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Abstract 

Gum arabic is the oldest tree gum exudate, and has been in use since 4000 BC. Currently, it is 

used as an emulsifier (E414) in a number of processes, such as producing sweets and soft 

drinks. This study examines local practices such as tapping, collecting, transporting, sorting, 

and storing in various production areas in Sudan. Furthermore, it also investigates statistical 

differences in the key variables such as moisture content, optical rotation, ash content, 

viscosity, pH, colour Gardner index, colour Lovibond and tannin content in various production 

regions in Sudan during four seasons, namely 2013, 2014, 2015 and 2016. 

 

This study offers originality as the first investigation to combine labour practices related to 

quality control systems in a Sudanese context, using both primary and secondary data. Primary 

data were obtained from survey questionnaires (n=413 out of 800) distributed, giving a 

response rate of 52%, using chain-referral sampling among gum arabic farmers, managers, 

supervisors, and stakeholders. In addition to the questionnaires, open-ended (interview) 

questions were distributed to stakeholders and experts, by employing maximum variation 

sampling (n=15 out of 20 questions distributed, providing a response rate of 75%). Other 

primary data, namely, analytical and experimental data, were obtained from Nopec Quality 

Control Laboratory in Khartoum, and from the Hydrocolloids Research Centre at the 

University of Chester. Secondary data (national production) was obtained from the Sudan 

Customs Corporation via the Gum Arabic Board in Sudan. 

 

The findings of the survey questionnaires generally reveal that most workers tend to (i) work 

for relatively long time in the gum arabic industry, (ii) are knowledgeable about quality control 

systems, and (iii) aware about the best methods for maintaining product quality, collecting and 

storing gum arabic (r=-0.821). Specifically, the strongest correlation coefficient (p=0.001) 

were found between the worker’s age and the duration of working in the gum arabic industry 

(r=0.655). That is, the older respondents tend to be male while younger respondents tend to be 

female (r=-0.623). In addition, the majority of respondents (r=0.476) were knowledgeable 

about the production areas of gum arabic in Sudan as well as the location of the main auction 

market in Al Obeid. 

 

The findings from expert interviews indicate that there are both facilitative and hindrance 

factors that affect gum arabic development; these are related to infrastructure, technology, 

socio-economy, and relevant institution. The hindrance factors are, inter alia, the existence of 

relatively higher taxes, inefficient transportation, outdated technology and inconsistent quality 

control systems used by various gum arabic processing companies. Conversely, there are also 

facilitative factors such as financial assistance (the sheilla system) for farmers from banks, 

regular training, and methodical improvement of tapping through the use of modernised tools. 

The most significant factor is the agreement by all interviewees that better quality control 

systems should be a key to the development of this product therefore, allowing the suppliers to 

offer a quality product rather than a commodity. The results of secondary data reveal an 

increase in export trends from 2012 to 2018, indicating continuous growth in the industry and 

in particular for Acacia seyal compared to the previously held standard of Acacia Senegal. 

 

Finally, the findings of the analytical data reveal that key variables while differ across the 

various production season, the quality of the material from a given production area does not 

differ significantly. This is the major finding of this study whereby using reliable supply chain, 

traceability system and quality control measurements it would be possible to supply gum arabic 

with certain characteristics suitable for a given application. In conclusion, the findings are 

useful addition to our knowledge and potentially of commercial impact.  
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1.1 Background, rationales and research objectives 

 

 

Gum arabic is the oldest and best known of all the tree gum exudates, and has been used 

since 4000 BC. It is also known as Acacia gum (Figure 1.1). Gum arabic was introduced to 

Europe through various Arabian ports and eventually came to be called ‘gum arabic’ due to 

its origins (Islam, Phillips, Sljivo, Snowden, & Williams, 1997). 

 

 

 

Figure 1.1. Acacia gum exudate following tapping of Acacia tree. 

 

 

Gum arabic or E414 is an emulsifier and a stabiliser secreted from the branches of Acacia 

senegal trees (Al-Assaf & Phillips, 2009; Chikamai, Banks, Anderson, & Weiping, 1996). As 

an emulsifier and stabiliser, it has many uses, such as producing chocolate and sweets, and 

manufacturing soft drinks by binding sugar to the drink and even making shoe polish (Abdel-

Maksouda & El-Amin, 2011). People sometimes call it ‘an edible glue’. In fact, in ancient 

Egypt, gum arabic was used heavily as a binder in cosmetics and inks, and as an agent in the 

mummification process (Abdel-Maksouda & El-Amin, 2011; Islam et al., 1997).  

 

Gum arabic is an exudate obtained from the stems and branches of Acacia trees, which grow 

widely across Sub-Saharan Africa. They form the so-called ‘gum belt’. Sudan, due to its 

location in the gum belt, is the largest producer of gum arabic in the world (FAO, 1990) and 
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continues to be the largest exporter, for example accounting for ~80% to the EU as shown in 

Table 1.1 (AIPG, 2019).  

 

Table 1.1. Top suppliers of Gum Arabic to the EU during 2014 – 2016. Source AIPG, 2019).   

 Country 2014 2015 2016 

 

tons (t) 

 

% 

 

tons (t) 

 

% 

 

tons (t) 

 

% 

Sudan 
 

41.934,10 

 

85,35 

 

44.289,60 

 

79,28 

 

43.344,90 

 

81,30 

Chad 
 

3.876,00 

 

7,89 

 

8.385,30 

 

15,01 

 

5.163,90 

 

9,69 

Senegal 
 

239,30 

 

0,49 

 

816,40 

 

1,46 

 

718,90 

 

1,35 

Nigeria 
 

1.181,60 

 

2,40 

 

893,00 

 

1,60 

 

771,80 

 

1,45 

Cameroon 
 

25,00 

 

0,05 

 

37,90 

 

0,07 

 

36,60 

 

0,07 

others 
 

1.877,10 

 

3,82 

 

1.441,80 

 

2,58 

 

3.279,70 

 

6,15 

 

total EU-

imports 

 

49.133,10 

 

100,00 

 

55.864,00 

 

100,00 

 

53.315,80 

 

100,00 

 

The gum arabic belt in Sudan lies within the low-rain Savannah zone, an area of 520,000 km2 

that extends across Central Sudan between latitudes of 10 and 14 degrees. It covers about one 

fifth of the country area. Most importantly this area is inhabited by more than one third of 

Sudan’s population. In the gum-belt area, a number of activities are practiced, namely animal 

husbandry, crops, farming, forestry and gum arabic production. 

 

Gum nodule formation occurs in the cambial region of the stems or branches of Acacia trees 

through a process called gummosis. Gummosis occurs when the tree is subjected to stress 

conditions, such as heat, drought, and insect attack (Islam et al., 1997). 

 

The tapping process is a systematic wounding of the tree, performed by gum producers 

during the dry season in October to March to regulate production. The timing and intensity of 

tapping influences gum yield   (M. E. Ballal, El Siddig, Efadl, & Luukkanen, 2005; M. E. 
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Ballal, El Siddig, Elfadl, & Luukkanen, 2005) and is dependent on the rain fall and the start 

of the dry season (see Chapter 2, Section 2.3.2). However, Ballal et al.’s studies, mentioned 

above, initially did not explore in details whether the timing of taping or the intensity of 

taping is more important in affecting the gum yield. Further research (Adam, Ballal, & Fadl, 

2012) reveals that the gum yield amplified by 60% when the tapping was on the eastern and 

western sides towards direct sun light. 

 

Acacia seyal and Acacia senegal are the two species that have been the subject of many 

investigations (Williams & Phillips, 2000). Both are acceptable within the regulatory 

specification of gum arabic used in the food industry, but for different applications (Elmanan, 

Al-Assaf, Phillips, & Williams, 2008). 

 

While Acacia senegal is an excellent emulsifier for oil in water emulsions, which is typically 

used in the beverage industry, and Acacia seyal tends to be used for applications requiring 

short-term stability, such as encapsulation or in the confectionary industry. The main 

difference between these two varieties is given in Table 1.2. 

 

Table 1.2. Comparison between Acacia senegal and Acacia seyal: Analytical parameters 

obtained from samples collected between 1960 and 1999 in Sudan. 

 

Parameter Acacia Senegal Acacia seyal 

Moisture (%) 10.75 9.40 

Ash (%) 3.7 2.3 

Nitrogen (%) 0.33 0.11 

Tannin (%) 0.00 0.11 

Sp. Optical rotation -31.3 +50.6 

Intrinsic viscosity (cm3/g) 16.6 11.0 

Equivalent weight 1436 1502 

pH 4.66 4.2 

Galactose (%) 36-42 37-38 

Arabinose (%) 24-29 41-45 

Rhamnose (%) 12-14 3-4 

Uronic acid (%) 16-17 11-12 

Source: (Karamallah, 2000) 

 

 

The literature reveals that quality of gum arabic is affected by several factors, such as soil 

type, age of the tree, location, and rainfall (Idris, Williams, & Phillips, 1998). Furthermore, 
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various industrial processing treatments have been shown to affect gum quality (Al-Assaf, 

Andres, Cirre, & Phillips, 2012). Significant efforts have been devoted, therefore, to 

developing a quality control system, that can identify the suitable material for a given 

application (Al-Assaf, Katayama, Phillips, Sasaki, & Williams, 2003; Al-Assaf & Phillips, 

2008). 

 

Although many studies inter alia, (G. Mujawamariya, Burger, & D'Haese, 2015) have been 

conducted into the influence of labour perception and practices on gum arabic production in 

other countries, unfortunately, very little research has been performed in relation to Sudan as 

to this thesis focuses on originality in the labour practice and production aspects of gum 

arabic. Other studies examined labour decision-making behaviour such as Rahim and co-

worker (Rahim, Ruben, & Van Ierland, 2008). They focused on the decision-making 

behaviour of farmers in west Sudan. They further identified the socioeconomic factors 

influencing disadoption of gum production. 

 

The final findings revealed that a higher level of income from annual cash crops such as 

peanuts, hibiscus and water melon seeds etc. decreases the probability of disadoption of gum 

arabic in west Sudan. Furthermore, Rahim et al. (Rahim, Van Ierland, & Wesseler, 2007) also 

indicated that the incentives for producers to abandon gum production is relatively low 

because of abundant land and lower opportunity costs of labour. 

 

Since farmers’ indigenous knowledge is based on understanding of the ecosystem in order to 

sustain production of all crops including gums, the collective activities of labour farmers in 

gum farms, which include tree husbandry, tapping systems and timing, methods of gum 

collection, and other pre and post-harvest practices, clearly influence gum production and 

quality (see Chapter 2, Section 2.3). 

 

Most gum producers in Sudan gained their knowledge through local farmer practices. 

Highlighting the realisation of building capacity on quality control, it has become clear that 

extensions, intensive extension, and training all have a positive effect on gum production and 

quality. 

 

A study on the influence of labour perception and practices on gum arabic production in 

Sudan is significantly justified because by understanding this, a strategic production and 
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quality control policy can be proposed to enhance staff productivity and improve the overall 

performance in particular, and in general increase overall gum arabic productivity – and 

possibly promoting Sudan Gross National Income (GNI). In addition, this study is justified 

because a greater understanding of the linkage between labour practices, perception, and gum 

arabic production and quality will lead to more highly productive gum arabic forestry, a 

reduction in poverty, and an improvement in the economic status of labour farmers. 

Correspondingly, the study might also have public policy implications for the Sudanese 

Government for designing a sound and effective policy for enhancing the development of 

labour professional practices, training, and gum arabic production and quality in terms of 

their contribution towards the national economy. 

 

However, there may be some limitations to the study with respect to the generalisation of the 

findings to other countries due to: firstly, the issues of limited sampling (n=413) and 

secondly, issues of non-randomness in the selected sample. The study uses purposively 

snowball sampling. It is a non-probabilistic sampling technique, which is also known as 

chain-referral sampling, where initial research participants recruit next participants and so on 

in order to obtain more samples. Because a snowball sampling technique is non-random 

sampling, respondent samples may not be representative of the overall Sudanese labour 

farmer population as a whole. That is, we cannot generalise the results of this study to other 

places or times because of limited generalisation. However, it is expected that using 

purposive snowball sampling has encouraged a variety of labour farmers and managers 

towards more heterogeneous samples and opinion to warrant more samples and robust 

conclusions. 

 

Following the above studies, the aim of this study is to analyse the influences of quality 

control systems and labour practices on gum arabic production in Sudan by surveying via 

closed-ended questions (multiple-choice survey questionnaires) and open-ended (interview) 

questions by asking farmers, managers and stakeholders that work in gum arabic production 

in Sudan. The detailed objectives are proposed as follows: 

 

1) Investigate various local practices in various production areas in Sudan, including 

tapping, collecting, transporting, sorting, storing, and marketing gum arabic. 

2) Identify similarities and differences between various production areas. 
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3) Examine the development of a traceability system that provides a quality assurance 

system from a given production area. 

4) Systematically investigate the quality of gum arabic from various production areas in 

Sudan during the four harvesting seasons of 2013, 2014, 2015 and 2016. 

5) Examine the relationship between gum arabic quality and local perception and 

practices. 

 

1.2. Review of studies in gum arabic production 

 

Since this research aims at evaluating gum arabic production, labour practice, quality control 

systems and relevant strategic implications for improving gum arabic production in Sudan, 

the literature cited in this section covers earlier studies within the areas of labour practice and 

quality control systems as well as social economic strategies to stimulate gum arabic 

production in Sudan and other African producing countries. 

 

The initial theory of labour practice was initially developed by Gary Becker and Jacob 

Mincer (Becker, 1993; Grossbard, 2006; Mincer, 1962; Rosen, 1987). It is defined by the 

Organisation for Economic Co-operation and Development (OECD) (2017) as ‘the 

knowledge, skills, competencies and other attributes embodied in individuals or groups of 

individuals acquired during their life and used to produce goods, services or ideas in market 

circumstances’ (OECD, 2017). In this study, it refers to the stock of knowledge, habits, 

social, and personal attributes, including the creativity of gum arabic workers, which is 

embodied in the ability to perform labour tasks related to gum arabic production in order to 

produce economic value. Accordingly, it is expected that the more human capital that is 

embedded in the labour force, the more productive the labour within the gum arabic 

production process. 

 

The most relevant empirical literature in relation to an economic strategy in gum arabic 

production to date is the research implemented by Yasseen et al (Yasseen, Salih, & Ahmed, 

2014). Their research aims at evaluating the competitiveness and profitability of gum arabic 

production in Sudan. They collected primary data (interviews) from the gum arabic farmers 

during the 2010/11 and 2011/12 seasons. Using a policy analysis matrix (PAM), their 

findings indicate that gum arabic production in Sudan possesses absolute competitive 
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advantage because the international value added (IVA) has led to positive foreign exchange 

earnings for the country. However, the social costs of domestic resources used in gum arabic 

production in Sudan are relatively less than the IVA. In addition, they argue that the tax and 

pricing structure of gum arabic should be revised as an economic policy instrument in order 

to stimulate gum arabic production in Sudan. For example, lowering the tax on gum arabic 

would act as an incentive for workers and producers to stimulate further investment and 

training in the gum arabic industry. This theoretical proposition is well-known as a supply 

side theory in economics (Canto, Joines, & Laffer, 1983). 

 

The earlier studies on the aspects of gum arabic’s labour and technical efficiency indicate that 

the technical efficiency of gum arabic production depends empirically on the workers’ age, 

educational levels, rainfall levels, soil types, and different shares of contract arrangements (El 

Khidir, Shah, & Yew, 2010). In economic theory (Samuelson & Barnett, 2006), technical 

efficiency is theoretically concerned with an organisation’s productivity. An organisation is 

said to be technically efficient if it produces maximum outputs from the minimum quantity of 

resource inputs in a firm’s production function. 

 

It is envisaged that the older the labour force, the more productive they are, because the older 

workers will be more skilful and experience in a particular production line (Frank, 2006; 

Mincer, 1962). Similarly, it is envisaged that the more educated the workers, the more 

productive they are, because education increases the workers’ labour practice and human 

capital. Analogously, the higher the rainfall level and the better the soil types, the more 

productive gum arabic production, because rainfall and soil facilitate fertility and enhance 

such production. Other studies such as (Fall et al., 2016) are also in line with the proposition 

that gum arabic production was positively correlated with rainfall (r = 0.88) and soil types of 

microbial biomass (r = 0.86) . While, Atta et al. (Atta, Aref, & Khalil, 2011) study aims at 

investigating the correlation between the beetle a. nubeculosus and gum arabic production by 

Acacia senegal, in which some trees were tapped and left open to ease infestation by a. 

nubeculosus. The findings reveal that Acacia senegal infested by A. nubeculosus harvested 

more gum than control trees. In addition, infestation also led to significant changes in gum 

colour, shape, size, moisture content, optical rotation and chemical properties. Overall, Atta 

et al. (Atta et al., 2011) study shows that increased gum arabic production was noted after 

infestation of Acacia senegal with other microbial biomass. 
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In line with the concept of technical efficiency, (Wekesa, Makenzi, Chikamai, Luvanda, & 

Muga, 2010)’s study analysed traditional ecological knowledge (TEK) on the management of 

gum arabic in northern Kenya using structured survey questionnaires. The questionnaires 

were distributed to 149 randomly selected respondents. The finding indicates that the local 

communities and labour force have employed optimally their indigenous knowledge and 

human capital to successfully manage gum arabic production. Wekesa et al. (Wekesa et al., 

2010) also indicates that to manage the production of gum arabic in Kenya, Kenyan 

companies had to rely on the local workers to protect gum arabic trees in the long term by 

creating awareness on the role of local people’s practices to manage gum arabic production. 

The collection of gum arabic was mainly implemented by female workers during the dry 

months of June to September. In these months, the production yielded higher quantities of 

gum arabic compared to the months of January to March. In addition, gum arabic has been 

employed as foods during some seasons, which indicates that TEK is a valuable concept for 

enhancing sustainable management of gum arabic trees and environmental conservation.  

Wekesa et al. research was implemented between 2008 and 2010 to also assess annual gum 

production potential per tree in Kenyan drylands (Wekesa et al., 2010). Eight sample plots of 

1.0 hectare were established, one at each site. All trees in each sample plot were classified 

into three diameter size classes. Ten trees from each diameter class were selected for tapping 

while another 10 trees were left untapped, as a control variable. Wekesa et al. (2010) study 

reveals that tapping has increased gum production by 74.9%. Accordingly, these findings 

have human resource and labour strategic implications for gum arabic production, in that gum 

production can be improved considerably through efficient tapping, for the benefits of the 

communities. 

 

Using a Cobb-Douglas production function, Valla and Ayoola (Valla & Ayoola, 2014) 

evaluated the efficiency of resource utilisation of human capital among gum arabic farmers in 

Yobe State, Nigeria. Structured survey questionnaires were distributed to 120 farmers. The 

farmers were selected by using a multi-staged random sampling technique from six local 

areas. Valla and Ayoola’s findings indicate that gross income, gross margin, and net farm 

income per hectare were US $187.50, $131.13, and $121.44, respectively, while the return on 

labour (RoL) was noted as a healthy 3.08. Unfortunately, the findings also show that farm 

size, cost of farm tools, hired labour, family labour, and transport costs were not executed at 

optimal levels, indicating ‘wastefulness’ in the production systems. 
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The Cobb–Douglas production function is a specific mathematical form of the production 

function, which relates the technological relationship between the amounts of capital and 

labour and the amount of output that can be produced. The findings of Valla and Ayoola  

reveal a decreasing return scale (Valla & Ayoola, 2014). This occurs when the output 

increases by only a smaller proportion than the increase in inputs during the production 

process. The findings reveal the inefficiency in the production systems. 

 

Mujawamariya et al. collected data from 348 gum collectors in Senegal (G.  Mujawamariya, 

Burger, & D’Haese, 2012). The findings of their study indicate that access to good markets 

motivates the collectors to harvest and market gum arabic in Senegal. The collectors made 

their final decision based on fixed transaction costs at the pre-collection stage and 

proportional costs at the marketing stage. In the pre-collection stage, the collectors made 

decisions such as joining a group, assessing the price versus the fixed transaction costs and 

weighing the net profits in comparison with the overall total costs in such a way that the 

collected gum can be marketed profitably at a later date. In this case, the costs incurred were 

regarded by the collectors as a financial investment as a part of the overall total costs, which 

could be recovered later on when selling gum arabic. The findings also revealed that, in order 

to strengthen market expansion of gum arabic in Senegal, infrastructure development is 

needed as a key policy intervention for developing the gum arabic business in the country. 

Examples of infrastructure development are building roads and communication as the key to 

developing the gum arabic market and facilitating gum collection. 

 

By using the ordered logit model,  used by another study (Mohamed & Ahmed, 2015) which 

revealed that gum arabic exported from Sudan has fluctuated and declined during recent 

decades. Their findings reveal that in order to improve gum production, it is recommended to 

increase the producers’ participation to join the contract farming schemes. In addition, the 

government and relevant companies need to provide the gum producers with supporting 

production strategies such as providing seasonal loans as well as communication and 

transportation facilities. The Sudanese government should also undertake a strategic labour 

policy, to increase gum arabic productivity, such as by providing training and development to 

increase labour practice. 

 

Adesina et al. (Adesina, Mbila, Nkamelu, & Endamana, 2000) examined the adoption of alley 

farming by farmers in the forest zone of south-west Cameroon. Their studies were replicated 
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and applied to gum arabic production in Sudan by Rahim et al. (Rahim et al., 2008). Rahim et 

al.’s research reveals that although gum arabic production in Sudan has been grown 

successfully over time, the Sahel drought has caused the gum arabic area to suffer from 

deforestation, which has led to declining gum arabic production. Consequently, many farmers 

have forsaken gum arabic production and the bush-fallow system. Furthermore, they indicate 

that the majority of the respondents (50%) mentioned that a low return on gum arabic was the 

main reason for dropping its production. This reason for ceasing gum arabic production is 

followed by having off-farm work (23%), insufficient land (14%), and production of other 

crops (11%) as the next most common reasons for ceasing gum arabic production, as shown 

in Table 1.3 below. 

 

Rahim et al. (2008) study, in explaining the abandonment behaviour, provides strategic 

implications both from labour, economic positions and quality control systems, which need to 

be followed up by the Sudanese government and gum arabic producers in order to re-stimulate 

gum arabic production in the country. 

 

Table 1.3 – Farmers’ reasons for abandoning gum arabic production in Sudan 

 

Reasons Percentage 

Low gum returns 50% 

Have off-farm work 23% 

Insufficient land 14% 

Production of other crops 11% 

Lack of finance 9% 

Other reasons 5% 
* Due to multiple responses in some cases, the total percentages do not sum up to 100% 

Source: (Rahim et al., 2008) 

 

 

1.3. Review of traceability studies in the food industry 

 

This section provides a brief background containing the previous studies, earlier reports and a 

literature review on aspects of the product traceability of foods or commodities in general, 

including oranges, Malaysian honey, tannin, wine, and others. This literature cross-

comparison of traceability among a variety of commodities was implemented in order to 
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explore the most common methods to uncover product traceability as well as to contrast the 

methodical direction of product traceability. 

 

According to the relevant literature  (Camin, Bontempo, Perini, & Piasentier, 2016); (Al-

Maleeh, Adom, & Zakaria, 2017; Amenta, Fabroni, Costa, & Rapisarda, 2016; Maria-

Simona, Sevastiţa, & Maria Del Mar Camacho, 2015), product traceability can be simply 

defined here as the ability to identify and trace the history, distribution, location, and 

application of either foods or commodities. The issue of product traceability has become 

increasingly paramount for the food sector, including gum arabic, as by being able to trace 

either commodities or foods from particular geographical areas, specific compositions or 

particular ingredients, the quality, safety, and authenticity of either commodities or foods can 

be achieved sustainably with accurate precision in the longer term (Amenta et al., 2016; De 

Rijke et al., 2016; Juan-Borras, Domenech, Hellebrandova, & Esriche, 2014).  

 

The coverage of product traceability in this section starts with an earlier traceability study 

conducted by Amenta et al. (2016). The researchers investigated the traceability of ‘Limone 

di Siracusa, which is a lemon grown in Syracuse, southern Italy. By using several 

compositional and analytical techniques such as partial-least-square discriminant analysis 

(PLS-DA) and linear discriminant analysis (LDA), they were able to verify the authenticity of 

lemon production. Their study has significant implications with regard to discerning primary-

quality lemons and secondary-quality ones in order to provide quality products for final 

customers. 

 

As indicated in Figure 1.2 below, the histogram by frequency class shows that the LDA 

discriminates effectively between the two cultivation areas of lemon fruits (PGI and NOT-

PGI). PGI means Protected Geographical Indication, which is recognised by the European 

Union. Yellow indicates or stands for PGI lemon fruits, while green reveals for NOT-PGI 

lemon fruits. 
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Figure 1.2. Histogram of LDA for PGI & NOT-PGI lemon fruits. 

Source: (Amenta et al., 2016) 

 

 

Juan-Borras et al. (2014) traceability study examined the effect of country of origin on the 

physicochemical, sugar, and volatile composition of Acacia, sunflower, and tillia honey. 

Using principal component analysis (PCA), Juan-Borras et al. (2014) study proposed LDA 

models as a valuable tool to cluster Acacia, sunflower, and tillia honey according to the 

country of origin to trace the quality of the commodities under investigation. Their findings 

revealed that the botanical origin discerns honey samples better than the geographical origin. 

The findings also indicated that the correct classification of honey samples was significant, 

with the exception of 10 per cent of the sunflower honey from the Czech Republic, which 

was incorrectly classified. Overall, the results suggested that the LDA models are a 

theoretically useful method for classifying Acacia, sunflower, and tillia honey according to 

their botanical and geographical origin as indicated in Table 1.4 below. The geographical 

origins are Spain (Sp), Romania (Ro) and Czech Republic (Cz). 

 

Vukatana et al. (2016) examined wine traceability in Albania, where under the EU regulation, 

wine producers are required to keep the traceability data of all wines produced as a part of the 

quality control of the International Organisation for Standardisation (ISO) (Vukatana, 

Sevrani, & Hoxha, 2016). 

 

Unfortunately, when Vukatana et al. (2016) interviewed Albanian winemakers, their findings 

revealed that only few producers in Albania had complied with the ISO regulation. The 

findings also indicated that there was a rising degree of accountability in selling products and 
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serving consumers, as final consumers and the authorities deserve transparency in product 

quality. Finally, based on the interviews with the winemakers in Albania, the researchers 

proposed a prototype online model of a wine traceability system, which is shown in Figure 

1.3 below. 

 

Table 1.4. Effective DA to cluster the geographical origins of the floral. 

 

Source: (Juan-Borras et al., 2014) 

 

Figure 1.3 indicates that an automated traceability system can be implemented by bringing 

together wine producers and their supply chain, such as suppliers of raw materials (grape 

growers) and distributor agents (wholesalers and retailers), in which relational-database 

information can be stored in the cloud or in an online server. This traceability information can 

be accessed anywhere online by consumers and the authorities through web and mobile 

applications. Thus, all the stakeholders, including final consumers, producers and suppliers 

themselves, and the government, as well as the regulators have full access to the prototype 

online model of a wine traceability system shown above through the Internet and mobile 

technology. On the other side, the wine production and transaction itself communicates with 

the prototype model through the use of barcode technology. Accordingly, when a particular 

risk or contamination is identified, appropriate preventive actions can be taken by being able 

to trace a particular wine product through the system immediately by scrutinising the 

traceability data and quickly identifying problems. Vukatana et al. (2016) research can be 

considered as a direction for a future model of traceability which can be applied to any 

product, including gum arabic. 
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Figure 1.3. A prototype online model of a wine traceability system 

Source: Adapted from (Vukatana et al., 2016) 

 

Other studies, such as Bertoldi et al. (2014) research on traceability, revealed that by using 

LDA with a stepwise technique, it was possible to cluster a considerable variety of tannins; 

100 tannin classifications into only eight significant classifications, namely grapes, oak, gall, 

chestnut, fruit trees, quebracho, tea and Acacia as indicated by Figure 1.4 below (Bertoldi et 

al., 2014). These findings showed effective discrimination results despite the fact that many 

different origins of tannin exist. 
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Figure 1.4 –DA based on the composition of 100 tannins of 8 botanical origins 

Source: (Bertoldi et al., 2014) 

 

 

Similarly, by using canonical discriminant analysis (CDA) and PCA, Bella et al. (2015) study 

focused on the product traceability of honey (Bella et al., 2015). Their study successfully 

discriminated honey with a variety of its mineral contents. It employed 39 honey samples of 

different botanical and geographical origin. Overall, the study correctly classified honey to 

define its geographical origin as shown in Figure 1.5. 

 

 

Figure 1.5 – Honey samples differentiated by geographical origins 

Source: Bella et al. (2015) 
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A similar traceability study was conducted on Malaysia honey by (Al-Maleeh et al., 2017). 

Using Principal component analysis (PCA), they were able to cluster three types of 

Malaysian honey, Acacia, kelulut and tualang as indicated by Figure 1.6. The clustering was 

based on their antioxidant contents and colour variations. The classification was considered 

significant with a 94 per cent accuracy level for clustering honey according to its botanical 

origin. The strategic implications of the finding can be used by the Malaysian honey 

producers to enhance honey traceability and improve aspects of the final quality of Malaysian 

honey so that it can compete more successfully in the international honey market. 

 

 

 

Figure 1.6 – Malaysian honey clustered by its botanical origin (PCA plot of 81 samples) 

Source: Al-Maleeh et al. (2017) 

 

Maria-Simona et al. (2015) examined the traceability of functional bioactive compounds in 

fresh and pasteurised milk obtained from goats fed with orange pulp (Maria-Simona et al., 

2015). Their research was able to cluster and compare two types of goat diets, namely, a 

standard diet and a diet with orange pulp, by examining bioactive compounds in fresh and 

pasteurised milk (Figure 1.7). Their study revealed that all the bioactive compounds were 

relatively more robust in the orange pulp diet than those in the control diet. Accordingly, they 

concluded that based on their discrimination research, citrus pulp silage can be employed to 

replace part of the conventional ration of goats. This traceability capability and replacement 

in turn will reduce the overall cost of a range of pulp production. 
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Figure 1.7 – Antioxidant activity content in fresh milk (left) and pasteurized milk (right) 

Source: Maria-Simona et al. (2015) 

 

 

Cuevas et al. (2017) research examined a traceability technique in fresh oranges (Citrus 

sinensis [L.] Osbeck) using the HS-SPME-GC-MS method. Their research started by 

collecting the aroma profile of 360 oranges from conventional and organic systems. PLS-DA 

was used by Cuevas et al. (Cuevas, Moreno-Rojas, & Ruiz-Moreno, 2017) to achieve 

effective classification of oranges based on the farming system using their volatile profiles 

(90 and 100 per cent correct classification). Thus, their study (Figure 1.8) successfully 

discriminated oranges based on cultivation practices using the HS-SPME-GC-MS technique 

as a successful traceability tool in pioneering a comparative study dealing with farming 

systems and the orange aroma profile. 

 

 

 

Figure 1.8 – PLS-DA of red dots (conventional samples) green squares (organic samples) 

Source: Cuevas et al. (2017) 
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The above studies and the earlier literature on product traceability indicate that a methodical 

variation exists in the use of quantitative methods for examining traceability, including PLS-

DA, LDA, CDA, PCA, Analysis of Variance (ANOVA), and other statistical and 

chemometric procedures (Al-Maleeh et al., 2017; Amenta et al., 2016; Bella et al., 2015; 

Bertoldi et al., 2014; Juan-Borras et al., 2014; Maria-Simona et al., 2015). Therefore, it can 

be concluded that there is no accepted single quantitative method to investigate traceability 

aspects of commodities. 

 

Although PCA can be used to cluster groups, the most popular quantitative method which has 

been employed to study traceability is discriminant analysis (DA), as the function of DA is to 

‘classify’, ‘cluster’ or ‘discriminate’ statistically either commodities or foods according to 

some population characteristics. Consequently, DA is widely applied to trace or identify the 

group to which foods or commodities belong. Therefore, possible application of the concept 

of DA to gum arabic could enable consumers, the authorities, and other agents to trace 

whether a specific batch of gum arabic belongs to a particular population, for example, 

whether the gum arabic belongs to the population of A quality production or B quality 

production. 

 

1.4  Association for International Promotions of Gums (AIPG) 

The AIPG is an international association, set up by the industry, to represent producers, 

processors and traders in natural tree exudate gums, principally Gum Arabic, Gum 

Tragacanth, and Gum Karaya (AIPG, 2019). The structure of the AIPG consists of a 

president, two vice presidents (one representing end user companies while the second 

represents producers), treasurer, legal adviser and a scientific adviser. Election is typically 

held periodically for the position of president and vice presidents. Paid membership to this 

association is open to all organisations from producing and consuming countries.    

The AIPG is based in Hamburg (Germany) with membership structure including producers/ 

exporters from country of origin and importers /processors in user countries. The AIPG is 

tasked with the following main targets and are to “ 

 

i- Safeguard the uses of natural gums as safe food additives   

ii- Defend and promote the production and trade throughout the world. 

iii- Conduct research into new uses and applications 
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iv- Represent regulatory interests of the natural gum industry before various 

international bodies such as Codex Alimentarius, the European Union, FAO and 

JECFA and national regulatory bodies  

v- Arrange meetings, seminars and publications to disseminate new commercial and 

scientific information” (AIPG, 2019).  

 

The current membership of the AIPG includes thirty eight companies/organisation and listed 

in Table 1.5 below alphabetically according the country (AIPG, 2019). There is an annual 

meeting for this organisation which is typically held in November, and the location is decided 

to coincide with the annual Food Ingredients meeting. It should be noted, here, that 

importers/processors based in the EU and USA sell gum Arabic in the crude form and also in 

the spray dried form. There are very limited spray drying facilities in the country of origin 

and the exception are those established through joint ventures with established processors in 

the EU.  Importers / processors based in the EU, in particular, have also established joint 

ventures with local companies in order to guarantee sourcing and processing of gum Arabic 

according to their own quality control system.  Additionally, these international importers 

have certain quality control and quality assurance criteria which they provide for local 

producers/ exporters to follow. These various quality requirements and are described in detail 

in section 2.6.  
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Table 1.5. Current membership of the APIG listed according to the country (AIPG, 2019). 

Company|Organization City  Country  

Caldic Belgium N. V. Hemiksem Belgium  

AFRICA-GUMS S.A. N'Djamena Chad  

NOSOCOGEN S.A. N'Djamena Chad  

SANIMEX Sociètè Annama Import-Export N'Djamena Chad  

Seyal-Tchad N'Djamena Chad  

Alland & Robert Paris France 

EMIGA Gardanne France 

NEXIRA Rouen France 

Benecke GmbH, Willy Hamburg Germany  

NOREVO GmbH Hamburg Germany  

C.E. Roeper (GmbH & Co.) Hamburg Germany  

Ernst H. Singelmann GmbH & Co. KG Hamburg Germany  

RR SCL Rosemarie Rathgeb Milano Italy  

San-Ei Gen F.F.I., Inc. Osaka Japan  

San-Ei Yakuhin Boeki K. K. Osaka Japan  

RMM Global Co Ltd Bompai Kano Nigeria 

Africorp International Khartoum Sudan 

Albakry Factory  Khartoum Sudan 

Alpha Agricultural Processing Co. Khartoum Sudan 

Bashab Industrial Arabic Gum Factory Khartoum Sudan 

Elanan Trading,Exports & Imports Ltd Khartoum Sudan 

Gum Arabic Board (Sudan) Khartoum Sudan 

Henelie Industries Co. Ltd. Khartoum Sudan 

Kintra for advanced Business Khartoum Sudan 

Massaie Investment Co. Ltd Khartoum Sudan 

Nopec Natural Gums Factory Khartoum Sudan 

Omar Mohamed for Import & Export Khartoum Sudan 

Um Algura Gum Processing Factory Khartoum Sudan 

United Family for Advanced Business Co Ltd Khartoum Sudan 

Polygal AG Marketing & Sales Märstetten Switzerland 

JUAMKA B.V. Amsterdam The Netherlands 

COMATS LIMITED DMCC Dubai United Arab Emirates 

Arthur Branwell & Co. Ltd. Epping, Essex United Kingdom 

Kerry Ingredients & Flavours EMEA Region Cam United Kingdom 

San-Ei Gen F.F.I. (U.K.) Limited London United Kingdom 

Toyota Tsusho UK Ltd London Head Office London United Kingdom 

Importers Service Corporation Edison USA 

TIC Gums Inc. Belcamp, Maryland USA  
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1.5 Gum Arabic applications 

As noted already in section 1.1 gum arabic has been used by the ancient Egyptian, 

specifically as glue in the mummification process and as an emulsifier of oil and colours used 

in paintings and writings. This section reviews the current applications in various industrial 

sectors. Table lists the main applications in the food industry (Al-Assaf & Phillips, 2009).   

  

Table 1.6. Current gum Arabic application in the food industry (Al-Assaf & Phillips, 2009). 

Application Necessary functionality and features needed for best 

performance 

Emulsification in beverages Coating of an oil droplet by the high molecular weight fraction rich 
in protein (AGP). 
Direct correlation between the proportion and molecular weight 
of the AGP and the 
emulsification performance and stability due the elasticity of film 
formed at the interface. Heat induced hydrophobic associations in 
the solid state result in the highest performance due to increasing 
the proportion of the AGP. This is the basis of enhanced gums 
commercially available under the trade name Supergum™. 

Confectionery Preventing sugar crystallisation and emulsifying fat to ensure even 
distribution throughout the product. Long- term emulsion stability 
is not required particularly for products with high sugar and low 
moisture contents such as jujubes, pastilles, caramel and toffees. 
Thickening properties (viscosity) and film forming are required as a 
glaze in candy products. 
Binding agent for the paste base. 

Encapsulation of essential 
oils; aromatic 
compositions, plant 
essences. 
Oleoresin spices, 
fruit juices, vitamins, 
polyunsaturated fatty 
acids, enzymes, acids, 
trace elements, mineral 
oils, pesticides 

Forming a protective film to avoid penetration of oxidising agents, 
and allowing controlled release. Need for increased wetability and 
good viscosity control. Typically, A. seyal is used since it has lower 
viscosity and can sufficiently provide short- term emulsion stability 
prior to spray drying. 

Higher concentration of gum can also be used to provide a matrix as 
well as encapsulation. 

Bakery for toppings and 
glazes 

Free flowing, adhesion properties, control the water absorption and 
to impart smoothness. 

Texture and flavour 
modification in 
confectionery 

Interact and bind water, to thicken as a gel. Gel formation with 
enhanced water absorption. High proportion of AGP. 

Foam stabilisation 
- structure forming 

“Lace curtain” effect on beer. Maximise content of high molecular 
weight component rich in protein which responsible for producing 
the foams. Other products include marsh mallows and whipping 
creams. 
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Wine Emulsifier and stabiliser for colour particularly in red wine by 
forming a protective film layer to prevent precipitation; reduce 
perception of acidity and tannin harshness; provide sensory 
impacts that include nose, palate and mouth feel modifications. 
Best performance achieved with high proportion of AGP to give 
long-term emulsion stability. 

Dietary fibre Dairy products, processed fruits, bakery items, frozen desserts, meat 
products and food for diabetics. Need ability to fermentation in 
colon to give short-chain fatty acids, with bulking ability. 
A. seyal is typically used due to its low viscosity 
compared to A. senegal. 

 

Other technical applications include: lithography, carbon-free copy paper, water based paint 

and water colour, Office glue cigarette paper (spray gum), Electronic porcelain, electro-

technical ceramics. Spark plug, Electronic components, Ore flotation (phosphate), Fire paste 

for matches, fireworks and explosives and Agricultural sprays” (Al-Assaf & Phillips 2009). 

Further technical applications reported recently by international agent/supplier include: 

encapsulating agent for pigment powders, stiffening agent in textile, thickener in fishing and 

animal feed and binder in fireworks (RATHGEB, 2019).  

 

1.6. Thesis outline and Structure  

 

Two types of data will be used, namely primary and secondary data. Primary data will be 

generated from survey questionnaires (multiple-choice questions) (n=413) and interview or 

open-ended question (n=15), where n is the number of observations or respondents. Non-

parametric (Chi-squared) analysis will be used to analyse the survey questionnaires in order 

to identify patterns in the data. Non-parametric analysis will be used because the property of 

the data (survey questionnaires) is nominal. 

 

A sample of respondents (n=413) was selected by using a non-random technique of purposive 

snowball sampling for filling in the survey questionnaires. While, content analysis will be 

employed for evaluating the textual (qualitative) data from communicated texts (open-ended 

questions). The open-ended questions were distributed to 20 respondents (labour farmers, 

managers and stakeholders). It is expected that using a mixed-method research (MMR) 

approach combining quantitative analysis (survey questionnaires) and qualitative analysis 
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(open-ended questions or interview texts) will reach more comprehensive and robust 

findings. 

 

In order to answer fully the research questions, the interview questions were designed to 

directly obtain information from those involved in managerial position within the gum arabic 

industry in Sudan.  

 

The PhD thesis is divided into six main chapters and are listed below. 

 

 Chapter One discusses the introduction of gum arabic along with the rationale and 

justification for undertaking PhD research as well as a review of labour force in gum 

arabic production and traceability studies on food products. Additionally, a review of 

the role of the AIPG and the main applications of gum arabic in various industrial 

sectors. 

 

 Chapter Two discusses the literature regarding the subjects of farmer labour 

perception, practices, quality control systems and gum arabic production in Sudan. 

Furthermore, the quality control systems employed by producer companies in Sudan 

and importers/processors are described in detail. 

 

 Chapter Three presents the research methodologies employed in this study. 

 

 Chapter Four describes the results and analysis of the survey questionnaires as well as 

the interviews and the secondary data. 

  

 Chapter Five presents findings and analysis of the analytical parameters obtained 

from both primary and secondary data, followed by a summary, overall conclusion, 

and direction for further research in Chapter Six. 

 

 

  



25 
 

 

CHAPTER 2 - GUM ARABIC IN SUDAN 

 

   

2.1 Sudan 26 

2.1.1 Population 26 

2.1.2 Vegetation Zones 26 

2.2 Gum arabic production in Sudan 27 

2.2.1 Brief history of gum arabic in Sudan 27 

2.2.2 Definition of gum arabic 29 

2.3 Essential factors in gum arabic production 34 

2.3.1 Gum exudation 34 

2.3.2 Gum tapping tools and collection 34 

2.3.3 Techniques and equipment in gum arabic production 36 

2.4 Processing and grading of gum arabic 42 

2.5 Current status of the gum arabic industry in Sudan 47 

2.6 Quality requirements by Importers and end users 48 

2.7 Supply chain and hierarchy in the gum arabic industry in 

Sudan 

57 

2.8 Summary 58 

  



26 
 

2.1 Sudan 

 

Sudan is an African country, with an area of approximately 1,865,813 million square 

kilometres. It is considered the third largest country in Africa. The country is bounded to the 

east by the Red Sea and bounded on land by a number of other countries, specifically Eritrea, 

Ethiopia, South Sudan, the Central Africa Republic, Chad, Libya, and Egypt (Central-

Bureau-of-Statistics, 2018). 

 

Sudan encompasses a wide range of ecological zones extending from the desert and semi-

desert climate in the north to semi-tropical conditions with neighbouring South Sudan. Sudan 

has different climate zones and these zones have a great role and effect on people’s activities, 

with the River Nile and its tributaries, the White Nile and the Blue Nile, important features of 

the country. 

 

 

2.1.1 Population 

 

According to the 2011 census, the total population in Sudan is estimated at 33,419,625 

million, with an annual growth rate of 2.6% (Central-Bureau-of-Statistics, 2018). The rural 

population represents 70% of the total population. The most important demographic change 

is the growth of the urban population from 8.3% in 1955 to 20.2% in 1983, jumping to 30% 

in 1993. This growth was mainly due to migration from rural to urban areas. That migration 

was brought about by spells of drought, desertification, and other environmental factors that 

disrupted the productive farming system in rural areas (Peasron & Niaufre, 2013). 

 

 

2.1.2 Vegetation Zones 

 

According to Sudan Higher Council for Environment and Natural Resources (HCENR) 

(HCENR, 2016), Sudan has several vegetation zones, which can be distinguished from north 

to south as follows: (1) desert; (2) Acacia desert-scrub; (3) Acacia short grass scrub; (4) 

Acacia tall grass savannah; and (5) mixed deciduous forest. Two broad soil types define the 

growing conditions in Sudan. These are the clay soils in the central plains and the sandy soils 



27 
 

(goz) in the western Sudan and western White Nile regions. Overall, Sudan grows a variety 

of crops that include cereals, oil seeds, beans, chickpeas, lentils, cotton, sisal hemp and 

fodder crops. However, the most important crop is gum arabic. Gum arabic is an exudate of 

Acacia senegal and Acacia seyal. Traditional agriculture is practiced, alternating with bush 

fallow under gum trees. The practice is known to conserve soil and increases farmers’ 

income. Trees are also used to control sand encroachment in irrigated areas, especially the 

canal system (HCENR, 2016). 

 

2.2. Gum arabic production in Sudan 

 

2.2.1. Brief history of gum arabic in Sudan 

 

The term ‘gum arabic’ was firstly defined as a specific type of gum in the notable Arabic 

dictionary by Sihah El Jawhari, published 1000 years ago, as well as in certain ancient 

language textbooks such as ‘El Qamous El Muheet’ and ‘El Misbah El Muneer’ (Haywood, 

1960). This indicates that the expression was common among native Arabic speakers during 

that era, contrary to some literature that claims the term came from Europe (Duerbeck, 2015). 

The European literature reveals that the highest quality gum arabic was not produced in the 

Arabian Peninsula, but it came through Arabian ports. 

 

Most literature and researchers of gum arabic (M. E. Ballal, El Siddig, Efadl, et al., 2005; M. 

E. Ballal, El Siddig, Elfadl, et al., 2005) give nearly the same description, which is defined as 

purely and brightly coloured, very viscous, and corrugated like glass. This description is 

typically similar to Acacia senegal gum. In addition, gum arabic was mentioned twice by the 

Roman historian Pliny in ‘Natural History’, which was published in the first century AD 

(Abdelgader, 2016). In the first text, he described Acacia nilotica and its fruit, and mentioned 

that it produces a gum. After nine pages, he says that the gum of the Egyptian Thorne Tree 

Acacia is the best type. He goes on to claim that this gum is very viscous and it sticks to the 

teeth. Meanwhile, Arabic scholars and authors conclude that the best quality gum is the one 

that is brightly coloured and corrugated like glass (Haywood, 1960), which is typically 

known as the gum of Acacia senegal, a tree well known in Sudan. 
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The origin of gum arabic as a name exists in local languages in the region west of the Red 

Sea, which that has maintained parts of its ancient vocabulary (Van Wyk, 2005). There is the 

word “Arabi” which means bright, white, excellent colour in the Bega language (Blazek, 

2003), which also means a bright, excellent gum free of any tree bark. While, “dandary” is a 

local Sudanese word describing the people who work in the tapping operation (“taq”) on the 

gum arabic tree. This leads the tree to produce its liquid gum in an attempt to heal itself. The 

Sudanese word “dandara” indicates the collection of the gum (Tamis & Persson, 2013). 

On the other side, El Shatir Busaill Abd El Jalil published a book about the effects of the 

Greek language on the Blue Nile in Wad Medani in 1945 (Abdelgader, 2016). Furthermore, 

he mentions the multiple Greek migrations to that region since the Meroitic era. He states that 

Sudan was using the Greek language for educational purposes in the Meroitic and soba ages. 

He says that the word “dandelion” means tree in Greek. While, the word “forest” in Greek 

derives from this word. In the Nile Valley and the Nubian region, the city of Dundrah was 

founded. In the Blue Nile province in Sudan, El Dinder city was discovered in the middle of 

forests. Hence, a dandary is also interpreted as a man living in the forest, who knows how to 

scratch Acacia trees to obtain their gum. 

 

Sudan has been known as the home of gum arabic production for more than six thousand 

years (Abdelgader, 2016). Historically, Pharaohs used gum arabic in their temples and 

pyramids for the embalming of mummies. They used to import it through the desert road 

(‘Darb El arbaeen’) from Darfur and Kordofan to Asyut in Egypt. Gum arabic was delivered 

to Pharaonic Egypt from Sinnar to Aswan through Barbar and Korsiko (Haywood, 1960). In 

the middle ages, gum arabic was exported to Europe from Alexandria, Sawakin and Mossawa 

through Kassala, via Barbar and Gadaref. It was also known as Gum Turkish, Gum 

Kordofani and Acacia senegal gum. In fact, the international gum arabic trade flourished in 

the last two centuries (Abdelgader, 2016). Exportation is usually through Port Sudan, 

especially after the extension of the railway line in 1906. Gum arabic was the most popular of 

Sudanese exports until 1920 when it was moved towards second place after cotton. After the 

exportation of oilseeds and livestock developed, gum arabic started to swing between second 

and third place in Sudanese trade activities.  
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2.2.2 Definition of gum arabic 

 

Gum arabic is a type name for the carbohydrate secretions produced by stems or branches of 

Acacia trees when injured naturally, by animal or by humans, in interaction with bacteria, 

fungus, or any other physical interactions. There are many kinds of gum in the world carrying 

the names of places where they are produced or exported from: Karaya gum in India; 

Tragacanth gum from Iran; Gttatti gum and Bakhor gum from Yemen, Somalia, and Sudan. 

 

The most important gum tree is the Acacia (Mimosacae) and the most important Acacia trees 

are Acacia senegal, locally known as hashab, and Acacia seyal, locally known as talha. 

Acacia senegal is widely distributed across the low rainfall woody savannah zone of central 

Sudan with healthy soil (El Amin, Roth, & Taha, 2008; ElAmin, 1972). Sudan is known for 

its wide ranging suitable regions where Acacias are found in the diversity of its environment.  

 

Both Acacia senegal and Acacia seyal grow in the tropical belt in Africa extending from east 

to west of the continent between the latitudes 10° and 14° North, from Nigeria and Senegal, 

through Eritrea, Ethiopia, and other countries. The gross area of the Sudanese gum belt 

(Figure 2.1) is estimated to cover 520,000 square kilometres (52 million hectares), which is 

roughly quarter the area of the country. Administratively, the gum belt spans five sectors in 

Sudan – Eastern, Central, Kordofan, Darfur, and the Blue Nile – in addition to that part of 

Sudan adjacent to the Upper Nile State of South Sudan, and covers 12 states with five million 

people involved directly or indirectly in gum production or relevant activities. 

 

The trees of the gum arabic belt offer a means of life and settlement for people in the sand 

dunes of Kordofan and Darfur and in the clay plains in the eastern and western parts of the 

country. 

 

The income from gum arabic production is complementary to the revenues of the traditional 

crops like sorghum, millet, sesame, and peanuts. Acacia trees re-fertilises the soil after years 

of cropping. They give also wood, charcoal, and one third of the feed of the Sudanese 

national herds. In addition, Acacia trees contribute to soil stabilisation and combat 

desertification. 
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Figure 2.1 - The gum arabic belt in Sudan. 

Source: (Mohammed et al., 2016) 

 

 

Gum arabic is a part of the liquid gums group produced by developing countries. It is usually 

used in food industries (FAO, 2016). The international consumption of liquid gums increased 

between the years 1995 and 2000 from 750 thousand tons to 1.3 million tons. Its commercial 

global value increased from 960 million USD to 2.7 billion USD, in which gum arabic 

represents only between 50 and 100 thousand tonnes (with a global value not exceeding 150 

million USD) (Abdelgader, 2017). 

 

 

The gum arabic trade flourished in Sudan at the beginning of the twentieth century. It has 

been expressed in the monopoly of the gum trade by a few foreign companies. In the 1950s, 

the government was forced to impose a basic minimum price of gum arabic, which was 

announced at the beginning of every season. In 1969, the government established a public 

shareholding company. That company was granted a concession to exclusively export gum 

arabic. However, the company was obliged, on the other hand, to buy all the production 

available in the local markets with the basic price declared by the Ministry of Commerce. 

That company was given the name ‘The Gum Arabic Company (GAC)’. GAC was engaged 

to offer basic community services such as health and drinking water to producers, and to 

support all efforts of rehabilitation, research, and development. 

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjWy8yriebeAhVqBMAKHSSyCHMQjRx6BAgBEAU&url=http://article.sciencepublishinggroup.com/html/10.11648.j.ijgg.20160403.12.html&psig=AOvVaw2Xm4Proz3V4J6lXOCcb-5V&ust=1542909876948784
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International commerce requires particularly precise quality specifications and means of 

detecting fraud. Accordingly, the first definition of gum arabic was set in 1978 by the Joint 

Committee of Experts for Food Additives (JECFA) as a consultancy group of FAO and 

WHO. This definition continued till 1995, at which point it changed and the optical rotation 

and nitrogen content were introduced to the specifications. The Aid Gum Organisation 

managed to convince JECFA to modify the specification and include the gum of Acacia 

seyal, locally known as talha. The Sudanese GAC rejected that specification, and a new 

compromise was adopted wherein the specifications of each type of gum were separated. In 

1999, the Codex Alimentarius Commission held its annual meeting at the Hague in the 

Netherlands and a new text defining gum arabic as that of Acacia senegal as well as Acacia 

seyal was established. Table gives the specification of gum arabic. 

 

Table 2.1. Definition and tests specified for the identification of gum arabic.  

Synonyms Gum Arabic (Acacia senegal), gum arabic (Acacia seyal), Acacia gum; 

Arabic gum; INS No. 414 

Definition Gum Arabic is a dried exudate obtained from the stems and branches of 

Acacia senegal (L.) Willdenow or Acacia seyal (fam. Leguminosae). 

Gum Arabic consists mainly of high-molecular weight polysaccharides 

and their calcium, magnesium and potassium salts, which on hydrolysis 

yield arabinose, galactose, rhamnose and glucuronic acid. Items of 

commerce may contain extraneous materials such as sand and pieces of 

bark, which must be removed before use in food. 

C.A.S. number 9000-01-5 

Description Gum arabic (A. senegal) is a pale white to orange-brown solid, which 

breaks with a glassy fracture. The best grades are in the form of whole, 

spheroidal tears of varying size with a matt surface texture. When 

ground, the pieces are paler and have a glassy appearance. Gum Arabic 

(A. seyal) is more brittle than the hard tears of gum Arabic (A. 

senegal). Gum arabic is also available commercially in the form of 
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white to yellowish-white flakes, granules, powder, roller dried, or 

spray-dried material. 

IDENTIFICATION 

Test Specification 

Solubility 1gram dissolves in 2ml of water; insoluble in ethanol. 

Gum constituents Proceed as directed under gum constituents Identification using the 

following as reference standards: arabinose, galactose, rhamnose, 

galacturonic acid, glucuronic acid and xylose. Arabinose, galactose, 

rhamnose and glucuronic acid should be present. Additional spots 

corresponding to manose, xylose and galaturonic acid should be absent. 

Optical rotation Gum from A.senegal : aqueous solution are levorotatory  

Gum from A.seyal : aqueous solution are dextrorotatory 

Test a solution of 10% of sample (dry basis) in 100 ml of distil water 

(if necessary, previously filtered through a No 42 paper or 0.8 µm 

Millipore filter) using a 200-mm tube 

PURITY 

Loss on drying Not more than 15% (105° c, 5hr) for granular and more than 10% (105 

°c,4hr) for spray dried  

Ungrounded samples should be powdered to pass through a No 40 

sieve and mixed well before weighing 

Total ash Not more than 4% 

Acid – insoluble 

matter 

Not more than 1% 

Starch or dextrin Boil a 1gm in 50 solution of the sample, cool and add a few drops of 

Iodine T.S no bluish or reddish colour should produce 
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Tannin-bearing 

gums 

To 10 ml of a 1 in 50 solution of the sample, add about 0.1 ml of ferric 

chloride TS no blackish colouration or blackish precipitate should be 

formed 

Microbiological 

criteria 

Salmonella Spp.: Negative per test 

E. coli: Negative in 1g 

Lead Not more than 2mg/ kg. Prepare a sample solution as directed for 

organic compounds in the Limit Test and determine by atomic 

absorption spectroscopy 

Source: (JECFA-FAO, 1997, 1999) 

 

Commercially, Acacia senegal is the major source of gum arabic, as used in the process of 

emulsification in the production of beverages and flavour for the food industry (Al-Assaf & 

Phillips, 2009; Aoki, Al-Assaf, Katayama, & Phillips, 2007). Acacia seyal has similar uses, 

but possesses higher surface roughness compared to Acacia senegal arising from differences 

in chemical composition and structural properties. Aphibanthammakit et al. (2018) reported 

that differences between Acacia seyal and Acacia senegal films were demonstrated by the use 

of surface morphology and the measurement of contact angle  (Aphibanthammakit, Nigen, 

Gaucel, Sanchez, & Chalier, 2018). In addition, Acacia seyal molecules are more compact 

than those of Acacia senegal, which has less viscous dispersions (Elmanan et al., 2008; 

Hassan, Al-Assaf, Phillips, & Williams, 2005). 

 

Sudan's soils can be classified according to three geographic characteristics: the sandy soils 

(in the northern and west central areas), the clay soils (in the central areas), and the laterite 

soils (in the southern areas). The key soils are the clays in central Sudan, since when they dry 

out during the dry months, their permeability for irrigated cultivation is restored. While the 

soils in the west of the White Nile can be utilised to grow sorghum, sesame, peanuts, and 

cotton, the southern part of the clay soil area is poorly suited to crop production. In the 

southern part of Kordofan and the western part of southern Darfur, significant amounts of 

millet, peanuts and sesame crops can also be cultivated. The qoz sands are the principal area 

from which gum arabic is obtained through tapping of Acacia senegal.  
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2.3. Essential factors in gum arabic production 

2.3.1. Gum exudation 

 

Scholars and producers have investigated gum exudation in Acacia and other generations or 

species of the plant kingdom (Blunt, 1926; Hausfater, 1976). Furthermore, Blunt (1926) 

reported that the trees exude gum only when they are in poor health, as a result of insufficient 

soil moisture and nutrients. Furthermore, he maintains that an infection caused by bacterium 

on unhealthy trees is the cause of gum exudation, and that the organism is transported by 

insects and camels, as well as by the tools used for tapping the trees. On the other hand, Blunt 

(1926) also mentions that gum is a normal product of plant metabolism produced in response 

to physiological disturbances induced by drought. On the other side of the argument, 

Anderson (1993) reported that exudation of gum is stimulated by environmental conditions 

(for example drought) , mechanical injury to the bark, or invasion of the plant by 

microorganismsa gum is secreted from the tree as sticky syrup, which has colloidal 

properties, and it dries to form a clear yellow or brown glass; the gum nodule (Anderson, 

1993). The formation of the gum nodule then acts as a shield against loss of moisture or 

further microbiological attacks on the plant. 

 

 

2.3.2 Gum tapping tools and collection 

 

Gum tappers tap during two different periods. Early tapping is practiced from October until 

the end of November, while late tapping is carried out any time between December and 

March. This is true in water collecting sites or those trees defoliated by locusts or foraging 

animals. The production season of gum arabic is shorter for late tapping. It usually starts mid-

March until just before the onset of the rainy season. The expected and actual gum produced 

from late tapping is low compared to that of early tapping, according to some studies (M. E. 

Ballal, El Siddig, Elfadl, et al., 2005). However, this often results in excessive tapping where 

the farmer taps the tree in various positions which ultimately results in weakening the tree 

and subsequent death following strong winds or animal grazing.  

 

The first gum exudation takes place three weeks after tapping. Hot dry weather is needed for 

good yields since cold weather significantly decreases the yield of gum (Anderson, 1993). 

After the first picking, the gum is collected in a series of pickings. The peak of production is 
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achieved at the second and third picks which are usually between mid-January to early 

March. To tap a gum tree, the blade of a small axe or Sonki (bayonet) is pushed under the 

bark of the branch (Figures 2.2 and 2.3). The blade is pulled back causing a wound about 2-5 

centimetres wide and up to one metre long. The Sonki is widely used in the White Nile, north 

Kordofan and South Darfur (Figure 2.4). 

 

 

 

Figure 2.2. The initial stage of tapping using an axe 

Image is author’s own 

 

Figure 2.3. The second stage of tapping where the bark is  

pulled from the stems of branches of Acacia tree. 

Image is author’s own 
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Figure 2.4 – The Sonki used in the White Nile, north Kordofan and south Darfur 

Source: (Hamouda, 2017). 

 

 

However in the Blue Nile, Kordofan and North Darfur the small bladed axe is more 

commonly used. The average life of the tree is significantly decreased as a result of the injury 

caused by the axe. For example, the gum tree was found to die between the ages of 7 and 14 

years in the areas using the traditional axe rather than the Sonki (M. E.  Ballal, 1991). The 

Acacia senegal tree is ripe for tapping after a dormancy period, following the growing season 

after the end of rainy season. The exact time depends on whether the rains end early or late. 

The best time for tapping is usually judged by the shedding of leaves and the change in 

colour of bark (M. E.  Ballal, 1991). This is true in the eastern region in Sudan (for example, 

Gadaref) whereas in the western regions (examples Kordofan and Darfour) the tapping starts 

when the trees still show green leaves as shown in Figures 2.2 and 2.3.  

 

2.3.3 Techniques and equipment in gum arabic production 

The techniques and equipment used in the production of gum arabic are very traditional since 

there are only two elements to the operation; the tree and the person. This production process 

has resulted in considerable damage to the trees because of bad tapping and lack of 

knowledge, since the person who taps the trees is not always the owner. Many people work 

on a partnership basis (one third or one fourth of the production). Accordingly, there is a 

conflict of interests because the workers might be interested solely in the quantity of the 
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harvest. However, modern researches have not discovered any new equipment that can 

guarantee reasonably good quality and save trees from the exhaustion caused by continuous 

tapping since the literature indicates that managing the tapping date may be a key to ensure 

higher gum yield. In addition, a cleaver tool such as a sonki, a type of axe, has become 

popular in the field. 

 

In relation to a sonki, Adam et al. (2012) research was aimed at determining the most 

productive ways of tapping Acacia seyal (Adam et al., 2012). He investigated the effect of 

tapping tools (such as makamaks, axes, mohfars, or sonkis); the position of tapping (such as 

lower stem tapping of 0–50 cm, middle stem tapping of 50–100 cm, higher stem tapping of 

100–150 cm, or branch tapping); the date of tapping (such as 1st November, 15th November 

or 1st December); and the intensity of tapping (such as 2, 4, 6 or 8 branches). Adam et al. 

(2012) found that the correct choice of tapping tool made a significant difference to gum 

yield: productivity using axes (Figure 2.5), or sonkis (Figure 2.6) was respectively 58%, 60%. 

 

 

Figure 2.5. Gum tapping uses axes. Axes are traditional tools, that are used for gum tapping. 

Axes are not safe for the tree because they may occasionally go deeper and injure the tree. 

This practice has become lesser and lesser due the extension work. 

Image is author’s own 
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Middle stem tapping was also shown to produce higher gum yield than the other positions 

tested, though interactions between the tapping tools and the position of tapping did not 

significantly affect yield productivity. Lastly, the tapping date also had a significant effect on 

the amount of gum production, with the highest yield produced on the 1st November. 

Conversely, tapping intensity showed no significant effect on gum productivity, so a tapping 

intensity of two to four branches is recommended to minimise damage. 

 

 

 

Figure 2.6. Gum tapping uses sonkis. Sonki is the tool that used for gum tapping. 

It has been recommended by researchers and foresters as a 

safer tool and more productive compared to the axe. It can also reach higher branches. 

Image is author’s own 

 

 

Usually, the stem and branches of Acacias are considered as having four sides. Each year, 

one side is tapped, which means that each side is only tapped once every four years. 

However, some workers, like those who work on partnership basis, disregard this tapping 

rule. They might tap all four sides, or the same areas as the previous season. There are two 

ways to determine the place of tapping. The upper part of the tree is called the “garment” and 
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the lower part is the “trouser”, which is locally known as the “jibba” and “sirwal” 

respectively. When the person who approaches the tapping is the owner of the tree, he usually 

scratches one of those two parts alternatively each season. However, if the person who taps 

the tree is not the owner, he usually taps the two parts (the garment and the trouser). This 

production process is too exhausting for the tree, particularly when tapping is done repeatedly 

on the same side of the stem or the branches. 

 

The literature (ElKhawad., 2008 ) noted that annual yields from young trees ranged from 188 

to 2856 grams, while those from older trees went from 379 to 6,754 grams. However, within 

the tree belts in Gadaref, some trees produced on average only 500 grams, and while some of 

the trees in this area produced 1200 grams, others gave nothing. So, in reality, gum arabic is 

not an agricultural crop that harvests dependably like sorghum, sesame or wheat, but factors 

such as heat, wind speed, light intensity, average rainfall, and soil type can all adversely 

affect gum productivity. 

 

It is also known that Acacia senegal and Acacia seyal resist drought. However, it has been 

noted that over-irrigation or prolonging of the rainy season both delay the leaf shedding, 

which is considered as a basic indicator that the tree is preparing itself for the dry season, thus 

responding to tapping by secreting gum to heal the wounds. On the other hand, a good rainy 

season keeps farmers busy in other agricultural operations such as harvesting sorghum, 

peanuts and other cash crops, thus making gum collection a secondary activity. Tapping is 

usually in its best situation in poor seasons, since farmers try to compensate what they lost in 

the traditional crops (Figure 2.7). 

 

The decisive factor in the production of gum arabic is the quality of workers themselves. 

Usually they are called “Jannana” (gardeners). Jannana come from Darfur and Kordofan, and 

are well experienced in the gum arabic production. They have accumulated a lot of 

knowledge manifested in their cultural behaviour. There is not any official or non-official 

establishments that have tried to collect, write and document that culture. It seems that with 

the passing years and migration from rural zones towards urban towns, this culture might 

disappear. It should also be noted that the most skilful Jannana were those in their 50s.  
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Figure 2.7. Gum Collection 

The producer is collecting gum arabic from the tree and keeps that gum in a container. 

That container is especially designed for gum arabic collection. 

Image is author’s own 

 

 

The decisive factor in the production of gum arabic is actually the welfare of the workers and 

gardeners: increasing workers’ welfare is envisaged to higher productivity and therefore gum 

yield. Higher incomes also promote economic development and secure rural livelihoods; they 

empower vulnerable groups, including women, and promote synergies with local gum arabic 

companies. Unfortunately, many of the most skilful and specialised gardeners are in their 50s.  
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There are other factors that affect the production of gum that are linked to temperature. 

Tapping usually begins late in October and carries on until the beginning of December, when 

temperatures are low. Gum should be collected at midday since high temperatures help liquid 

gum to flow and replace the collected gum. For this reason, the tree gives what is usually 

called the second picking. If gum is collected at dawn or early morning, the cooler breezes 

solidify the gum, thus giving no second picking. Some scientific researchers consider that 

there is another catalyst such as the garaha insect or cerambycidae (Wong, Nagata, 

Christopher, Salazar, & Dale, 2005), which is believed to secrete a substance that make 

significant damage to the trees. While, low quality gum is usually a result of storage of the 

collected product before drying in plastic sacks (Figures 2.8 and 2.9). This low quality gum 

can still be used for applications that require short term emulsion stabilisation such as 

encapsulation but fail other demanding applications such as long term emulsification of oil in 

water emulsion typically employed in the beverage industry.  

 

 

 

Figure 2.8. Blocked Gum (Low quality) 

This kind of gum is resulted from putting and carrying fresh gum in plastic bags and 

subsequently packed in jute bags while still with high moisture content. This fresh gum needs 

to be well dried in the shade with a good ventilation area before being packed in the bag. 

Moreover, crushing and cleaning is highly needed with time consuming issue. 

Image is author’s own 
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Figure 2.9. Reddish Gum (Low quality) 

Reddish is a kind of gum that has not been stored in a shaded area with bad ventilation 

conditions. It is considered to be of lower quality gum. 

Image is author’s own 

 

 
Often, farmers do this to avoid volume and weight loss caused by loss of humidity. 

Unfortunately, this leads to the hardening and clumping of gum. Such gum turns into hard 

rocks in the processing stage, and its quality decreases when classified for different categories 

(pure HPS, cleaned, kibbled, stiffing). However, if the production is not managed properly, 

this badly handled gum would give great losses in processing and mechanical handling of 

different degrees (kibbled crystal, mechanical and spray dried). 

 

 

2.4. Processing and grading of gum arabic 

 

Historically, gum arabic was sold in its natural state with little processing. However, in recent 

years significant improvements in the handling and processing of gum arabic have been 

introduced to this industry. In general, upon the arrival of gum shipment to processing factory 

in Sudan the gum is cleaned to remove dirt, bark, sand and impurities (Figure 2.10 and 2.11). 

Then, gum arabic can be processed into the final products to be sold in the market. The 

processes include kibbling (Figure 2.12), which makes uniform kibble size pieces of various 

size, granulating, powdering (Figure 2.13). Subsequently, the processed gum is labelled with 
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a unique code (Figure 2.14) and then tested to confirm the specification (Figure 2.15). Lastly, 

the batch is then packed in bags clearly labelled and then stored in specifically designated 

stores prior to shipment worldwide (Figure 2.16).  Approximately half of the production of 

gum arabic is in spray-dried form and typically processed in Europe and the USA.   

 

 

 

Figure 2.10. Gum Cleaning and Sorting  

The gum in the factory is subjected to cleaning and sorting by well-trained technical staff. 

Image is author’s own 

 



44 
 

 

Figure 2.11. Impurities of Gum 

There are a number of impurities found in the gum brought by the gum producers. Those 

impurities include small branches, parks, thorns, grasses, plastic bags and dirty because of 

different sizes of impurities attached to gum nodules. They are considered to be unnecessary 

(adding weight). 

Image is author’s own. 

 

 

 

Figure 2.12. Kibbling machine at Nopec Gum Factory, Khartoum, Sudan. 

Image is author’s own 
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Figure 2.13. Gum Cleaning and Sorting. 

The gum in the factory is subjected to cleaning and sorting by well-trained technical staff. 

HPS mean ‘hand picked selected’ and this grade commands the highest price. KC means 

‘Kordofan cleaned’. Kibbled gum of various sizes is obtained using different mesh size filters 

during the process of kibbling using mechanical crushers. 
Image is author’s own 

 

 

 

Figure 2.14. Nopec Factory’s Traceability Systems 

Nopec Gum Factory has established a system for tracing, recording and keeping samples for 

all batches of gum being received from the production areas. 

Image is author’s own 
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Figure 2.15. Nopec Gum Factory’s analytical equipment 

for measuring the colour and optical rotation. Source: Image is author’s own 

 

 

 

 

Figure 2.16. Storage of gum Arabic batches prior to shipment. 

Picture taken at Nopec Gum Factory’s Storage Facility, Khartoum (Sudan). 

Image is author’s own 
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2.5. Current status of the gum arabic industry in Sudan 

 

There has been a sharp increase in the number of companies trading and processing gum 

Arabic in Sudan following the collapse of the Gum Arabic Company in 2011.  The list of 

companies and factories working in the processing and trading of Gum Arabic in Sudan as of 

October 2018 according to the Gum Arabic Board (Sudan) is given below. It should be noted, 

here, that these companies while offer gum Arabic in crude or processed form (kibbled or 

mechanical powder) have different capabilities regarding quality control and assurances. 

However, in recent years there has been a keen interest by these companies to enhance their 

provision to provide quality materials to their buyers through providing assurance about 

quality and ability to supply according to the specification required. This is explained in 

detail in the following section.  

 

1. Afritech Ingredients for Gum Arabic – Soba Khartoum 

2. Nopec Natural Gums Factory – Soba Khartoum 

3. Um Al-Qura Gum Arabic Factory – Soba Khartoum 

4. Elanan Trading, Exports and Imports Ltd – Khartoum 2 

5. Refabi for Gum Arabic Processing – Amarat Khartoum 

6. AlBakry Factory for Gum Arabic Packing and Processing – Soba Khartoum 

7. Africorp International – Khartoum  

8. Platinum for Developments and Investments – Amarat Khartoum 

9. Khartoum Gum Arabic Processing Enterprises – Khartoum 

10. Kintra for Advances Business – Amarat Khartoum 

11. Omer Mohamed for Import and Export – Khartoum 

12. United Family for Advanced Business Co. Ltd 

13. The Khartoum Gum Arabic Processing Company – Port Sudan 

14. Bashab Gum Arabic Processing Factory – Soba Khartoum 

15. Dangate Danjadeed for Gum Arabic Tech. – Khartoum 

16. DMN Agri-Products factory for Gum Arabic – Omdurman 

17. Henelie Industries Co. Ltd (Spray Drying) – Soba Khartoum 

18. Massaie Factory for Gum Arabic Processing and investments – Soba Khartoum 

19. El- Musharaf Group for Food Industries – Khartoum 
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20. El-Gezira Imports and Exports – Soba 

21. AL-Nasr Company for Industry and Trading – Khartoum 

22. Alfa Agricultural Processing – Khartoum 

23. Dar Savannah ltd. For Gum Arabic Processing 

24. Dal Group for Food Industries – Khartoum 

 

2.6.  Quality requirements by importers/processors and end users 

 

As noted in Table 2.1 (section 2.2.2) the definition and specification of gum arabic are mainly 

driven by the recommendations made by the Joint Expert Committee on Food Additives 

(JECFA) (FAO, 1990, 2016). All importers unanimously request that the JECFA specification 

to be followed by the suppliers / producers in Sudan. However, very few companies are able 

to follow all the tests given in the above mentioned specification and therefore their ability to 

provide certificate of analysis vary greatly. This is clearly shown in the examples given in 

Figures 2.17 - 2.19 obtained from three Sudanese companies. The examples show that all 

exporters can provide the minimum requirements and provide data for % loss on drying 

(moisture content), optical rotation, pH and total ash. In doing so, they can confirm the 

following: 

 

- % loss on drying is below 15% and therefore the gum will be suitable for further 

processing without causing difficulties (see Figure 2.8).   

- Optical rotation to demonstrate the type of gum variety (i.e. Acacia senegal or Acacia 

seyal). This is an important parameter since the price vary significantly for each 

variety as well as the application (see section 1.1). The average price for Acacia seyal 

is ~ $800/MT while Acacia Senegal is ~$2,500/MT. This parameter can also reveal if 

the two varieties are mixed within one shipment. 

- % ash is less than 4% which gives the assurance that the gum nodules have been 

cleaned and there are no impurities such as sand, bark etc.  

- pH to demonstrate the sample conforms to the specification which is in the range of 

4.1 – 4.8. This is applicable for both varieties (i.e. Acacia senegal and seyal).    

 

The examples given in Figures 2.17 and 2.18 for Nopec Natural Gum Factory and Um-Al 

Gura demonstrate that these two companies are able to provide additional parameters such as 
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colour and viscosity. These two parameters are not part of the JECFA specification but 

specifically requested by the international buyer (broker or processor) in order to meet his 

clients (end users) specification and supply gum samples suitable for certain applications. 

The drive to add value has prompted gum arabic companies in Sudan to invest in establishing 

quality control system in order to guarantee the gum supply and attract buyers in a 

competitive market.  

It should be noted here that there are many other companies trading in gum arabic in Sudan 

as described in section 2.5 which lists 24 companies but not all are members of the AIPG, 

and in some cases do not even have the capability to perform the basic tests in house. These 

trader companies mainly deal with gum Arabic as a commodity in order to obtain hard 

currency that they can use to operate their business which often involves other products or 

services. All exporters in Sudan, irrespective of their ability to supply certificate of analysis, 

must provide a certificate of analysis from the Sudanese Standards and Metrology 

Organisation (SSMO). This certificate is required as part of the shipping documents and an 

example is shown in Figure 2.20. The following parameters, measured according to the 

procedures/methodologies given already in Table 2.1, are reported in the SSMO report: 

 

- % loss on drying (moisture content) 

- Optical rotation 

- Solubility in water  

- Solubility in Ethanol 

- Starch or dextrin presence 

- Tannin presence 

 

In recent years, gum arabic producers/processors in Sudan have also invested in staff training 

as well as establishing a link with independent laboratories. These independent laboratories, 

such as the Hydrocolloids Research Centre (UK), provided further support in order to meet 

specific structural and functionality testing criteria that are not possible to undertake in Sudan. 

These additional measurements are typically required by end user companies. An example of 

this certificate of analysis, issued by an independent laboratory, is shown in Figure 2.21. Figure 

2.21a initially list the JECFA parameters (i.e. moisture content, optical rotation, solubility, 

tannin etc) then gives additional tests for the determination of the structural parameters (i.e. 

molecular weight parameters) and emulsification testing using a model beverage emulsion 

recipe. Figure 2.21b shows the profile (finger print) as determined by gel permeation 
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chromatography linked to multi angle laser light scattering detector, refractive index and UV. 

Also shown in Figure 2.21b the droplet size distribution before and after accelerated stress 

testing. The certificate based on the parameters listed above, specifically emulsification is 

graded according to (i) Grade 1 emulsifier, (ii) average or (iii) poor emulsifier.  

This type of link has been demonstrated to be useful for gum exporters in Sudan to attract 

and/or deal directly with end users worldwide.  

 

 

 

Figure 2.17. Certificate of analysis for gum Arabic batch (200MT) supplied to 

importer/processor based in the EU. 
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Figure 2.18. Certificate of analysis for gum Arabic batch (110MT) supplied by exporter 

company based in Sudan to importer/processor based in the EU. 
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Figure 2.19. Certificate of analysis for gum Arabic (Acacia seyal) batch (115MT) supplied by 

exporter company based in Sudan to importer/processor based in the EU. 
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Figure 2.20a. Page 1 of the Certificate of analysis report supplied by the Sudanese Standards 

and Metrology Organisation for Acacia seyal batch.   
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Figure 2.20b. Page 2 of the Certificate of analysis report supplied by the Sudanese Standards 

and Metrology Organisation for Acacia seyal batch. 
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2.21a. page 1 of the Certificate of analysis provided by an independent laboratory. 
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Figure 2.21b. Page 2 of the Certificate of analysis provided by an independent laboratory.  
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2.7.  Supply chain and hierarchy in the Gum Arabic Industry in Sudan 

Figure 2.22 gives a summary of the supply chain and hierarchy starting from farmers/collectors 

to export (Elrayah et al., 2012).  Farmers and nomads are involved in gum tapping and 

collection and are typically in contact with either village merchants as well as middlemen and 

middle traders. Those middle traders and middlemen/agents sell the gum to big traders where 

the task of cleaning and grading is undertaken. Only few big farmers, some middlemen and 

middle traders can sell in auctions. Typically, the task of transporting the gum to auction is 

undertaken by the big traders who sell the gum to processing and exporting companies. 

Processing and export cycle where the big companies and exporters have to sort and re-cleaning 

the gum, sorting, grading, processing, repacking and strict quality control measures as detailed 

in the previous sections. It could be argued here that in each cycle there is a crisis point which 

could result in significant impact on the quality of the material. For example the image shown 

in Figure 2.8 is the result of poor storage and initial handling by the big trader prior to supplying 

to gum processors. As the image clearly shows that the entire quantity in the bag (~100Kg) has 

stuck together and solidified as a result of gum nodules being fresh with high moisture content 

(~20%). Subsequently, these bags could have been stored in high stacks which could force the 

soft nodules on the bottom rows to be the worst affected. Similar crisis point is also applicable 

throughout the cycles identified in Figure 2.22 and mainly due to poor handling and storage. 

However, the most significant point in the entire process is the exposure to direct rain while in 

transport. For this reason extra caution is undertaken to fully cover the shipment prior to export 

through Port Sudan. Furthermore, companies nowadays prefer to hire the container and pay the 

expenses of transport to Khartoum where the majority of processing factories are based. This 

extra measure is purely to ensure the safe delivery to the Port as well as to ensure the packaging 

and shipments are fully inspected by the supplier company prior to export.   
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Figure 2.22. Flow chart to outline the Supply chain and hierarchy in the gum Arabic industry 

in Sudan (Elrayah et al., 2012)  

 

2.8. Summary 

 

In summary, this chapter presents a detailed discussion on Sudan, its population and 

vegetation zones. It also discusses gum arabic production and provides a brief history of gum 

arabic in Sudan, including the essential factors involved with gum arabic production, such as 

gum exudation, gum tapping tools, collection techniques and equipment required for 

processing and grading of gum arabic. Finally, it concludes with the current status of the gum 

industry in Sudan and descibes in detail the process of the current quality control system 

required by importers/international users and that required by the Sudanese Standards 

Metrology Organisation (SSMO). 
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3.1. Introduction 

 

This chapter outlines the research methods employed to analyse both primary and secondary 

data in Chapters 4 and 5. Two types of primary data were used. The first – from open-ended 

questions (interviews) and closed-ended questions (multiple-choice survey questionnaires). 

While secondary data regarding national gum arabic production was obtained from the 

Central Bureau of Statistics (Sudan) and Gum Arabic Board (GAB). Correspondingly, 

several research methods were used to analyse the collected data as indicated in Figure 3.1. 

 

The second type of primary data was generated from the analytical data which was obtained 

from the quality control laboratory at Nopec QC Laboratory (Khartoum, Sudan) and from the 

Hydrocolloids Research Centre at the University of Chester. These data give detailed 

information about the sample origin, production, processing, labelling from four years of 

production from 2013 to 2016. 

 

 

3.2. Survey questionnaires 

 

As mentioned above, the primary data was collected through survey questionnaires for 

statistical analysis. Survey questionnaires are a written set of questions was used to collect 

information from potential participants for this study. Open-ended (interview) questions were 

also used to gather information on gum arabic production. There are several advantages for 

using survey questionnaires, as follows: 

 

 Survey questionnaires possess validity depending on the design, which means that the 

findings truthfully represent the phenomenon the study is claiming to measure 

(Bryman, 2015). 

 Survey questionnaires are a very cost-effective way of determining respondents’ 

opinions, thoughts and wants, as they can be delivered by post, telephone and online 

(Bryman, 2015). 

 Survey questionnaires are a non-invasive method of collecting data or information 

compared to other types of data collection, such as direct interviews.  
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 Survey questionnaires are more efficient (less time consuming) by giving the 

respondents multiple-choice answers (Bryman, 2015). 

 

 

3.2.1. Design and selection 

 

In terms of research design and selection, the primary data were collected by asking the 

respondents to answer closed-ended questions (multiple-choice survey questionnaires). Then, 

the survey questionnaires were analysed using both descriptive statistics and inferential 

statistics such as means, variance and correlation analysis. 

 

Descriptive statistics were employed to provide descriptions of the population, in this case the 

respondents, such as ‘How many respondents completed the survey questionnaires?’, ‘How 

were the respondents selected and what sampling strategy was used?’, ‘How many 

respondents were female?’, ‘How many respondents were male?’ and ‘What were the 

respondents’ demographic characteristics?’. 

 

Descriptive statistics also provided the population description using figures, graphs and 

tables. While inferential statistics analysed the data further by making inferences about the 

survey to answer the following questions: ‘Is there any correlation between the respondents’ 

opinions and their demographic characteristics?’ and ‘Are more educated respondents more 

productive than less educated ones?’ etc. 

 

In terms of respondent selection, a chain-referral (snowball) sampling technique was used in 

this study. A chain-referral (snowball) sampling technique is a non-random sampling 

technique, where initial and existing respondents recruit future respondents from amongst 

colleagues, network and friends. By employing this sampling technique, more respondents 

were recruited, thus optimising for a maximum response. In any research, more samples are 

preferred. More data can be collected as the number of respondents increases, which is useful 

for producing more robust findings (Bryman, 2015; Lewis-Beck, Bryman, & Futing Liao, 

2004; Patten, 2008). 

 

Since the study uses using a chain-referral or snowball sampling technique, accordingly 

respondent samples may not be representative of the overall Sudanese labour farmer 
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population as a whole. That is, we cannot generalise the results of this study to other places or 

times (the aspect of limited generalisation). However, using snowball sampling has 

encouraged a variety of labour farmers and managers towards more heterogeneous samples 

and opinion to warrant more responses and more robust conclusions. 

 

Overall, the research design and sampling selection, as described above, can be summarised 

in Figure 3.1 below 

 

 

 

Figure 3.1. Data types, data source, data collection and data analysis. 

 

 

As well as the above discussion on research methods, Section 3.2.6 explains further data 

analysis Spearman and Pearson correlation coefficients and p value including SPSS 

instructions and step-by-step SPSS commands to implement correlation analysis, an 

independent-samples t-test, a one-way ANOVA, regression analysis and other statistical 

procedures. 
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3.2.2. List of survey questionnaires 

 

The original list of survey questionnaires are presented in Table 3.1 which was given to the 

respondents.  

 

Table 3.1 - The survey questionnaires used in this study 

 
Questionnaire 

1- Demographic information:  

1.1 Gender: 

    a) Male             b) Female  

 

1.2. How old are you? 

 

      a) Less than 20 years 

      b) 20- 25 years 

      c) 26-30 years 

      d) 31-35 years 

      e) 36- 40 years 

       f) 41- 45 years 

       g) 46- 50 years 

       h) More than 51 years 

 
2- How long you worked in the gum Arabic industry or related 

industries? 

 

a) Less than 3 years 

b) More than 3 years 

c)            More than 5 years 

d) More than 10 years 

e) More than 20 years 

 

3- What is your education level? 

 

a)           No formal education  
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b)      Primary school 

c)           Secondary school 

d) University degree 

e) Post-graduate degree 

 

4- On what bases do you work in the gum industry or related industry? 

 

a) Full time 

b) Part-time (only during the season) 

c) Only on call 

d) Not applicable  

 

5- Which tree from the list below can produce gum Arabic in Sudan?  

(You can choose more than one answer) 
 

a)      Balanite aegyptiaca ( Higleeg or Laloub) 

b)      Acacia senegal (Hashab) 

c)     Acacia seyal (Talha) 

d)     Not sure 

 
6- Tick the states that you think are producing Gum Arabic. 

 

a) El Gaziera 

b) North Kordofan 

c) The River Nile 

d) Blue Nile 

e) Not sure 

 

7- Do you know other states which also produce gum Arabic? 

 

a) yes 

b) No 

c)  Not sure 

 
8- Which one of these is the main auction market for gum in Sudan? 

 

a)  Kassala 



65 
 

b) El Obeid 

c)         Sennar 

d) Eldamazeen    

e) Not sure 

 

 

9- Are you familiar with tools such as axes and “Sonki” which are used 

to tap the trees so that the gum can exudate?  

  

a)  yes 

b)  No 

c)  Not sure 

 

10- Beside the axes and “Sonki” for tapping do you know any other 

tools which can be used for tapping?  

a) Yes 

b) No 

c) Not sure 

11- Can you differentiate between Hashab and Talha Gums? 

a)  Yes 

b)  No 

c) Not sure 

 

12- Do you know the name of other gums produced in Sudan? 

a) Yes 

b)  No 

c) Not sure 

 
13- The season of gum harvesting is considered to be successful when... 

(you can tick more than one answer) 

 

a)  The rain starts early and continous without stopping 

b)  No pests 
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c)   High Production reaching the market   

d)  Not sure 

 
14- Which of these pests listed below can affect gum production? 

a)  Tree- locusts 
b)   White ants  

c)   Desert Locusts 

d)  Not sure 

 
15- Do you use gum Arabic in your daily life whether in food or 

drinks? 

a) Yes 

b) No 

c)  Not sure 

16- Have you ever used gum Arabic in your food or drinks? 

a) Yes 

b) No 

c)  Not sure 

17- Which of these industries are using gum Arabic? 

   

a) Medicine and Beverages 
b) Cosmetics and Paints 

c) Confectionary 

d) Not sure 

 
18- Do you think the soil degradation has negative effect on gum 

production and quality? 

 

a) Yes  
b) No 

c) Not sure 
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19- Do you agree that the entrance of many companies in the gum 

business can have positive effect in the productivity and quality of 

gums?  

 
a) I agree   
b) I disagree 

c)  I cannot   decide 

 

20- Do you agree that the Micro Finance Policy will help the gum 

producers and stop the “Sheil System”? 

 

a) I agree 

b) I disagree 

c) I cannot decide 

 

21- Do you agree that provision of water, health and education 

services will encourage gum producers to stay in their area which 

can help the sustainability of this industry? 

 

a) Yes 

b) No 

c) Not sure 

 

22-  Women working in the gum industry are mainly in the area of? 

22.1 - Cleaning and sorting gums. 

 

a) I agree 

b) I disagree 

c) I cannot  decide 

 

 
22.2 - Packing and labeling gums. 

 

a) I agree 
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b) I disagree 

c) I cannot  decide 

 

23- Gum-processing is a professional job which requires certain skills- 

How did you learn your skills?  

 

a) Because most of my families  have been in the gum industry and I  

learned from them 

b) I learned by practice 

c) Not sure or Not applicable 

 

24-  The quality of gum is related to: 

 

24.1- Colour of nodules  

a) I agree 

b) I disagree 

c) I cannot  decide 

 
24.2- Time of tapping. 

a) I agree 

b) I disagree 

c) I cannot  decide 

 
24.3- Storage and handling. 

a) I agree 

b) I disagree 

c) I cannot  decide 

 
24.4- How clean gum is. 

a) I agree 

b) I disagree 

c) I cannot  decide 

 
24.5- Time of collection. 
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a) I agree 
b) I disagree 
c)  cannot  decide 

 
24.6- Size of nodules. 

 

a) I agree 

b) I disagree 

c) cannot  decide 

 
25-  In some production areas they use fire to clear the bush and 

make it possible to reach the gum tree. Do you think this practice 

affects gum quality produced from such areas?  

 

a) Yes 

b) No 

c) Not sure 

 
26- Which is the best and most used method to dry the gum after 

collection  

 

a)  Directly under the sun 

b) In the shade  

c) I cannot  decide 

 
27-  Used sacks for Sesame, ground- nuts, hibiscus or sorghum have 

negative effect on the quality of gums? 

 

a) I agree 

b) I disagree 

c) I cannot  decide 

 
28-  Do you know about the best method for collecting and storing gum 

Arabic? 

 

a) Yes 

b) No 

c) Not sure 
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29- Have you attended any workshop or training course on how to 

handle and deal with gum Arabic according to the recommended 

procedures? 

 

a) Yes 

b) No 

c) Not sure 

 

30-  Do you agree that your answers on the above questionnaires will 

be evaluated and will form part of my thesis which I plan also to 

publish in an international Journal?  

 

a) Yes 

b) No 

c) Not sure 
 

 

This above questionnaires present the original questions, while Table 3.2 below presents 

modified questions. There were originally 30 questions, which were then modified, for use 

with SPSS software, into 57 questions, as the original questions had several possible answers 

and SPSS software is only able to have one answer to each question. Hence, if a question has 

more than two answers, a combination can be created in SPSS software. While, the detailed 

procedures with the justification for the design of the questionnaires were explained in 

Section 3.7 below. 
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Table 3.2 - 57 Multiple-Choice Questions (SPSS Survey Questionnaires) 

 

 

1) What is your gender? 

2) How old are you? 

3) How long have you worked in the gum arabic or related industry? 

4) What is your educational level? 

5) What is your employment status in the industry? 

6) Balanite aegyptiaca (higleeg or laloub) can produce gum arabic in Sudan. 

7) Acacia senegal (hashab) can produce gum arabic in Sudan. 

8) Acacia seyal (talha) can produce gum arabic in Sudan. 

9) I am not sure which tree can produce gum arabic in Sudan. 

10) El Gaziera area is producing gum arabic. 

11) North Kordofan area is producing gum arabic. 

12) The River Nile area is producing gum arabic. 

13) Blue Nile area is producing gum arabic. 

14) I am not sure which area is producing gum arabic. 

15) Do you know other areas or states, which produce gum arabic? 

16) Kassala is the main auction market for gums in Sudan. 

17) El Obeid is the main auction market for gums in Sudan. 

18) Sennar is the main auction market for gums in Sudan. 

19) Eldamazeen is the main auction market for gums in Sudan. 

20) I am not sure where the main auction market for gums in Sudan is. 

21) Are you familiar with the tools such as axes and 'Sonki', which are used to tap the trees so 

that gum can exudate? 

22) Beside axes and Sonki, do you know any other tools, which can be used for tapping? 

23) Can you differentiate between Hashab and Talha gums? 

24) Do you know the name of other gums produced in Sudan? 

25) The season of gum harvesting is considered to be successful when the rain starts early and 

continuous without stopping. 

26) The season of gum harvesting is considered to be successful when no pests. 

27) The season of gum harvesting is considered to be successful when high production reaches 

the market. 

28) I am not sure when the season of gum harvesting is considered to be successful. 

29) Tree locusts (pests) can affect gum production. 

30) White ants (pests) can affect gum production. 

31) Desert locusts (pests) can affect gum production. 

32) I am not sure which pests can affect gum production. 

33) Do you use gum arabic in your daily life whether in foods or drinks? 

34) Have you ever used gum Arabic in your foods and drinks? 
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35) The industry of medicine and beverages are using gum arabic. 

36) The industry of cosmetics and paints are using gum arabic. 

37) The industry of confectionary are using gum arabic. 

38) I am not sure which industry is using gum arabic. 

39) Do you think the soil degradation has negative effect on gum production and quality? 

40) Do you agree that the entrance of many companies in the gum businesses can have positive 

effect in the productivity and quality of gums? 

41) Do you agree that the Micro Finance Policy will help the gum producers and stop the "Sheil 

Systems"? 

42) Do you agree that provision of water, health and education service will encourage gum 

producers to stay in their areas, which can help the sustainability of the industry? 

43) Women working in the gum industry are mainly in the area of cleaning and sorting gums. 

44) Women working in the gum industry are mainly in the area of packing and labelling gums. 

45) Gum processing is professional job, which requires certain skills. How did you learn the 

skills? 

46) The quality of gum is related to colour of nodules. 

47) The quality of gum is related to time of tapping. 

48) The quality of gum is related to storage and handling. 

49) The quality of gum is related to 'how clean the gum is'. 

50) The quality of gum is related to time of collection. 

51) The quality of gum is related to size of nodules. 

52) In some production areas, the use fire to clear the bush and make it possible to reach the 

gum tree. Do you think this practice affects gum quality produced from such areas? 

53) Which is the best and most used method to dry gums after collection? 

54) Used sacks for sesame, ground nuts, hibiscus or sorgum have negative effect on the quality 

of gums. 

55) Do you know the best method for collecting and storing gum Arabic? 

56) Have you attended any workshop or training courses on how to handle and deal with gum 

Arabic according to recommended procedure? 

57) Do you agree that your answer on the above questionnaires will be evaluated and will form 

part of my research, which I plan also to publish in an international journal? 

 

 

The questions were originally designed in English and translated into Arabic for the 

respondents in Sudan. Following relevant literature (Munday, 2012; Pym, 2014), two types of 

translation method were used to validate the translated questionnaires and interviews: (a) 

linguistic validation and (b) cultural validation. 
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For the linguistic validation, the survey questionnaires were first translated from English into 

Arabic by the researcher. Next, the Arabic version of the survey was translated back into 

English by another researcher. A comparison was then made to validate the accuracy and 

preciseness of the translation wording to minimise the interpretive biases of the respondents. 

This process is known as the concept of linguistic equivalence in a survey-questionnaire 

validation. 

 

While cultural validation involves mapping the concepts from the original questions in 

English onto the target culture (Arabic cultures – Sudanese respondents) for appropriateness 

of wording, potential misinterpretation due to different ways of thinking, etc. By combining 

both linguistic and cultural validation in survey translation, optimal validity and minimised 

bias can be achieved to ensure the research questions are answered more efficiently. 

 

 

3.2.3. Reasons for the questions 

 

The survey questionnaires can be divided into two parts as follows: 

 

 The first part asks about the respondents’ demographics, such as gender, age, length 

of time working in the industry, education and employment status. 

 The second part asks about respondents’ knowledge of gum arabic and general local 

practice. 

 

There are several reasoned justifications for asking particular questions as explained below. 

 

Question no, 1 (the respondent’s gender) 

This question asks the respondent’s gender. This information is required to analyse the 

gender composition in relation to the majority of the work force. In gum arabic production, 

men typically involved in tapping and collecting the gum due to the nature of the task, which 

is hard or manual work that involves working under direct sun within thorny branches for a 

considerable length of time that could be up to 2-3 weeks. Female workers in the gum arabic 

production play a significant role in a number of important activities such as the cleaning and 

sorting of gums, in which female workers are very conscientious in carrying out the work 
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perfectly and according to schedules. Additionally, this task is localised and does not involve 

travelling. 

 

Question no. 2 (the respondent’s age) 

This question is important for planning purposes in the gum industry. For example, if a 

worker is aged over 30 years, he or she can be strategically optimised to train younger 

workers. This leads to long-term sustainability of the job for the industry. It is known in the 

industry that the income of daily, irregular or part-time workers in the industry is relatively 

low compared to that of permanent or full-time workers. Moreover, most of the younger 

workers (aged 20 to 30 years) tend to leave their villages to obtain better-paid jobs. 

Consequently, this migration of younger workers has an overall negative effect on gum 

production in Sudan. Although young workers lack experience, they are easier to train and 

they are eager to excel and young workers can offer a cost-effective way to grow a stronger 

workforce in gum arabic production. 

 

Question no. 3 (the length of time the respondent has been working in the industry) 

The length of time the respondent has been working in the industry, which is also known as 

the ‘periods of work’, is important to evaluate the respondent’s productivity pattern. It is 

expected that the longer the periods of work working in gum arabic, the more experienced the 

respondents are and the higher the respondents’ productivity and output because of 

specialization. Hence, the most important advantage of older worker is experience. These 

experiential assets then can be used to train younger workers in relation to the industry’s 

production schedules. 

 

Question no. 4 (the respondent’s educational level) 

This question is designed to gain an idea about the level of education for workers within the 

gum arabic industry as well as find out workers’ qualifications for training purposes. 

Generally, an education is essential and needed in any industry. If a respondent or a worker 

has higher education and experience, it will be more productive for the respondent within 

gum arabic production to pass on his or her knowledge, skills and information to other 

workers. Furthermore, higher education and experience lead to the successful transfer of 

skills and knowledge. The higher the standard of the respondent’s education, the more skilful 

and knowledgeable the respondent, and so he or she can be optimised to work as a marketer 

or strategist within the industry, while the respondents with a relatively low level of 
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education can be optimised to work in the field or gum arabic production level, in which a 

high educational level is not required. By putting the right workers in the right place, this will 

help in the transfer of skills and experience from educated workers to less-educated staff. 

Overall, this phenomenon will be expected to lead to higher output and productivity. 

 

Question no. 5 (the respondent’s employment status in the industry) 

The respondent’s employment status in the industry is important for implementing human 

resource strategies. For example, a development and training opportunity can be given to full-

time workers rather than part-time workers for efficiency purposes, so that full-time workers 

can contribute optimally to provide an annual rate of growth in the industry. Accordingly, 

part-time workers can be assigned to more manual tasks. Overall, this segregation classifies 

workers according to their status and productivity (specialization) and leads to sustainability 

of the work in the gum industry. Moreover, if the workers are classified accurately, full-time 

workers will want to improve and increase their output considerably. 

 

Questions no. 6 to 15 (the respondent’s geographical knowledge of gum arabic 

production) 

In terms of gum arabic production, Sudan can be classified geographically into vegetation 

segmentation. There are many kinds of trees and shrubs, some of which produce gum arabic 

and others produce forest crops. The questions aim to check whether people are aware of all 

of the trees that produce gum arabic or other gums. These questions aim to examine 

individual workers’ geographical knowledge of Sudan’s production capacity. Some workers 

may not be familiar with such information. For example, there are more than 30 species of 

Acacia that are used to produce different gums. The questions also aim to find out whether 

the workers know about famous plantations and trees that are used to produce gum arabic 

according to the international definition, and what products are made out of a particular tree. 

Questions no. 6 to 15 can also be considered as general knowledge questions to determine 

whether each worker is familiar with the areas or states that are producing gum arabic in 

Sudan. Although there are many trees producing different edible fruit in Sudan, gum arabic is 

an economic product and well known by people of the country. There are other states 

producing gum arabic in Sudan which are located outside the known gum-belt area. 
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Questions number 16 to 20 (the respondent’s knowledge of the auction markets) 

These questions ask the workers about the main auction markets for gum arabic in Sudan. In 

all of the geographical production sites, there are markets and bursa for gum arabic. For 

example, in the El Nuhud locality, which is located in western Kordofan, there is a market or 

bursa for gum. There are also markets in South Kordofan, while in the eastern part, the 

market is in El Dain. Other markets can be found in El Gadaref, Kassala, Blue Nile and 

White Nile, but the most famous main auctions and bursa for selling and bargaining over gum 

arabic and other crops are located in El Obeid town, which is the capital of North Kordofan, 

where there are many companies and agents for gum companies in Sudan. The El Obeid 

auction was established very early in the 1920s. Another famous and well known auction 

market is located in Gadaref (Eastern Sudan). 

 

Questions number 21 and 22 (the respondent’s knowledge of the tools used in producing 

gum arabic) 

For tapping gum arabic in Sudan, several tools are used carefully to remove parts of the trees 

after the rainy season. Gum producers can use either axes or a sonki, which looks like a spear. 

It is recommended that a sonki is used, however, as it does not endanger tapped gum trees. 

The questions ask whether the respondent is familiar with those tapping tools and whether 

gum producers have any knowledge about certain historical tools being used in tapping gum 

trees. Furthermore, the respondent is asked whether he or she knows about other tools for 

tapping gum trees. Similarly, gum producers are asked if they have ever used other more 

productive tools to cover vast areas of gum arabic. 

 

Question no. 23 (the respondent’s knowledge of the difference between Hashab gums 

and Talha gums) 

The respondent is asked whether he or she can differentiate between Hashab gums and Talha 

gums and whether he or she can differentiate between varieties of gums even if they are 

mixed with other kinds of gums. This knowledge is useful in assessing the respondents’ 

knowledge of gums. 
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Question no. 24 (the respondent’s knowledge of the name of other gums produced in 

Sudan) 

The respondent is asked whether he or she knows the name of other gums being produced in 

Sudan. In Sudan, there are gums produced from Acacia Nilotica, which grows along the 

rivers and valleys. Similarly, there are other gums produced from Acacia Nobica, Acacia 

Polyacantha (Kakamut), Acacia Tortilis and others. 

 

Questions no. 25 to 28 (the respondent’s knowledge of gum harvesting time) 

Question no. 25 is about the successful season of gum production and whether the respondent 

is aware of and knows about the successful season of gum harvesting during high rainfall and 

gum harvesting in the absence of pests, or knows that gum harvesting is considered to be 

successful when high production reaches the market. Questions no. 27 and 28 aim to evaluate 

whether the respondent understand technical aspects of gum arabic production such as gum 

harvesting, pests in relation gum production and its quality. 

 

Questions no. 29 to 32 (the respondent’s knowledge of whether pests affect gum 

production) 

These questions relate to a number of pests (such as tree locusts, white ants and desert 

locusts) that affect gum production. Most of these pests appear during the rainy season, and 

they are scattered in all agricultural areas. They attack trees, eating all of the green leaves, 

which delays the production of gum arabic. The most dangerous pests are tree locusts. Gum 

producers should play a positive role in order to eradicate those pests (such as tree locusts and 

desert locusts). Moreover, they need to protect the gum production in their areas by making 

up annual garden clean up as part of gum arabic production routine. 

 

Question nos. 33 to 38 (the respondent’s knowledge on the commercial and personal 

usage of gum arabic) 

The question nos. 33 to 38 aim to highlight the use of gum arabic in our daily life; whether it 

is for personal use, or that of the commercial and industrial food and drink industries. Most of 

the producers and their families use it personally from time to time as a solution and 

sometimes for stomach disturbances, as well as for local dinks such as Hibiscus or “Adanonia 

Digitata Gongulez” drinks. It is estimated that there is a great amount of gum arabic 

consumed commercially by the producers. In addition, it is estimated that 15,000 tonnes are 

consumed by the public in the gum belt (Couteaudier, 2007). This does not include the 
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amount needed by the international market. The main aim of the questions is to highlight to 

what extent people are aware of the culture of using gum. The questions aim to evaluate 

whether gum producers, workers, foresters etc. are aware that gum arabic is used in the 

following industries: medicine, beverages, cosmetics, paints, and confectionary. 

 

Question no. 39 (the respondent’s knowledge about soil degradation) 

The question is about soil degradation. This might be caused by a number of factors such as 

drought, moving sands, clearance of forests, continuous and heavy practices of agriculture, 

and practices of land-negligence among farmers and gum producers. All of the 

aforementioned points have a negative effect on soil degradation, gum production and gum 

quality too. For example, Acacia and related species have nitrogen-fixing qualities thus add 

fertility to the soil. In addition, the World Bank has provided technical assistance such as the 

Social Safety Net Project in the area of human development in Sudan (World-Bank, 2016). It 

includes 14,540 microfinance loans to women and 7,274 to men and 10,044 farmers, who 

were trained in various agronomic and agro-forestry practices. 

 

Question no. 40 (the respondent’s knowledge about the relationship between the 

entrance of many companies and the productivity and quality of gums) 

Although the gum trade was started a long time ago by individuals and small companies from 

abroad, their effect on production areas was negligible in relation to factors such as water, 

health and education. However, recently the advent of large gum companies has started to 

have a positive impact on production, productivity, quality and other commercial linkages in 

general (see also section 2.5). 

 

Question no. 41 (the respondent’s knowledge about the microfinance policy) 

Although gum producers in Sudan have essential products such as gum arabic, whether it be 

from Acacia Senegal or Acacia Seyal, their environment is considered to be relatively 

undeveloped and poor because their villages have neither water, health centres nor education 

services. Moreover, the gum producers used to be victims of village traders using the “sheill 

system”. This means at the time of starting gum production, the traders supply the producers 

with barter basic commodities such as grains, sugar, tea, oil… etc. and in return the traders 

will take back the debt in terms of a quantity of gum. However, at a later date the poor gum 

producers discover that what they had given up to the village traders was not considered fair 

at all because of the issues of exploitation. However, now the microfinance policy has started 



79 
 

to fund gum producers with financial assistance and capital to assist producers when starting 

out. Hence, the Sudanese Government has played a positive role to legalize funding to gum 

arabic producers with certain financial regulation guarantees. 

 

Question no. 42 (the respondent’s knowledge about the sustainability of the industry) 

Most gum producers’ villages are located far away from big towns and city centres. As a 

result, most of those villages find it difficult to obtain essential basic services such as 

drinking water, medicine, and schooling. Consequently, if such basic services are available in 

a village, the gum producers will be encouraged to settle there and carefully look after their 

gum gardens and families in order to achieve a level of sustainability in the gum industry. 

 

Question nos. 43 to 44 (the respondent’s knowledge about the role of women in the 

industry) 

The raw gum arabic usually comes from remote production areas in a certain condition that 

requires sorting, cleaning, and cutting into pieces. This type of production job needs careful 

and detailed work, such as the cleaning and sorting of gums; it is indeed a skilled practice. 

Women are, in fact, more suited to this type of work than male workers. In addition to this 

role, the women in gum production areas are expected to provide workers with food, tea, and 

drinking water. Women workers in the fields also assist men in the transplanting of seedlings 

of hashab (Acacia senegal) and work in helping Nafeer, which is a kind of campaign for the 

collection of gums. 

 

Question no. 45 (the respondent’s learning skills) 

Gum processing is a professional job which requires certain skills. This question asks the 

respondent about where they learn their skills. In reality, the workers in gum processing are 

either related to each other as a family or they come from neighbouring villages. 

Consequently, it is easy for them to transfer the information to the subsequent generation. 

Some workers also learn skills by practice and the following of instructions. 

 

Question nos. 46 to 51 (the respondent’s knowledge on the quality of gum) 

These questions (number 46 to 51) ask the respondent about the quality of gum in general. In 

particular, the questions ask about the relationship between the quality of gum and the colour 

of nodules; time of tapping, storage and handling, how clean the gum is, time of collection 

and the size of nodules. All these six factors can be considered as indicators as to the quality 
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of the gum. However, the true quality of gum should be obtained through physical 

specification and chemical examination. Nowadays, very experienced workers and certain 

staff have become able to differentiate between gum produced by Hashab trees and that 

produced by Talha trees. 

 

Question no. 52 (the respondent’s knowledge on the quality of gum) 

Farmers and herdsmen from time to time will make a fire for cleaning their products; they 

will also renew the grass for their herds in the areas surrounding their gum gardens. However, 

this might lead to the spoiling of the gum product and affect the life span of the trees. As a 

result, the gum quality will also be spoiled. 

 

Question no. 53 (the respondent’s knowledge on the quality of gum) 

Through long work and experience, it has been found that drying fresh gum under shade will 

keep the gum well without losing any inherited specification. This also helps to protect fresh 

gum from losing any specification. On the contrary, if gum products are left out directly 

under the sun, or are contaminated with dust, smoke or sand, this will reduce its value. 

 

Question no. 54 (the respondent’s knowledge on the quality of gum) 

Learning from the long experience of exporting different agricultural products abroad by 

certain trading companies, it is strongly recommended to avoid packing gum in second hand 

sacks to minimize any risk of contamination. Nowadays, most producers use the 

recommended new jute sack. Fortunately, some of the well-established companies (see 

section 2.5) are aware of this and therefore provide their own special and labelled sacks, 

which can be used for organic gum and other products as well as providing means of 

traceability. 

 

Question nos. 55 to 56 (the respondent’s knowledge on gum collection and storage) 

Gum companies, researchers and foresters have trained gum producers to follow the best 

code of practice such as preparing a mat or canvas under the shade of trees, whilst using 

certain man-made tools to help collect the gum from branches and bring it down to the mats. 

The collected gum will be stored in recommended sacks and piled on a platform. Hence, the 

question is meant to evaluate whether gum producers have attended certain workshops or 

training about how to handle and deal with gum arabic according to the recommended (best 

practices) procedures. In fact, the Forest National Corporation (FNC) and the Gum Research 
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Center, as well as certain universities and gum companies, afford a high level of attention to 

training and extending awareness to gum producers regarding the correct methods. The best 

methods lead to maintaining the quality of gum arabic as a commodity; this is essential as 

gum arabic is highly sought after by importers and end-users worldwide. 

 

Question no. 57 (the respondent’s consent requests) 

This last question has been written to inform the persons or gum producers who have 

answered all the questions related to the study that the outcome of the questionnaire will be 

used for the study and will be published in international journals. In fact, each respondent, 

who has replied to the questionnaire, has already received an invitation letter of request to 

join freely the campaign with our thanks. 

 

Step-by-step ethical procedures and approvals are explained in the following section, 

including the process of translating the survey and interview questions from English to 

Arabic to minimise bias and optimise validity in the data collection processes. 

 

 

3.2.4. Ethical approval procedures 

 

As this research involved asking respondents (human participants) to answer closed-ended 

questions (survey questionnaires) and open-ended questions (interviews), an ethical approval 

for research involving human participants had to be obtained from the university’s research 

ethics committee. Accordingly, several steps were undertaken to validate the survey 

questionnaires as follows: 

 

1) Closed-ended questions (survey questionnaires) and open-ended questions 

(interviews) were written in English. Next, an ethical approval was requested from the 

university by filling the ethical application form with full documents explaining the 

research objectives, data collection, data analysis and data storage. Constructive 

feedback was obtained in July, which required the following tasks to be undertaken as 

follows: 

 

a. improve scaling issues and question clarity, and address sampling issues,  
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b. provide participants with sufficient information to make an informed consent 

in order to ensure that participants are not subject to coercion and are free to 

withdraw from the research at any time without giving a reason,  

c. protect and respect personal data provided by the participants through rigorous 

and appropriate procedures for confidentiality and anonymity and  

d. avoid severity or harm to come to participants, such as distress, 

embarrassment or anxiety. 

 

2) Following the modification of the survey, an ethical clearance was obtained from the 

university. Both closed-ended and open-ended questions were translated into the 

Arabic language and translated back to English for content validation to ensure the 

translation kept the meaning intact. 

 

3) After designing the survey and interview questions, the second stage involved 

implementing a pilot study to test the validity and communicability of the questions 

by distributing the questions to real people and writing a cover letter in English and 

Arabic (Figures 3.2 and 3.2 below). This pilot study was meant to pre-test particular 

research instruments, such as the survey and interview questions. A pilot study is a 

crucial element of a robust research design. After implementing the pilot study, 

corrections were made in order to revise ambiguous questions and to improve the 

clarity of both interview and survey questions. 
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Figure 3.2. A cover letter in English sent to respondents in April 2014 at the start of this 

study.  
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Figure 3.3. A cover letter in Arabic sent to respondents in April 2014 at the start of this study. 
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3.2.5. Distribution and collection 

 

Semi-structured interviews (open-ended questions) were conducted both in person and 

through email. The respondents were given adequate time to answer the questions at their 

own pace. Similar to the interviews, survey questions were distributed to potential 

respondents. 

 

In both cases, a rapport was developed between the principal researcher and the respondents 

to increase responses rates. Several meetings were arranged with the respondents to discuss 

the rational of the research and for follow up meetings. Because of these efforts, this research 

was able to achieve a good response rates due to the respondents’ higher commitment and 

stronger relationship with the researcher to complete the questions. 

 

By asking the respondents to answer the open-ended questions on their own time, rigorous 

answers were encouraged, and the respondents felt free to answer the interview questions. 

Finally, the respondents were approached individually to collect both interview and survey 

questions. 

 

 

3.2.6. Data analysis  

 

SPSS software package calculates two types of correlation coefficients, namely Pearson and 

Spearman correlation coefficients. For example, we might use a Pearson correlation 

coefficient to evaluate whether an increase in the respondents’ salaries (such as £200, £250, 

£300 per week etc) can be associated with a rise in the respondents’ ages (such as 25, 30, 35 

years old etc). In this case, both incomes and ages are considered as metric or ratio data 

(quantitative), in which we can perform mathematical operation. 

 

While, Spearman correlation is more suitable to analyse correlation between nominal and 

ordinal data (not ratio data) such as multiple choice answers in the survey questionnaires. For 

example, “What is your weekly income bracket?” with multiple choice answers of (1) very 

low income levels, (2) middle income levels and (3) very high income levels. “How old are 

you?”, with multiple choice answers of (a) 20-25 years old, (b) 26-30 and (c) 31-35. In this 
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case, mathematical operations cannot be performed. For example, we cannot say 1 x a = 2 x b 

because the data is considered nominal or ordinal data (qualitative). 

 

The range of values for the correlation coefficient (r) is -1.0 to 1.0 or -1 ≤ r ≤ 1. Following 

the statistical literature (Field, 2013; Freedman, Pisani, & Purves, 1997), the following rule of 

thumb of a correlation coefficient can be summarised as follows. 

 

 A correlation coefficient ranges between +1 to -1. 

 Hence, it can be either positive (+) or negative (-). 

 Positive correlation coefficient indicates there is a positive correlation between two 

variables. 

 If r equals to +1 (100%) indicating a perfect positive correlation. 

 Conversely, a correlation coefficient of -1 (-100%) indicates a perfect negative 

correlation, in which change in the value of one variable (say question no. X) are 

associated exactly with a change in the opposite direction in the second variable (say 

question no. Y). 

 The higher the r value is (by being closer to +1 or -1), the stronger the correlation or 

association is between the variables. Likewise, the lower the r value is (by being 

closer to zero), the less correlated the variables is. Hence, a lesser degree of 

correlation are expressed empirically as r approaches zero. 

 A correlation coefficient of zero indicates there is no relationship or no association 

between the variables at all. Note: this study reports only correlation coefficients, 

which are higher than 40% and statistically significant. 

 

Overall, Spearman rho correlation coefficient is used instead of Pearson coefficient because 

the nature of the data collected is qualitative (nominal and ordinal) as Spearman rho is more 

suitable when the data are qualitative, while Pearson correlation coefficient should be used if 

the data is ratio or quantitative (Tabachnick & Fidell, 2006; Wonnacott & Wonnacott, 1990).  

 

Appendix 2 gives the step by step guide to perform SPSS tests for the following statistics 

independent-samples t-test, one-way ANOVA, descriptive and inferential statistics and  

boxplot.  
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3.3. Interview (open ended questions) 

 

As mentioned previously, primary data will be generated from survey questionnaires below 

(multiple-choice questions) (n=413) and interview or open-ended question (n=15), where n is 

the number of observations or respondents. 

 

This study employs Content Analysis to evaluate the textual (qualitative) data from 

communicated texts or interview transcripts (open-ended questions). Open-ended (interview) 

questions were distributed to 20 respondents (labour farmers, managers and stakeholders), 15 

respondents provided the responses. 

 

The survey questionnaires were analysed using descriptive and inferential statistics 

(quantitative analysis), while the interview transcripts were analysed by using Content 

(qualitative) Analysis. It is expected that using a mixed-method research (MMR) approach 

combining quantitative analysis (survey questionnaires) and qualitative analysis (open-ended 

questions or interview texts) will reach more comprehensive and robust findings. 

 

In order to answer fully the research questions, the following interview questions are 

proposed, in which open-ended answers are expected. 

 

1) Considering various local practices in Sudan (from tapping, collecting, transporting, 

sorting and storing), in your opinion, what would be a strategic recommendation to 

improve the production of gum arabic? 

 

2) Facing a highly competitive world environment, what would you suggest to gum 

arabic producers in Sudan to successfully sell gum arabic in the international market? 

 

3) What would you suggest to gum arabic producers to develop a traceability system that 

provides a quality assurance system so Sudan can produce high quality gum arabic? 

 

4) In your opinion, is there any relationship between gum arabic quality and local 

practices, and what would you suggest to improve local practices? 
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Semi-structured interviews (open-ended questions) were conducted both in person and 

through email. The respondents were given adequate time to answer the questions at their 

own pace. 

 

 

3.3.1. Procedures and design 

In terms of procedure and design, a rapport was developed between the principal researcher 

and the respondents to increase responses rates. Several meetings were arranged with the 

respondents to discuss the rational of the research and for follow up meetings. Because of 

these efforts, this research was able to achieve a good response rates due to the respondents’ 

higher commitment and stronger relationship with the researcher to complete the questions. 

Hence, by asking the respondents to answer the open-ended questions on their own time, 

rigorous answers were encouraged, and the respondents felt free to answer the interview 

questions without disclosing their identity (‘anonymity’). 

 

 

3.3.2. Data treatment and analysis 

This section focusses on data treatment and analysis of the interview transcripts (given in 

Appendix 1) by using ‘Content Analysis’. The literature (Stambor, 2005; Wonnacott & 

Wonnacott, 1990), defines Content Analysis as a qualitative analysis for making inferences 

by systematically identifying the specified characteristics of communicated messages or 

interview transcripts. 

 

Qualitative data can be collected (inputs) from a variety of sources, such as interviews and 

focus groups. In this study, the interview transcripts are evaluated using Content Analysis. 

Stambor (2005) considers Content Analysis to be similar to the Text Analysis in the literature 

(Stambor, 2005). 

 

In summary, Content Analysis is a qualitative analysis for examining the content of interview 

transcripts or communicated text. This text can originate from open questions, focus groups, 

discourse analysis, in-depth interviews, conversational research, discussions, private 

dialogues, recorded discussions, historical documents, speeches, library catalogues, internet 

contents, etc. The data for content analysis can also be derived from open-ended questions. 

The characteristics of open-ended survey questionnaires differ from the closed-ended. This is 
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because open-ended questions facilitate respondents to freely answer using their own 

expressions. 

 

There are several types of Content Analysis, including, Directed Content Analysis and 

Summative Content Analysis. Although Content Analysis can be considered a qualitative 

method (Lewis-Beck et al., 2004), it is also viewed as a quantitative technique (Berg & Lune, 

2013). This is because Summative Content Analysis uses statistics to count how many 

particular ‘concepts’ or ‘keywords-in-context’ appear in the communicated interview 

paragraphs. Hence, Summative Content Analysis establishes the existence and frequency of 

the concepts within the communicated text (univariate). In Summative Content Analysis, the 

presence and meanings of the interview paragraphs are quantified to analyse the number of 

times a specific critical ‘concept’ appears. The methodological foundation of Summative 

Content Analysis is the zeta distribution in mathematics (Zipf, 1949). The moral of zeta 

distribution is that on using Summative Content Analysis, there will be some dominant 

concepts that will emerge on the basis of the interview text. Accordingly, research findings 

will, hence, be dominated by a few most critical concepts as the heart of the research 

discovery. 

 

On the contrary, in the Directed Content Analysis, the researcher examines the relationship or 

pattern amongst certain concepts in the communicated text (multivariate). In order to 

examine these concepts, Thematic analysis or coding needs to be applied to the data. This is 

defined as a technique for revealing patterns within the data and has been adopted in this 

study to answer the research questions (“what, why and how”). This is because the data 

consists of the respondents’ experiences and perceptions of gum arabic. The thematic coding 

begins with the initial line-by-line codes, to higher level categories and conceptual themes. 

This study employs an NVivo software package to carry out both the Directed Content 

Analysis by coding the interview paragraphs into the thematic categories and then applying 

the relational analysis inside the codes. 

 

This study employs Directed Content Analysis because of several reasons as follows: 

 Directed Content Analysis is more suitable for analysing the content of the interview 

text. The text in this study is collected by interviewing the stakeholders, suppliers and 

customers of gum arabic. It is intended that by including the key players within the 
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gum arabic industry, the findings of this study will be more robust in terms of 

generalisability. 

 Directed Content Analysis are the most suitable qualitative methodologies to answer 

the research questions since they are inductive approaches that explain people's 

perception and behaviours in social and cultural environments. 

 There has not been any empirical paper written on the use of Directed Content 

Analysis for investigating gum arabic in Sudan, in relation to the production aspects. 

Hence, this paper is useful for guiding further research on gum arabic by using 

Directed Content Analysis. 

 Lastly, due to the limited coverage across Sudan, this research is not suitable for 

making generalisations. Further research that includes other countries is 

recommended in order to broaden the scope of this study. It is expected that further 

studies may be undertaken using a larger sample size and a cross-section of 

developing and developed economies so that the appropriate policy implications can 

be derived accordingly. 

 

 

 

3.4. Secondary data (Gum Arabic Board) 

 

Secondary data on national gum arabic production statistics were obtained from the Central 

Bureau of Statistics (Sudan) (Central-Bureau-of-Statistics, 2018). These secondary data were 

analysed using trend or regression analysis. Overall, the complete research methodology 

regarding data types, data collection, data sources and data analysis can be seen as shown in 

Figure 3.1. 

 

 

3.4.1. Procedure and data analysis 

 

Regression analysis was used to examine the relationship between variables of the secondary 

data to investigate a trend direction. In addition, regression analysis can be used to predict the 

relationship between more than two variables (Draper & Smith, 1998). For example, a 

regression model can be used to identify which explanatory (independent) variables of X can 

predict the outcome (dependent) variable of Y. Correspondingly, a regression analysis is 
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more useful to predict a trend direction than a correlation analysis because a regression model 

provides a more comprehensive summary of the relationship among variables (Bryman, 

2015; Field, 2013). 

 

In this study, the dependent variables are the variable which is on the left hand side (gum 

arabic annual production in metric tons or MT). The dependent variables (LHS) are 

dependent upon the independent variables, which are on the right hand side (RHS) of the 

equations below (Equations 3.1 – 3.3). The independent variable is ‘time’ such as years, 

2001, 2002, 2003, 2004, … to 2018) 

 

LHS  =  RHS     Equation 3.1 

Dep. = f (Indep.)    Equation 3.2 

Y =  f (X1)     Equation 3.3 

 

The variable of national gum arabic production in metric tons (secondary data) can be 

classified theoretically as the dependent variable. A dependent variable is a variable whose 

value depends on that of other independent or explanatory variables. In this case, the 

variables of time (such as years of 2001, 2002, 2003, 2004, … to 2018) can be classified 

theoretically as the independent variables. 

 

 

3.5. Analytical data 

 

Analytical data is another primary data collected for this study consists of both time-series 

and cross-section components. The time series data comprises four years’ worth of data, from 

2013, 2014, 2015 and 2016. For each of these years, there is cross-section information 

pertaining to gum arabic’s area of origin (AREA), the month or season to grow gum arabic 

(SEAS or MONTH), moisture content (MOIST), viscosity (VISC), ash (ASH), pH or the 

degree of acidity or alkalinity (ACID), colour (CLR), tannin or the total polyphenol in gum 

arabic as anti-oxidants (TAN), optical rotation (ROT), the Gardner index as a parameter for 

colour (GARDN). The data was generated at Nopec quality control laboratory as well as 

those generated at the Hydrocolloids Research Centre by a number of research assistants and 

visiting researchers during the course of this study (namely, James Edwards, Andrea 
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Magalhaes, Melissa Klenzendorf, Lena Fischer and Tobias Leupolz, Michaela Hayes, Duygu 

Ağagündüz and Seifeldawla Awad Elhag. All the analytical data are provided in Appendix 2. 

 

 

3.5.1. Materials 

 

Three hundred and eighty-five authenticated samples of Acacia seyal were collected during 

four production seasons, namely 2013, 2014, 2015 and 2016. All these samples were 

originated from the main production areas in Sudan such as Aldmazeen (Blue Nile state), 

Buram (South Darfur State), Higleeg (South Kordofan State), Aldaeen (East Darfur State), 

Almoglad (West Kordofan State) and Alobeid (North Kordofan State). 

 

Gum Talha (Acacia seyal) transported from production areas to warehouse in Khartoum by 

trucks (up to 200 bags per truck), these trucks have been checked carefully to ensure they are 

free from fuel, dirt, odours and other contamination before loading the gum. The time of 

transportation of these samples from production areas to warehouse in Khartoum between 

seven days to fifteen days it depends on the distance, type of truck and the weather. The 

arrival of these samples at Nopec factory was taken as the production date.  

 

All of these samples transported from production areas to Khartoum partially between 

January and June, the reasons of transporting the gum partially because transportation depend 

on availability of gum in the markets and small facilities storage in production areas. 

 

Upon the arrival of the trucks to NOPEC NATURAL GUMS FACTORY, located in 

Khartoum, the samples were labelled as follows: 

 

 Batch number to identify date of arrival, origin of gum and agent name, this 

information put in identified card for each batch in the warehouse to distinguish 

between batches, same labelled done for the reference samples used in this study. 

 For example the batch number written as follows 1A/TA/Br/13, where: 

1= Number of batch (first truck arrived to warehouse) 

A= Warehouse code  

TA= Acacia seyal gum 
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Br= Buram (one of the biggest production area of seyal gum in South Darfur). 

13= Year of production 2013 (season 2013)  

 

About one kilogram was taken from each twenty bags during discharging the gum into 

warehouse to be represent sample for each 20 bags, the samples mixed well to be 

representative sample for the whole batch, two samples have been taken each sample one 

Kilogram first sample has been taken to do measurements to identify the specification of the 

batch and the second sample was labelled as a reference (see Figure 2.14). Each batch 

received from any production area was given a batch number and this work done to all 

samples used in this study. In this study, the samples were numbered and the date of arrival at 

the factory is given (Tables 1-4, Appendix 2). 

 

The receipt of these samples happened in the intervals spaced during the years 2013, 2014, 

2015 and 2016 between January to June, when it was received. These samples were placed in 

plastic bags and then the bag locked well to avoid external environment factors like humidity 

then all samples have been stored in Soba industrial area south of Khartoum at room 

temperature 25 Celsius. All samples used for this study were cleaned from bark, sands and 

dirt before crushing using pestle and mortar into a fine powder. 

 

 

3.5.2. Methods 

 

The analytical or experimental data was analysed by using an independent-samples t-test and 

a one-way analysis of variance (ANOVA). The reasons for using these research methods are 

as follows: 

 

 An independent-samples t-test is a type of parametric statistics used to compare the 

means of TWO independent groups (the group in this case was the area of gum arabic 

production, namely AREA 2 or AREA 4) in order to conclude whether there is 

significant evidence that the group means of the dependent variables are statistically 

different between the areas. The dependent variables are MOIST, ROT, VISC, TAN, 

COLOUR GARDNER. 
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 Similar to the independent-samples t-test, a one-way ANOVA was employed to 

investigate MORE THAN TWO independent groups (the group in this case was the 

year of gum arabic production, namely 2013, 2014, 2015 or 2016 and the month of 

production, namely February, March, April and May) in order to determine whether 

there is significant evidence that the group means of the dependent variables (MOIST, 

ROT, VISC, ASH, COLOUR Lovibond, pH, TAN and COLOUR GARDNER) are 

statistically different across the years. 

 

 The justification for using a post-hoc test, which is performed after the analysis of 

variance (ANOVA) test is given here. The latter tells you whether independent 

(categorical) variables, such as different months, years or areas, have an impact on 

dependent variables, including moisture content, optical rotation, viscosity, ash, 

colour Lovibond, tannin, the Gardner index and other chemical parameters. Although 

the ANOVA test is able to indicate that the independent variables may have affected 

the dependent variables, it does not tell us which specific groups differed (which years 

or which months). However, post-hoc tests do help us to confirm where the 

differences occurred. Relevant literature (Field, 2017) refers to them as a posteriori 

test to confirm the results of ANOVA examinations (after the event, not before the 

event). 

 

 

3.5.2.1. Moisture content 

 

Moisture content (MOIST) can be defined simply as the presence of water in the sample. It is 

accurately called the % loss on drying and can be determined by measuring the weight before 

and after heating at 105oC for 5 hours as recommended by the Joint Expert Committee on 

Food Additives (JECFA) (Anderson, Millar, & Weiping, 1991). The method used is given 

below: 

 

 Empty Petri dish was dried in an oven (Memert oven, Germany) at 105oC for 30 

minutes then cooled in a desiccator and weighed (W1), about 1-2 grams of the gum 

sample were placed in the a petri dish  and weighed accurately (W2), heated for 5 
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hours at 105oC then cooled in a desiccators and weighed (W3) the loss on drying was 

calculated according to Equation 3.4. 

 

Moisture content (%) = 
W2−W3

W2−W1
× 100    3.4 

 

Where: 

W1: weight of the empty petri dish. 

W2: weight of petri dish +sample before drying. 

W3: weight of petri dish +sample after drying. 

 

3.5.2.2. pH 

 

Acidity (ACID), such as pH or alkalinity, can be defined as the level of acid in substances 

such as water and soil. Plant development is affected by the acidity of soil. If a plant’s soil 

acidity increases, the plant’s capability to absorb nutrients and water is reduced. Plant 

development is optimal when soil acidity or pH is between 5.5 and 8. The natural pH of gum 

arabic according gum Arabic specification by the Joint Expert Committee on Food Additives 

(JECFA) is in the range of 4.1 – 4.8 (see Table 2.1).  

The method used is given below: 

 

 The pH of ~22.5 wt% gum aqueous solution (25gm dissolved in 75 ml of purified 

water) was prepared using magnetic stirrer for one hour, then the solution was filtered 

using refined sieve 0.5 mm to remove fragments bark and foam, a microprocessor pH 

meter (Jenway, 3505,UK). The pH meter was calibrated using two different buffers 

one adjusted at pH 4 and other at pH 11 then after calibration it was used to determine 

the pH. 

 

 

3.5.2.3. Ash content 

 

Ash (ASH) can be defined as minerals that are present in gum arabic. Ash may also contain 

essential minerals, such as calcium and potassium, and other toxic materials. Any natural 

food possesses less than 5 per cent ash, while some processed foods may possess more than 
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10 per cent. According gum Arabic specification by JECFA this value should be below 4% 

(Anderson et al., 1991) see also Table 2.1.  

 

The method used is described below: 

 A porcelain crucible was dried by heating at 550oC, cooled in a desiccator and 

weighed (w1) about one gram of gum sample were accurately weighed in the crucible 

(w2), ignited for  5 hours +at 550oC in muffle furnace (Nabertherm, B130, Germany) 

until free from carbon, cooled in a desiccator and weighed(W3) The total ash % was 

calculated according to the following equation: 

 

Ash (%) = 
W3−W1

W2−W1
× 100     3.5 

Where:  

W1: weight of the empty crucible. 

W2: weight of crucible +sample. 

W3: weight of crucible +Ash 

 

 

3.5.2.4. Colour Lovibond 

 

This parameter (C20PCT) was determined on 22.5 wt% solution (same solution used for 

measuring the pH) of Acacia seyal gum dissolved in water then the solutions was filtered using 

refined sieve 0.5 mm to remove bark and foam. The sample was placed in the glass cuvette 

type 1 inch, inserted into the Colorimeter (Lovibond Tintometer, Model F, UK) and the colour 

was measured. 

 

3.5.2.5. Colour Gardner 

 

The Gardner Index (GARDN) is also known as the yellowness index, which was initially 

developed for colour specification of resins, whereby changes in colour transparency may 

indicate contamination or impurities. This is another instrument to measure the colour of gum 

solution and was used to measure the colour Gardner index at 1 wt% Acacia seyal gum 

solution dissolved in distilled water. The method used to measure the colour Gardner is 

described in detail (Andres-Brull et al., 2015).  
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3.5.2.6. Viscosity 

 

Viscosity (VISC) can be loosely defined as a measure of a fluid’s resistance to flow. For 

example, water has a lower viscosity than honey because water would travel faster than 

honey if drops of both were rolling down a windshield. The opposite of viscosity is fluidity, 

which measures the ease of flow. In this case, water is also viscous. The viscosity of liquids is 

affected by several factors including temperature. Brookfield viscometer is widely used in the 

industry to measure this parameter using specified conditions such as spindle number and 

speed of rotation. 

 

The method used is described below: 

 The Viscosity of 25 wt% gum aqueous solution (on a dry weight basis) prepared by 

dissolving 100 gm gum sample in 300 ml purified water using magnetic stirrer for one 

hour, after full dissolving for three hours the solution was filtered using refined sieve 

0.5 mm to remove fragments bark and foam, then Viscosity was measured at room 

temperature using Brookfield Viscometer (model LVDV-E, spindle 2, RPM 12).  

 

 

3.5.2.7. Optical rotation 

 

This is a measure of rotation (ROT) of plane-polarized light, as measured by a polarimeter. 

The rotation of light can either in a clockwise direction as viewed towards the light source are 

dextrorotatory, or (+), or those which rotate light in a counter-clockwise direction are 

called laevorotatory or (–). Acacia seyal (talha) is known to have positive optical rotation and 

Acacia senegal (hashab) has negative optical rotation. The method used to measure the 

optical rotation is described in detail (Al-Assaf, Phillips, & Williams, 2005; Andres-Brull et 

al., 2015).  

 

3.5.2.8. Tannin 

 

Tannin (TAN) can be defined simply as substances, where they serve as defence mechanisms 

against predators. In gum arabic, tannin is often quite white, but sometimes shows a 

yellowish tinge. Whilst the finest quality specimens of gum arabic are white, those of inferior 
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quality have a reddish or brownish red colour and also contain traces of tannin.  The method 

used to measure the tannin is described in detail (Andres-Brull et al., 2015).  

 

3.8. Summary 

 

This chapter presented in detail the research methodology used to collect and analyse the data 

in Chapters 4 and 5. All detailed methodology, procedure and design was presented 

graphically in Figure 3.1. It also discussed information and procedures for designing and 

analysing the multiple-choice survey questionnaires and open-ended questions (interview 

transcripts), including outlining detailed steps for obtaining the ethical approval of the 

university. As the surveys and interviews involved collecting data from the respondents, 

clearance had to be obtained from the university’s ethical committee. This chapter also 

presented the SPSS commands to perform the above analyses, including the primary and 

secondary data collected in order to repeat the estimations in the future. 
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4.1. Introduction 

 

This chapter analyses the primary data that was collected according to the methods described 

in Chapter 3; namely, survey questionnaires and interviews. The survey questionnaires were 

analysed by using both descriptive statistics and inferential statistics (SPSS software) as 

described previously in Section 3.2.6. 

 

Descriptive statistics were employed on the primary data to describe the population through 

tables, figures and other visual diagrams. While, inferential statistics were used to make 

statistical inferences about a population (gum arabic production). 

 

The overall objectives of this chapter are as follows: 

 

1) To gain some knowledge and understanding of the labour work force in the gum 

arabic industry in Sudan, in particular about the perception of quality and factors that 

could affect gum production, 

 

2) To analyse the results with cross reference to the gum arabic industry in Sudan as 

described in Chapter 2. 

 

3) To utilise the open-ended interviews to specifically address questions related not only 

to the quality of gum arabic but also about challenges and opportunities for the 

development of the industry. 

 

4) Finally, the secondary data obtained from the Sudan Customs Corporation via the 

Gum Arabic Board will be used first to show the status of the Gum Arabic Industry 

(Export) since 1970 to date. This in particular will be further analysed using the data 

available for export of Acacia senegal and Acacia seyal since 2012 to date. 
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4.2. Descriptive statistics (analysis of survey questionnaires) 

 

 

Table 4.1 provides detailed demographic data, including minimum (column 4), maximum 

(column 5), mean (column 6) and standard deviations (column 7). In this case, minimum and 

maximum refers to the number of multiple choices in a question. While, mean can be defined 

here as the average of the numbers of choices selected by respondents in the survey 

questionnaires. 

 

The results given in Table 4.1 will be dealt with in turn below. For example, Question 1, 

‘what is your gender?’, examined the respondents’ gender. It provides respondents with two 

multiple choices as indicated in Table 4.1, column four and five (male or female). 

 

Table 4.1. The Respondents’ demographics 

No Questions N Minimum Maximum Mean Std. Deviation 

1 2 3 4 5 6 7 

1 What is your gender? 413 1.00 2.00 1.406 0.49183 

2 How old are you? 413 1.00 8.00 4.990 2.46921 

3 How long have you worked in the 

gum Arabic or related industry? 

413 
1.00 5.00 3.167 1.53081 

4 What is your educational level? 413 1.00 5.00 3.072 1.40026 

5 What is your employment status in 

the industry? 

413 
1.00 4.00 1.908 0.84547 

 

 

Table 4.1 indicates that the mean is 1.406; this finding suggests that on average, most of the 

respondents are male as also shown in Table 4.2 below which gives the actual answers 

obtained from the respondents. 

 

Table 4.2 ‘Question 1: What is your gender?’ 

Gender Frequency Percent Cumulative 

Male 245 59.3 59.3 

Female 168 40.7 100.0 

Total 413 100.0  

 

 

Hence, in terms of the respondents’ gender ratio, Table 4.2 reveals that the majority (59.3%) 

are male, while the remainder (40.3%) are female. Correspondingly, the survey findings 

represent relatively evenly the opinions of both male (59.3%) and female (40.3%) workers. 
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However, there may be minor reasons for the male respondents’ domination of positions in 

the gum arabic industry. Specifically, the burden of domestic and child-care responsibilities. 

Apart from the workload, female workers are also responsible for significant amounts of 

‘unpaid’ domestic labour. Correspondingly, the slight majority of workers in the industry are 

male (59.3%). 

 

The respondents were then asked to answer Question 2: ‘how old are you?’ by choosing from 

eight multiple choice answers: (1) less than 20 years old, (2) 20-25 years old, (3) 26-30 years 

old, (4) 31-35 years old, (5) 36-40 years old, (6) 41-45 years old, (7) 46-50 years old, and (8) 

51 years old and over. The results are tabulated in Table 4.3 below.  

 

Table 4.3. ‘Question 2: How old are you?’ 

No. Age Frequency Percent Cumulative 

1 Less than 20 years old 61 14.8 14.8 

2 20-25 years old 29 7.0 21.8 

3 26-30 years old 36 8.7 30.5 

4 31-35 years old 35 8.5 39.0 

5 36-40 years old 52 12.6 51.6 

6 41-45 years old 63 15.3 66.8 

7 46-50 years old 40 9.7 76.5 

8 51 years old and over 97 23.5 100.0 

 Total 413 100.0  

 

 

The mean of the respondents’ age was found to be 4.9903 (Column 6 – Table 4.1), indicating 

that on the average, the respondents are mature people aged older than 36 years (mean of 5). 

In fact, a close examination of Table 4.3 shows that the majority of the respondents were 

aged 51 years old and over (23.5%), followed by respondents aged 41-45 years (15.3%), 

respondents aged less than 20 years old (14.8%), respondents aged 36-40 years (12.6%) and 

the remainder. Accordingly, it is expected that the opinions displayed in this survey represent 

a variety of respondents from younger to mature respondents. 

 

In terms of their length of time working in the industry (Table 4.4), the majority of 

respondents (27.6%) have done so for more than 20 years. They were followed by 

respondents who have worked in the industry for 10 to 19 years (19.9%), 5 to 9 years 

(18.2%), and the remainder. On average, respondents have worked within the gum arabic or 
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related industries for relatively long periods of time, with more than five years’ experience 

(mean of 3.1671 out of 5). 

 

Table 4.4. ‘Question 3: How long have you worked in the gum arabic or related industry?’ 

No. Length of time Frequency Percent Cumulative 

1 Less than 3 years 99 24.0 24.0 

2 3 to 4 years 43 10.4 34.4 

3 5 to 9 years 75 18.2 52.5 

4 10 to 19 years 82 19.9 72.4 

5 20 years and over 114 27.6 100.0 

 Total 413 100.0  

 

 

Another example is Question 4, ‘what is your educational level?’. Question 4 examined the 

respondents’ educational background, providing respondents with five multiple choices as 

indicated in Table 4.1, column maximum 5: (1) no formal education, (2) primary school, (3) 

secondary school, (4) undergraduate degree and (5) postgraduate degree. Table 4.1 indicates 

that the mean is 3.0726 (column 6); this finding suggests that on average, most of the 

respondents are educated to a level higher than a secondary-school level (mean=3). 

On the other hand, the standard deviation of 1.4002 (column 7) reveals that respondents’ 

education levels are spread relatively unevenly between primary school and postgraduate 

degree levels. 

 

It is also interesting to note that the majority of workers are educated up to a primary-school 

level (24.6%), as indicated below in Table 4.5; they are followed by workers educated to 

postgraduate (22.3%), undergraduate (19.1%), secondary school (17.9%), while only 15.7% 

of respondents indicated no formal education at all.  

 

Table 4.5. ‘Question 4: What is your educational level?’ 

 

No. Qualification Frequency Percent Cumulative 

1 No formal education 65 15.7 15.7 

2 Primary school 103 24.9 40.7 

3 Secondary school 74 17.9 58.6 

4 Undergraduate degree 79 19.1 77.7 

5 Postgraduate degree 92 22.3 100.0 

 Total 413 100.0  
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This finding is logical as it is expected that casual forestry jobs in the gum arabic industry is 

dominated by workers with minimal or no education at all (no formal education and primary 

school). However, 22.3% of the respondents were educated to postgraduate degree levels, a 

possible explanation for this is that there are many unemployed graduates within the 

economy in general, who might have been unable to get jobs within their fields of study. 

 

A similar inference can be made from the respondents’ other demographic data, on areas such 

as gender and age. The lower the standard deviation, the narrower the spread of the data, or 

the greater the similarity between the respondent’s answers. Contrastingly, the higher the 

standard deviation, the greater the unevenness or spread of the data, or the greater the 

difference in respondents’ opinions. 

 

Table 4.6 indicates that the minority of the respondents (5.3%) are working ‘only on call’. It 

seems that the nature of employment in the gum arabic industry is characterised by casual or 

part-time employment, since the majority of positions are dominated by part-time or seasonal 

workers (54%), who work only during the harvest season. Full-time workers account for 32% 

of the sample (Table 4.6). 

 

Table 4.6. ‘Question 5: What is your employment status in the industry?’ 

No. Employment Status Frequency Percent Cumulative 

1 Full time 132 32.0 32.0 

2 Part time (during the season) 223 54.0 86.0 

3 Only on call 22 5.3 91.3 

4 Not applicable 36 8.7 100.0 

 Total 413 100.0  

 

 

In the next question of the survey, the respondents were asked whether plants such as 

Balanites aegyptiaca, Acacia senegal and Acacia seyal can produce gum arabic in Sudan 

(Questions 6, 7 and 8, see section 3.2.2); the findings show that a majority of respondents 

consider that Balanites aegyptiaca cannot produce gum arabic in Sudan (94.9%), but Acacia 

senegal and Acacia seyal can (97.8% and 82.8%). This clearly indicates that almost all the 

respondents are knowledgeable and aware about of the correct answer. 

 

When respondents were asked which of the El Gezira, North Kordofan, River Nile or Blue 

Nile regions are used for gum arabic production (Questions 10, 11, 12, 13 and 14 below), a 
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majority (95.4% and 66.1%) indicated only the North Kordofan and Blue Nile areas 

producing gum arabic (Question 11 and 13), with a majority (99.3% and 98.1%) also 

indicating that gum arabic is not produced in the El Gezira or River Nile regions (Question 10 

and 12). Furthermore, the findings reveal that the majority of respondents (82.6%) have a 

knowledge of other gum arabic production areas (Question 15). 

 

Table 4.7. Question 10. El Gaziera area is producing gum arabic. 

 Frequency Percent Cumulative 

Yes 3 0.7 0.7 

No 410 99.3 100.0 

Total 413 100.0  

 

 

Table 4.8. Question 11. North Kordofan area is producing gum arabic. 

 Frequency Percent Cumulative 

Yes 394 95.4 95.4 

No 19 4.6 100.0 

Total 413 100.0  

 

Table 4.9. Question 12. The River Nile area is producing gum arabic. 

 Frequency Percent Cumulative 

Yes 8 1.9 1.9 

No 405 98.1 100.0 

Total 413 100.0  

 

Table 4.10. Question 13. Blue Nile area is producing gum arabic. 

 Frequency Percent Cumulative 

Yes 273 66.1 66.1 

No 140 33.9 100.0 

Total 413 100.0  

 

 

Table 4.11. Question 15. Do you know other areas or states, which produce gum Arabic? 

 Frequency Percent Cumulative 

Yes 341 82.6 82.6 

Not sure 24 5.8 88.4 

No 48 11.6 100.0 

Total 413 100.0  

 

The findings from Questions 16 to 20 are provided in the tables below (Tables 4.12 – 4.20). 

The majority of respondents (84.5%) were aware that El Obeid is the main auction market for 

gum arabic in Sudan (Question 17). However, only a small percentage of respondents were 
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aware that Eldamazeen (13.8%), Sennar (2.2%) and Kassala (1.9%) were also auction 

markets for gum in Sudan. Overall, the findings revealed that the respondents were very 

knowledgeable about El Obeid being the main auction market for gum in Sudan. They were 

not aware that Eldamazeen, Sennar and Kassala were also auction markets for gum arabic. 

 

Table 4.12. Question 16. Kassala is the main auction market for gums in Sudan. 

 Frequency Percent Cumulative 

Yes 8 1.9 1.9 

No 405 98.1 100.0 

Total 413 100.0  

 

Table 4.13. Question 17. El Obeid is the main auction market for gums in Sudan. 

 Frequency Percent Cumulative 

Yes 349 84.5 84.5 

No 64 15.5 100.0 

Total 413 100.0  

 

Table 4.14. Question 18. Sennar is the main auction market for gums in Sudan. 

 Frequency Percent Cumulative 

Yes 9 2.2 2.2 

No 404 97.8 100.0 

Total 413 100.0  

 

Table 4.15. Question 19. Eldamazeen is the main auction market for gums in Sudan. 

 Frequency Percent Cumulative 

Yes 57 13.8 13.8 

No 356 86.2 100.0 

Total 413 100.0  

 

Table 4.16. Question 20. I am not sure where the main auction market for gums in Sudan is. 

 Frequency Percent Cumulative 

Yes 37 9.0 9.0 

No 376 91.0 100.0 

Total 413 100.0  

 

 

Table 4.17. Question 21. Are you familiar with the tools such as axes and 'Sonki', which are 

used to tap the trees so that gum can exudate? 

 
 Frequency Percent Cumulative 

Yes 388 93.9 93.9 

Not sure 10 2.4 96.4 

No 15 3.6 100.0 

Total 413 100.0  
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Table 4.18. Question 22. Beside axes and Sonki, do you know any other tools, which can be 

used for tapping? 

 
 Frequency Percent Cumulative 

Yes 168 40.7 40.7 

Not sure 37 9.0 49.6 

No 208 50.4 100.0 

Total 413 100.0  

 

 

Table 4.19. Question 23. Can you differentiate between Hashab and Talha gums? 

 Frequency Percent Cumulative 

Yes 391 94.7 94.7 

Not sure 8 1.9 96.6 

No 14 3.4 100.0 

Total 413 100.0  

 

 

Table 4.20. Question 24. Do you know the name of other gums produced in Sudan? 

 Frequency Percent Cumulative 

Yes 354 85.7 85.7 

Not sure 12 2.9 88.6 

No 47 11.4 100.0 

Total 413 100.0  

 

 

There are several factors in gum arabic production that guarantee a successful harvest season 

(as indicated in Tables 21 to 23; Questions 25 to 27, below). When a wet season begins 

earlier to guarantee a successful season. A successful season can also be achieved when gum 

arabic crops are unaffected by pests and other factors, such as insects. 

 

Table 4.21. Question 25. The season of gum harvesting is considered to be successful when 

the rain starts early and continuous without stopping. 

 
 Frequency Percent Cumulative 

Yes 236 57.1 57.1 

No 177 42.9 100.0 

Total 413 100.0  
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Table 4.22. Question 26. The season of gum harvesting is considered to be successful when 

no pests. 

 
 Frequency Percent Cumulative 

Yes 313 75.8 75.8 

No 100 24.2 100.0 

Total 413 100.0  

 

 

 

Table 4.23. Question 27. The season of gum harvesting is considered to be successful when 

high production reaches the market. 

 
 Frequency Percent Cumulative 

Yes 276 66.8 66.8 

No 137 33.2 100.0 

Total 413 100.0  

 

 

 

 

Table 4.24. Question 28. I am not sure when the season of gum harvesting is considered to be 

successful. 

 
 Frequency Percent Cumulative 

Yes 26 6.3 6.3 

No 387 93.7 100.0 

Total 413 100.0  

 

 

 

 

The respondents were asked which factors they considered would guarantee a successful 

harvest season, and first rank findings reveal that the majority (75.8%) consider a gum 

harvesting season to be successful when it is unaffected by pests (Question 26). This response 

is followed by that of the second rank of respondents (66.8%), who consider a season 

successful when a high production output reaches the market (Question 27); the third rank of 

respondents (62%) answered that they consider a season successful when rain arrives early, 

and continues without interruption (Question 25). 

 

In light of these findings, it can be concluded that pests are considered a major obstacle in the 

gum arabic industry. This is also shown in a majority of studies, many farmers lose their 

crops due to pests (IRRI, 2016). Their crops cannot continue growing after the harvest, 

because pests, such as insects, cause diseases and fungi that affect them. 
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Gum production can also be affected by other types of pests, such as white ants and desert 

locusts. In Questions 29 to 32 (below), the respondents were asked to provide their 

knowledge on these types of pests: the first rank majority (78.7%) considered that tree locusts 

(pests) can affect gum production (Question 29), while the second rank (77.2%) considered 

that white ants (pests) cannot affect gum production (Question 30); the third rank of 

respondents (62%) considered that desert locusts (pests) cannot affect gum production 

(Question 31). These findings suggest that overall, the majority of respondents (94.7%) are 

knowledgeable on a variety of pests that affect gum production; they are sure which pests can 

affect gum production (Question 32). 

 

Table 4.25. Question 29. Tree locusts (pests) can affect gum production. 

 Frequency Percent Cumulative 

Yes 325 78.7 78.7 

No 88 21.3 100.0 

Total 413 100.0  

 

 

Table 4.26. Question 30. White ants (pests) can affect gum production. 

 Frequency Percent Cumulative 

Yes 94 22.8 22.8 

No 319 77.2 100.0 

Total 413 100.0  

 

 

Table 4.27. Question 31. Desert locusts (pests) can affect gum production. 

 Frequency Percent Cumulative 

Yes 157 38.0 38.0 

No 256 62.0 100.0 

Total 413 100.0  

 

 

Question 33 asked respondents: ‘Do you use gum arabic in your daily life whether in foods or 

drinks?’. The majority (74.3%) indicated that they use gum arabic in their daily life, while the 

minority (24.5%) did not; 1.2% of respondents were not sure whether they use gum arabic in 

their daily life, as indicated in Table 4.29. In addition, most respondents (82.1%) have 

consumed gum arabic in food or drink (Question 34). 
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Table 4.28. Question 32. I am not sure which pests can affect gum production. 

 Frequency Percent Cumulative 

Yes 22 5.3 5.3 

No 391 94.7 100.0 

Total 413 100.0  

 

 

Table 4.29. ‘Question 33: Do you use gum arabic in your daily life whether in foods/drinks?’ 

 
 Frequency Percent Cumulative 

Yes 307 74.3 74.3 

Not sure 5 1.2 75.5 

No 101 24.5 100.0 

Total 413 100.0  

 

Table 4.30. ‘Question 34. Have you ever used gum arabic in your foods and drinks?’ 

 Frequency Percent Cumulative 

Yes 339 82.1 82.1 

Not sure 5 1.2 83.3 

No 69 16.7 100.0 

Total 413 100.0  

 

Questions 35, 36 and 37 ask the respondents to indicate their knowledge on which of the 

medical, cosmetics, paint and confectionary industries use gum arabic. The first rank majority 

(91.8%) answered that the medical and beverage industries use gum arabic (Question 35); the 

second rank (72.9%) answered cosmetics and paint (Question 36), while the third (64.4%) 

answered confectionary (Question 37). Overall, the majority of respondents (96.6%) appear 

knowledgeable on the individual and sectorial industries that utilise gum arabic; they are 

which industry is using gum arabic (Question 38). 

 

Table 4.31. Question 35. The industry of medicine and beverages are using gum arabic. 

 Frequency Percent Cumulative 

Yes 379 91.8 91.8 

No 34 8.2 100.0 

Total 413 100.0  

 

Table 4.32. Question 36. The industry of cosmetics and paints are using gum arabic. 

 Frequency Percent Cumulative 

Yes 301 72.9 72.9 

No 112 27.1 100.0 

Total 413 100.0  
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Table 4.33. Question 37.The industry of confectionary are using gum arabic. 

 Frequency Percent Cumulative 

Yes 266 64.4 64.4 

No 147 35.6 100.0 

Total 413 100.0  

 

 

The findings for the following questions (Questions 39 to 45) can be viewed in next sections. 

For example, Question 39 asks respondents whether soil degradation has a negative effect on 

gum production and quality. The majority of respondents (82.8%) considered soil 

degradation to have negative effects. Only 9.2% of respondents indicated soil degradation to 

not have negative effects. 

 

Question 40 asked respondents whether the entry of several companies into the gum 

businesses would have a positive effect on the production and quality of gums. The majority 

of respondents (93.3%) believed that this factor would have a positive impact on the 

production and quality of gum arabic. Regarding this factor, respondents’ opinions are 

believed to be relatively correct in the sense that if many new companies are able to enter and 

exit the market easily, the industry will become a “perfect competition” industry, in which 

firms can compete with one another on the basis of quality production (Musgrave, Kacapyr, 

& Redelsheimer, 2015; Sloman, Hinde, & Garratt, 2013). Such a scenario would be expected 

to enhance the quality of gum arabic in the longer terms, owing to perfect competition. 

 

 

Table 4.34. Question 38. I am not sure which industry is using gum arabic. 

 Frequency Percent Cumulative 

Yes 14 3.4 3.4 

No 399 96.6 100.0 

Total 413 100.0  

 

 

Table 4.35. Question 39. Do you think the soil degradation has negative effect on gum 

production and quality? 

 
 Frequency Percent Cumulative 

Yes 341 82.6 82.8 

Not sure 33 8.0 90.8 

No 39 9.4 100.0 

Total 412 99.8  

 



112 
 

Table 4.36. Question 40. Do you agree that the entrance of many companies in the gum 

businesses can have positive effect in the productivity and quality of gums? 

 
 Frequency Percent Cumulative 

I agree 374 90.6 90.6 

I am not sure 14 3.4 93.9 

I disagree 25 6.1 100.0 

Total 413 100.0  

 
 

Question 41 (Table 4.37) asks respondents whether a micro finance policy will help gum 

producers and stop the traditional Sheiling system. This scheme is an older trading system 

that had been used in Sudan due to a lack of finance and transportation facilities, where 

small-scale producers in Sudan sell their production to local traders at very low prices by 

exchanging products for supplies of food, sugar, tea and coffee. The actual return to the 

producer was very low when using this approach and did not exceed, on average, 40% of the 

price floor (Ibrahim, 2002). The majority of respondents (83.3%) stated that a micro finance 

policy will help gum producers avoid the traditional system, which was exploitative in nature. 

 

Only a minority of respondents (10.4%) stated that micro finance is not beneficial to 

producers (Question 41). This finding appears rational, since microfinance plays a critical 

role in achieving the United Nations Millennium Development Goals by contributing to 

poverty reduction and economic development, as well as social empowerment (ADB, 2006). 

This finding indicates the applicability and potential success of microfinance policy for 

supporting the gum arabic industry in Sudan. 

 

Table 4.37. Question 41. Do you agree that the Micro Finance Policy will help the gum 

producers and stop the "Shell Systems"? 

 
 Frequency Percent Cumulative 

I agree 344 83.3 83.3 

I am not sure 26 6.3 89.6 

I disagree 43 10.4 100.0 

Total 413 100.0  

 

 

 

Question 42 asks whether respondents believed that the provisioning of water, health and 

education services would encourage gum producers to remain in their established areas, 
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which in turn would assist the sustainability of the industry. Almost all of the respondents 

(98.3%) agreed that the provisioning of water, health and education services has successfully 

assisted the sustainability of the industry. Only 0.7% of the respondents disagreed with the 

statement. 

 

Table 4.38. Question 42. Do you agree that provision of water, health and education service 

will encourage gum producers to stay in their areas, which can help the sustainability of the 

industry? 

 
 Frequency Percent Cumulative 

I agree 406 98.3 98.3 

I am not sure 4 1.0 99.3 

I disagree 3 0.7 100.0 

Total 413 100.0  

 

Questions 43 and 44 (Tables 4.39 -4.40) ask whether women in the gum industry work 

primarily in the area of cleaning and sorting gums, or in the area of packaging and labelling 

gums. In response, 93.5% of respondents indicated that women in the gum industry are 

primarily employed in the area of cleaning and sorting gums. However, only 37.8% of 

respondents agreed that women working in the gum industry were primarily employed in the 

area of packaging and labelling gums. 

 

Table 4.39. Question 43. Women working in the gum industry are mainly in 

the area of cleaning and sorting gums 

 
 Frequency Percent Cumulative 

I agree 386 93.5 93.5 

I am not sure 8 1.9 95.4 

I disagree 19 4.6 100.0 

Total 413 100.0  

 

 

Table 4.40. Question 44. Women working in the gum industry are mainly in 

the area of packing and labelling gums. 

 
 Frequency Percent Cumulative 

I agree 160 38.7 38.7 

I am not sure 21 5.1 43.8 

I disagree 232 56.2 100.0 

Total 413 100.0  

 

 

Question 45 (Table 4.41) asks where respondents learned gum processing skills. As indicated 

in Table 4.26 below, the majority of respondents (51.6%) indicated that they had acquired 
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these skills themselves through practical work; learning by doing. While, 32.9% of 

respondents indicated having learned these skills from family members, most of who were or 

had been employed in the gum arabic industry. 

 

Table 4.41. ‘Question 45: Gum processing is a professional expertise, which requires certain 

skills. How did you learn these skills?’ 

 
 Frequency Percent Cumulative 

Because most of my families have been in 

the gum industry. I learned from them. 

136 32.9 32.9 

I learned by doing at work 213 51.6 84.5 

Not applicable or I am not sure 64 15.5 100.0 

Total 413 100.0  

 

 

Questions 46 to 51 (Tables 4.42 – 4.47) addresses the quality of gum arabic. Particularly, the 

questions enquire whether the quality of gum is related to the colour of gum nodules 

(Question 46), the time of tapping (Question 47), storage and handling (Question 48), 'how 

clean the gum is' (Question 49), the time of collection (Question 50) and the size of gum 

nodules (Question 51). 

 

Table 4.42. Question 46. The quality of gum is related to colour of nodules. 

 
 Frequency Percent Cumulative 

I agree 372 90.1 90.1 

I am not sure 17 4.1 94.2 

I disagree 24 5.8 100.0 

Total 413 100.0  

 

Table 4.43. Question 47. The quality of gum is related to time of tapping. 

 Frequency Percent Cumulative 

I agree 346 83.8 83.8 

I am not sure 32 7.7 91.5 

I disagree 35 8.5 100.0 

Total 413 100.0  

 

 

Table 4.44. Question 48. The quality of gum is related to storage and handling. 

 Frequency Percent Cumulative 

I agree 374 90.6 90.6 

I am not sure 17 4.1 94.7 

I disagree 22 5.3 100.0 

Total 413 100.0  
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Table 4.45. Question 49. The quality of gum is related to 'how clean the gum is'. 

 Frequency Percent Cumulative 

I agree 388 93.9 93.9 

I am not sure 7 1.7 95.6 

I disagree 18 4.4 100.0 

Total 413 100.0  

 

 

Table 4.46. Question 50. The quality of gum is related to time of collection. 

 Frequency Percent Cumulative 

I agree 361 87.4 87.4 

I am not sure 27 6.5 93.9 

I disagree 25 6.1 100.0 

Total 413 100.0  

 

 

Table 4.47. Question 51. The quality of gum is related to size of nodules. 

 Frequency Percent Cumulative 

I agree 364 88.1 88.1 

I am not sure 17 4.1 92.3 

I disagree 32 7.7 100.0 

Total 413 100.0  

 

Overall, the respondents' answers indicated that the quality is dependent on 'how clean the 

gum is' (93.9%) (Question 49), storage and handling (90.6%) (Question 48), the colour of 

nodules (90.1%) (Question 46) and time of collection (87.4%) (Question 50). This is 

followed by the final ranks, i.e., dependent on the size of gum nodules (88.1%) (Question 51) 

and on the time of tapping (83.8%) (Question 47). This ranking is useful for management in 

terms of implementing more robust quality controls and strategic human resource 

implications in the production of gum arabic, since Sudan is considered by some as the 

highest quality producer of gum arabic in the world (Beyene, 1993; FAO, 1990). 

 

The survey questionnaires include Questions 52 to 57 (Tables 4.48 – 4.53). Question 52 

asked respondents whether the use of fire to clear bush in order to reach gum trees affects 

gum quality. The majority of respondents (84.3%) agreed with this proposition, as indicated 

in Table 4.48. Only 9.2% of respondents disagreed with the statement and 6.5% of 

respondents were unsure about the statement. 
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Table 4.48 – ‘Question 52: In some production areas, the use fire to clear the bush and make 

it possible to reach the gum tree. Do you think this practice affects gum quality produced 

from such areas?’ 

 

 Frequency Percent Cumulative 

I agree 348 84.3 84.3 

I am not sure 27 6.5 90.8 

I disagree 38 9.2 100.0 

Total 413 100.0  

 

Question 53 asked respondents about the best and most often used method for drying gums 

following collection. The findings indicate that 81.8% of respondents revealed the best and 

most often used method for drying gums to be leaving it in shade, while 15.3% of 

respondents preferred the method of leaving it in direct sun. Only 2.9% of respondents were 

unsure about the best and most often used method for drying gums following collection. 

 

Table 4.49. Question 53. Which is the best and most used method to dry gums after 

collection? 

 Frequency Percent Cumulative 

Directly under the sun 63 15.3 15.3 

In the shade 338 81.8 97.1 

I am not sure. I cannot decided 12 2.9 100.0 

Total 413 100.0  

 

 

Question 54 asked respondents whether sacks used for sesame, ground nuts, hibiscus and 

sorghum could have a negative effect on the quality of gums. The findings indicate that the 

majority of respondents (85.7%) agreed with this statement, while only 10.7% disagreed. The 

next question (55) asked respondents about the best method for collecting and storing gum 

arabic. The majority of respondents (74.8%) seemed knowledgeable about the best method 

for collecting and storing gum arabic. 

 

Table 4.50. Question 54. Used sacks for sesame, ground nuts, hibiscus or sorgum have 

negative effect on the quality of gums. 

 
 Frequency Percent Cumulative 

I agree 354 85.7 85.7 

I am not sure 15 3.6 89.3 

I disagree 44 10.7 100.0 

Total 413 100.0  
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When the respondents ask: ‘Do you know the best method for collecting and storing gum 

arabic?’ (Table 4.51). The majority of respondents (4.8%) are aware of the best method for 

collecting and storing gum arabic. Correspondingly, these knowledge workers would be 

expected to innovate often and better ways of doing things. 

 

 

Table 4.51. Question 55. Do you know the best method for collecting and storing gum 

arabic? 
 

 Frequency Percent Cumulative 

Yes 309 74.8 74.8 

I am not sure 34 8.2 83.1 

No 70 16.9 100.0 

Total 413 100.0  

 

 

In terms of training, Question 56 inquired whether respondents had attended any workshops 

or training courses on how to handle and deal with gum arabic according to the recommended 

procedures. The findings indicate that 50.6% of respondents had attended training workshops. 

The final question (57) asked whether respondents agreed to their answers to the above 

questions being evaluated and included as part of my research, which I aim to publish in an 

international journal. The majority of respondents (95.4%) answered positively to this 

question that they are willing to participate in answering the survey questionnaires. 

 

 

Table 4.52.  Question 56. Have you attended any workshop or training courses on how to 

handle and deal with gum arabic according to recommended procedure? 
 

 Frequency Percent Cumulative 

Yes 209 50.6 50.6 

I am not sure 13 3.1 53.8 

No 191 46.2 100.0 

Total 413 100.0  

 

 

Table 4.53. Question 57. Do you agree that your answer on the above questionnaires will be 

evaluated and will form part of my PhD thesis, which I plan also to publish in an international 

journal. 

 
 Frequency Percent Cumulative 

Yes 394 95.4 95.4 

I am not sure 13 3.1 98.5 

No 6 1.5 100.0 

Total 413 100.0  
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It is not possible in this study to directly disaggregate the data and examine individual 

respondents (i.e. farmers, cleaners, processors and managers) to the questionnaires.  This is due 

to the fact that the questionnaires specifically avoided asking the respondents to state their 

profession so that all can feel being treated equally. For this reason, this study also involved 

direct questions to managers and executives working in the gum Arabic industry as detailed in 

the following section (see section 4.3). However, it is possible to use the education level to 

gain an idea about the knowledge of quality control and various factors that either influence or 

contribute to the quality. Therefore, a cross tabulation was implemented to investigate the 

relationship between the respondents’ educational level and their understanding of the best 

method for collecting and storing gum arabic (Figure 4.1). The data used for this cross 

tabulation are those given in Tables 4.5 and 4.6 in answer to questions 4 and 5. This set of 

results was correlated with the data given in Table 4.51 in answering question 55 regarding the 

knowledge about quality.  This understanding is important as it forms part of the workers’ 

knowledge of the aspects of the quality control of gum Arabic. 

 
Figure 4.1. Cross-tabulation between the respondents’ education and knowledge of collecting 

and storing gum Arabic. Y axis is the frequency or number of respondents. Data taken from 
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Question 4 - Do you know the best method for collecting and storing gum Arabic? Blue: Yes; 

Red: I am not sure; Green: No 

Figure 4.1 indicates that there is a strong association between the respondents’ educational 

level and their level of understanding of collecting and storing gum arabic. The figure shows 

that the higher the education level, the higher the number of respondents (shown in blue) who 

comprehend quality control systems, except for the respondents with a primary school 

education level. This finding is statistically significant at less than a 1% significance level as 

indicated in Table 4.54 below (with an approximate significant of <.001). 

Table 4.54. Spearman Correlation Significance Level.  

 

 Value 

Asymptotic 

Standard 

Errora 

Approximate 

Tb 

Approximate 

Significance 

Interval by 

Interval 

Pearson's R -.260 .042 -5.458 <0.001 

Ordinal by 

Ordinal 

Spearman 

Correlation 

-.246 .044 -5.154 <0.001 

N of Valid Cases 413    

a. Not assuming the null hypothesis. 

b. Using the asymptotic standard error assuming the null hypothesis. 

c. Based on normal approximation. 

 

Similarly, to the above cross-tabulation, the knowledge of quality control systems (the best 

method for collecting and storing gum Arabic given in question 5 – Table 4.51) was also cross-

tabulated with the respondents’ employment status (given in Table 4.6). Unexpectedly, the 

findings, shown in Figure 4.2, indicate that respondents working part time know more about 

quality control than those working full time. Respondents working full time know less about 

collecting and storing gum arabic. 
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Figure 4.2. Cross-tabulation between the respondents’ employment status and knowledge of 

collecting and storing gum Arabic. Data from Question 4 and 5 - Do you know the best 

method for collecting and storing gum Arabic? Blue: Yes; Red: I am not sure; Green: No 

 

The above finding is not statistically significant as indicated in Table 4.55 (the significance 

level of the Spearman correlation is 0.554c). Alternatively, it can be said that status of 

employment is not related to knowledge of quality control and that respondents working full 

time do not seem to have fuller or better knowledge of the production system than those 

working part time. 

Table 4.55. Spearman Correlation Significance Level 

 

 Value 

Asymptotic 

Standard Errora Approximate Tb 

Approximate 

Significance 

Interval by Interval Pearson's R .056 .060 1.134 .258c 

Ordinal by Ordinal Spearman Correlation .029 .050 .592 .554c 

N of Valid Cases 413    

a. Not assuming the null hypothesis. 

b. Using the asymptotic standard error assuming the null hypothesis. 

c. Based on normal approximation. 
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4.3. Inferential statistics (further analysis of survey questionnaires) 

 

 

This section (4.3) presents inferential statistics of the findings. There are two types of 

statistical information within Chapter 4, namely descriptive statistics (Section 4.2 given 

above) and inferential statistics (Section 4.3). 

 

As described briefly in Section 4.2 (descriptive statistics) describes individual questions by 

using univariate statistics such as mean and standard deviation. Descriptive statistics present 

the findings of the survey questionnaires individually. For example, it covers the description 

of individual Questions 1, 2, 3 etc. such as “What is the majority of respondents, whether 

male or female?”, “What is the average age of the respondents?”, “Are the respondents 

familiar with the tools such as axes and ‘Sonki’, which are used to tap the trees so that gum 

arabic can exudate?” and other questions. 

 

Descriptive statistics also presents the data in a pie chart and histogram in a meaningful way 

to allow visual description of the data. However, descriptive statistics do not analyse data 

beyond mere individual questions. For example, if we want to investigate the relationship 

between different questions, inferential statistics could be used instead of descriptive 

statistics. For example, “Is there any relationship between the respondents’ age (Question 2) 

and the respondents’ knowledge on the soil degradation (Question 39)?”. “Are older 

respondents more knowledgeable on the production aspects of soil degradation?”. These 

types of combined questions can be answered using inferential statistics as the subject of this 

section. 

 

Descriptive statistics such as mean and standard deviation are called statistics because the 

estimated mean and standard deviation are belong to the samples as a fraction of the 

population. The samples consist of the respondents, who work in the field of gum arabic in 

the Nopec Company in Sudan, while the population in this study is defined as overall gum 

arabic workers in Sudan. 

 

Correspondingly, if we want to employ these samples to make generalisations about the 

population from which the samples were drawn, inferential statistics need to be employed. 
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Some methods of inferential statistics are among other the analysis of correlation coefficient 

among variables and testing of statistical hypotheses whether there is relationship among 

variables or items in the survey questionnaires (Wonnacott & Wonnacott, 1990). 

 

Table 4.54 below provides the implementation of inferential statistics. It provides the analysis 

of coefficient correlation among variables. Variables are defined here as the items or 

questions on the survey questions. Coefficient correlation is defined as a measure of 

association between two variables (Wonnacott & Wonnacott, 1990). The range of values for 

the association or correlation coefficient (r) is -1.0 to 1.0 or -1 ≤ r ≤ 1. Following the 

statistical literature (Field, 2013; Hardle & Simar, 2007), the following rule of thumb of a 

correlation coefficient can be summarised. 

 

A correlation coefficient ranges between +1 to -1. Hence, it can be either positive (+) or 

negative (-). Positive correlation coefficient indicates there is a positive correlation between 

two variables. If r equals to +1 (100%) indicating a perfect positive correlation. Conversely, a 

correlation coefficient of -1 (-100%) indicates a perfect negative correlation, in which change 

in the value of one variable (say question no. X) are associated exactly with a change in the 

opposite direction in the second variable (say question no. Y). The higher the r value is (by 

being closer to +1 or -1), the stronger the correlation or association is between the variables. 

Likewise, the lower the r value is (by being closer to zero), the less correlated the variables is. 

Hence, a lesser degree of correlation are expressed empirically as r approaches zero. A 

correlation coefficient of zero indicates there is no relationship or no association between the 

variables at all. Note: although most statisticians consider that correlation coefficients being 

higher than 70% are strong (Field, 2013; Tabachnick & Fidell, 2006; Wonnacott & 

Wonnacott, 1990), this research reports only correlation coefficients, which are higher than 

40%. 

 

SPSS software package calculates two types of correlation coefficients, namely Pearson and 

Spearman correlation coefficients (see Research Methodology, Chapter 3, Section 3.2.6). 

This research employs Spearman correlation coefficient because Pearson correlation is more 

suitable to evaluate the relationship between metric or ratio data (Wonnacott & Wonnacott, 

1990). 
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For example, we might use a Pearson correlation coefficient to evaluate whether an increase 

in the respondents’ salaries (such as £200, £250, £300 per week etc) can be associated with a 

rise in the respondents’ ages (such as 25, 30, 35 years old etc). In this case, both incomes and 

ages are considered as metric or ratio data (quantitative), in which we can perform 

mathematical operation. While, Spearman correlation is more suitable to analyse correlation 

between nominal and ordinal data such as multiple choice answers in the survey 

questionnaires. For example, “What is your weekly income bracket?” with multiple choice 

answers of (1) very low income levels, (2) middle income levels and (3) very high income 

levels. “How old are you?”, with multiple choice answers of (a) 20-25 years old, (b) 26-30 

and (c) 31-35. In this case, mathematical operations cannot be performed. For example, we 

cannot say 1 x a = 2 x b because the data is considered nominal or ordinal data (qualitative).  

 

After distributing the survey questionnaires to the respondents, Table 4.54 gives correlation 

among a pair of questions, which are empirically significant at 1% (**). Coefficient 

correlation (r) is defined here as a Spearman measure of association between two variables. 

In this study, a variable is defined as an item in the survey questionnaires. This study uses 

survey questionnaires, which contain 57 questions. 

 

For example, r between Question 2 (‘the respondent’s age’) and Question 3 (‘the length of 

time working in the industry’) (Table 4.54) was found to be 0.655 or 65.50%, this finding 

indicated positive correlation or positive association between Question 2 and 3. This means 

the older the workers, the longer they worked within the gum arabic industry. Another 

explanation for this correlation that workers in the gum arabic industry tend to stay for a 

longer period (low staff turnover). 

 

Contrastingly, if r was found to be negative of -0.821 or -82% between Question 11 (‘North 

Kordofan area is producing gum arabic.’) and Question 14 (‘I am not sure which area is 

producing gum arabic.’), this negative r indicated that the respondents (who agree that North 

Kordofan area is producing gum arabic) tend to be knowledgeable in gum arabic areas in 

Sudan. Hence to summarise, a positive r indicates both variables increases in values at the 

same time. On the contrary, a negative r implies that when a value of one variable (say 

Question A) increases, the other variable (say Question B) decreases. 
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Apart from the absolute value of r (r being closer to 1), whether the association or 

relationship between variables is significance or not, we can examine the strength of a 

correlation coefficient by looking at the p value, which is expressed in SPSS in a statistical 

probability level (see Section 3.2.6), such as whether the correlation is significant at a 1% 

level or a 5% level. For example, if r is found to be significant at a 5% level, the confidence 

level of the finding would be 95%. While, if the correlation is significant at a 1% level, the 

confidence level of the finding would be 99%. Hence, the smaller the p value, or the smaller 

the significance level of α (being closer to zero), the more confidence we are about the 

robustness of the finding (Field, 2013; Dalgaard, 2008). 

 

In the first stage of this study, all 57 questions were correlated with each other to examine the 

degree of relationship between the respondents’ perception on gum Arabic and the 

respondents’ demographics and other relevant factors. Although SPSS software package 

reports all correlations, this study focuses on the relationship between variables, which are 

significant at a 1% level or a 99% confidence level. In addition, only stronger correlation 

coefficients (being at least 40% or higher) were reported. Coefficient correlations being less 

than 0.4 (40%) were not reported since it is considered ‘relatively weak’ correlation or 

association between variables (Field, 2013; Dalgaard, 2008). Correspondingly, Table 4.56 

provides the summary of SPSS results on the correlation coefficient between the variables or 

the questions or items on the survey questionnaires (Column Questions). 

 

Table 4.56. The coefficient of correlation (Spearman rho r) is significant at the 1% level 

 
Question Number  Correlation Coefficient  

Questions 11 and 14 -0.821 

Questions 2 and 3 0.655 

Questions 1 and 2 -0.623 

Questions 1 and 3 -0.517 

Questions 1 and 55 0.513 

Questions 1 and 17 0.476 

Questions 7 and 9 -0.467 

Questions 11 and 17 0.449 

Questions 2 and 55 -0.445 

Questions 47 and 50 0.441 

Questions 47 and 48 0.428 

Questions 2 and 17 0.425 

Questions 11 and 38 0.406 
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Since a correlation coefficient being less than 0.40 suggests a weak association (Field, 2013), 

correspondingly, this research reports only a correlation coefficient being higher than 0.40, 

while a correlation coefficient being close to zero suggests no linear association between two 

continuous variables. A closer examination of Table 4.54 indicates the highest and significant 

r was found to be -0.821 between Questions 11 and 14 as explained previously. Then it is 

followed by r being -0.655 between Questions 2 and 3 and r being -0.623 between Question 1 

& 2 and r being -0.517 between Question 1 & 3 and others. 

Question 11 asks the respondents that ‘North Kordofan area is producing gum arabic’, while 

Question 14 concerns with ‘14-I am not sure which area is producing gum arabic’. This 

negative association (r=-0.821) implies that the respondents (who state that North Kordofan 

area is producing gum arabic) tend to be confident respondents, who are knowledgeable 

about the geographical areas in Sudan, which produce gum arabic. Since some of the 

association between the variables do not have any empirical meaning, this study focuses on 

the association, which relates directly to the research objectives of the research. 

 

Question 2 asks the respondent’s age (“How old are you?”), while Question 3 asks the length 

of time the respondent has worked in the industry (“3-How long have you worked in the gum 

arabic or related industry?”). Coefficient correlation was found to be positive of 0.655. This 

correlation is significant at a 1% level that the older the respondents, the longer they worked 

in the gum arabic industry. Alternatively, the younger respondent tends to work for shorter 

period of time than the older respondents. 

 

Question 2 asks the respondent’s age (“How old are you?”), while Question 1 asks the 

respondents’ gender. Coefficient correlation was found to be -0.623. This correlation is 

significant at a 1% level that the older the respondents, they tend to be male workers. 

Alternatively, the younger respondent tends to be female. The very likely explanation for this 

strong correlation is supported by the fact that significant number of female workers tend to 

be seasonal workers employed mainly in the cleaning and sorting of gum arabic following 

harvest. 
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Question 1 asks the respondent’s gender (male or female), while Question 3 asks the length 

of time the respondent has worked in the industry (“3-How long have you worked in the gum 

arabic or related industry?”). Correlation coefficient was found to be negative of 0.517. This 

correlation is significant at a 1% level that the female respondents tend to stay longer in the 

gum arabic industry. Alternatively, the male respondent tends to work for a shorter period of 

time in the gum arabic industry. Other correlation coefficients (Table 4. 56) can be 

interpreted similarly. For example, Question 1 asks the respondent’s gender (male or female), 

while Question 55 asks ‘Do you know the best method for collecting and storing gum arabic? 

Correlation coefficient was found to be positive of 0.513. This correlation is significant at a 

1% level that the female respondents does not tend to know the best method for collecting 

and storing gum arabic. Conversely, the male respondents tend to know the best method for 

collecting and storing gum arabic. 

 

Question 1 (‘Gender’) and Question 17 (‘AlObeid is the main auction market for gums in 

Sudan’) produced a correlation coefficient of 0.476. This indicates that the male respondents 

tended to know more about AlObeid compared to the female respondents. 

 

A correlation coefficient of -0.467 was obtained from Question 7 (‘The Senegal Acacia tree 

can produce gum arabic’) and Question 9 (‘I am not sure which tree can produce gum 

arabic’). This negative correlation means that the majority of respondents, despite working in 

the gum arabic industry, do not know exactly which tree can produce gum arabic. 

 

Question 11 (‘Noth Kordofan produces gum arabic’) and Question 17 (‘Al Obeid is the main 

auction market’) gave a correlation coefficient of 0.499, indicating that the respondents (who 

were from North Kordofan and produced gum arabic) tended to know that Al Obeid was the 

main auction market in Sudan. It should be noted that these results can be mostly explained 

by the fact that bulletins and newspapers in Sudan typically report on this area. 

 

Questions 2 and 55 asked the respondents’ ages and whether they knew the best method for 

collecting and storing gum arabic. A negative correlation coefficient (-0.445) indicated that 

the older the respondent, the more likely they were to know the best method for collecting 

and storing gum. This phenomenon also relates to previous findings that older workers have 

been in the industry for longer periods. 
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Question 47 (‘Quality of gum related to time of tapping’) and Question 50 (‘Quality of gum 

related to time of collection’) provided an r value of 0.441, which indicates that the more the 

respondents are knowledgeable about the time of tapping, the more the respondents are 

knowledgeable about the best time to collect gums. This understanding relates to the existing 

workers’ knowledge about well-established practices in gum production, discussed 

previously in Chapter 2. For example, the best time to collect gum arabic is not in the 

morning, because the gum nodules tend to be hard. Removing the gum nodules at this time 

will stop further exudation in the same area (Chapter 2, Section 2.4). 

 

Questions 47 and 48 (‘Quality of gum related to time of tapping’ and ‘Quality of storage and 

handling’) yielded a correlation coefficient of 0.428, indicating that the respondents who are 

knowledgeable about the time of tapping are also knowledgeable on the aspects of quality 

and the subsequent handling of the gum. This positive correlation confirms that most workers 

in the production areas are knowledgeable about quality control factors, which can affect the 

quality of gum arabic. 

 

Question 2 (‘Age’) and Question 17 (‘Al Obeid is the main auction market’) gave a 

correlation coefficient of 0.425, indicating that the older respondents are more knowledgeable 

about the main auction market in Sudan than the younger respondents. 

 

4.4. Open-ended questions (‘interviews’) 

 

In the earlier sections 4.2, the closed-ended questions were provided to the respondents, in 

which the respondents could select an answer by selecting one right answer from the choice 

of multiple answers. Closed-ended questions are those which can be answered by a simple 

‘yes’ or ‘no’, while open-ended questions are those which require more thought and more 

than a simple one-word answer. 

 

For example, Question 1 asks the respondents “What is your gender?”. The respondents were 

given choices: (1) Male or (2) Female. However in this section, open-ended questions were 

distributed to the respondents and the respondents are required to provide long answers not 

merely “Yes” or “No” answer. Hence, open-ended questions prompt people to answer with 

sentences, narrative and stories, it gives deeper and more detailed insights. The respondents’ 
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answers in the form of communicated texts can be analysed by using Thematic Analysis 

(Lewis-Beck et al., 2004). 

 

The open-ended questions were given to selected respondents. The respondents were selected 

by using Maximum Variation Sampling (MVS). MVS can be defined as selecting samples by 

including a variety of respondents in a wider range of extremes (Lewis-Beck et al., 2004). 

The respondents were sent the open-ended questions by post and by email, in which we 

requested them to give long and comprehensive answers. From 20 requests, 15 respondents 

answered the questions (sample or n=15), which will be analysed by using Thematic Analysis 

(TA). 

 

The concept behind MVS is that by obtaining answers (communicated texts) from different 

types of people, their aggregate answers can be optimised to be near with the opinion of the 

whole population. There are a variety of MVS in real life. For example, we may ask an open-

ended question across different gender such as male and female, across different age ranges 

such as younger respondents, middle-aged respondents to elderly respondents, across 

different occupations such as secretarial and managerial roles, across different expertise such 

as forestry experts and production experts and other characteristics. It is intended by using 

MVS, this thesis will be able to provide more robust and comprehensive findings. 

 

Four open-ended questions were provided below. 

 

1) Considering various local practices in Sudan (from tapping, collecting, transporting, 

sorting and storing), in your opinion, what would be a strategic recommendation to 

improve the production of gum arabic? 

2) Facing a highly competitive world environment, what would you suggest to gum 

arabic producers in Sudan to successfully sell gum arabic in the international market? 

3) What would you suggest to gum Arabic producers to develop a traceability system 

that provides a quality assurance system so Sudan can produce high quality gum 

arabic? 

4) In your opinion, is there any relationship between gum arabic quality and local 

practices, and what would you suggest to improve local practices? 
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As well as analysing survey questionnaires using the SPSS software package, this study also 

employs Thematic Analysis (TA) to analyse the communicated texts. TA is described in the 

literature as a qualitative research tool used to explore critically the presence of certain 

‘themes’ or ‘keywords in context (KWIC)’ within communicated or interview texts 

(Boyatzis, 1998; Lewis-Beck et al., 2004; Saldana, 2009); while themes can be described 

here as patterns across the communicated texts that are relevant to addressing the research 

questions. 

 

The respondents were selected purposively using Maximum Variation Sampling (MVS) from 

experts in the field of gum arabic. MVS in the sampling literature (Lewis-Beck et al., 2004; 

Saunders, 2015) is described as a heterogeneous sampling technique. Within the context of 

this research, MVS is a purposive sampling technique employed to capture a wide range of 

expert perspectives relating to gum arabic. Accordingly, there are a variety of expert 

respondents in this study, namely project managers, research and development directors, 

experts and relevant stakeholders associated with gum arabic production, including gum 

arabic exporters, forestry and rural development experts, university lecturers on the subject, 

an expert member of the Gum Arabic Board (GAB) and quality control managers from 

various gum arabic processing companies based in Sudan (see section 2.6). The intention is 

that by employing MVS, more robust and detailed technical findings can be proposed and 

summarised heterogeneously from a variety of experts (Lewis-Beck et al., 2004; Palinkas et 

al., 2015). 

 

The names of the respondents have also been protected in accordance with the ethical 

requirements of ‘anonymity’ and ‘confidentiality’ (Berg & Lune, 2013). ‘Anonymity’ 

involves removing the respondent's name in order to protect their identity; ‘confidentiality' 

relates to the protection of the opinions voiced by the respondents, since the aim of this 

research is specifically to access expert opinions on gum arabic. 

 

In TA, the presence, meanings and relationships within the communicated texts are explored 

to draw inferential conclusions in relation to the thematic aspects of the texts. In using TA, 

there will be dominant themes or KWICs that emerge from the communicated texts. 

Accordingly, the research findings in this study are dominated by a few important themes or 

KWICs. In implementing TA, this study uses the NVivo software package for coding the 
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communicated texts into conceptual categories or themes and then applying relational 

analysis within the thematic codes. 

 

TA was used in this study for several reasons: first, it is the most suitable qualitative method 

to address the research questions, since it is an inductive approach that explains people’s 

perceptions and opinions in the business environment (Berg & Lune, 2013; Bryman, 2015); 

second, since a coding process was applied to the communicated texts by using the concept of 

thematic coding, TA is the most appropriate methods (Lewis-Beck et al., 2004); third, 

although there has been an abundance of research papers on the subject of gum arabic since 

the 1960s (Abdulkader, 2017), there has not been any paper written on the use of TA to 

explore aspects of gum arabic, production activities and quality control systems, particularly 

for guiding further empirical research. 

 

The process of coding makes use of the NVivo software package. First, ‘open coding’ 

entailed assigning the communicated texts to categories identified from the data using the 

concept of hierarchical codes in NVivo. Second, ‘thematic coding’ was undertaken by 

analysing relationships between the higher level (‘parent’) and lower level (‘child’) 

categories. Following the data analysis, this research presents the main findings in a dynamic 

mind-map model. The dynamic model was employed because it links directly to the data. 

Since the model is ‘live’, i.e. connected to the data, it is empirical rather than theoretical 

(static). The literature on the methodology also indicates that the dynamic model is the most 

efficient media for visually communicating research findings. The superiority of dynamic 

modelling over others is that it provides not only detailed and rigorous aspects of the research 

findings, but also provides a comprehensive overall structure for empirical research findings 

– detailing but also encompassing. The elements within dynamic and mind-map models are 

arranged by NVivo according to the relative importance of each theme. Accordingly, it 

communicates research findings visually by taking a fundamentally different approach from a 

merely ‘traditional’ written explanation of the research. 

 

This section discusses the findings of the qualitative analysis by exploring the themes or 

patterns of the communicated texts of the respondents’ answer.  

 

As discussed in the Methodological Section, the respondents were selected by using 

Maximum Variation Sampling (MVS) in order to obtain a variety of expert opinions on gum 
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arabic. In total, 15 respondents replied to our request, in which the communicated texts from 

the respondents are provided in Appendix 1. In order to maintain the respondents’ thematic 

and real meaning, the texts are presented verbatim in the Appendix without editing. 

 

Question one asks the respondents about their opinion and strategic recommendation to 

enhance the production of gum arabic in Sudan based on their expertise. 

 

The feedback from the expert respondents indicates that there are several thematic codes, 

which are embedded in the communicated texts. The codes show parent codes (in higher 

level categories) such as facilitating factors and hindrance factors (Figure 4.3) while the child 

codes represent the components of facilitating factors as well as the components of hindrance 

factors (in lower level categories). 

 

 

Figure 4.3. Thematic analysis for the interview transcripts obtained in this study 

 

 

The thematic analysis reveals that gum arabic production has remained underdeveloped in 

comparison to its positive potentialities because of some constraints. However, despite the 

constraints, there are also some facilitating factors, which potentially could boost its 

production. 

 

Gum Arabic 
Productivity 

Inhibiting 
Factors

Facilitating 
Factors
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Figure 4.3 indicates that there are some negative factors that inhibit the productivity 

improvement of gum arabic production. These are known as inhibiting or hindrance factors or 

obstacles or constraints in thematic codings, such as traditional practice in tapping, collection, 

sorting, storing and transporting gum arabic. This traditional practice such as tapping using 

axes inhibits gum productivity. Conversely, tapping should be done with specialised tools 

such as a ‘sonki’. In addition, the use of plastic bags for collecting gum should be 

discouraged. Hence, local baskets made from palm leaves should be used instead of using 

plastic bags. 

 

The thematic analysis (Figure 4.4) reveals that socioeconomic constraints materialise because 

most of the producers and workers are relatively aged people; ‘older workforce. Accordingly, 

a human resource (HR) strategy should be designed by the government and the industry to 

encourage a younger workforce to enter the industry because of several potential benefits. For 

example, the literature on human resource indicates that a younger workforce is more 

enthusiastic and sincere in the workplace compared to that of an older workforce. In addition, 

a young workforce is more willing to work flexible extra hours and come up with innovative 

new product development, service delivery and fresh initiatives that would help the industry 

grow by enhancing the traditional standards with their updated knowledge. 

 

In addition, only 10% of the productive area can be tapped because there is not enough labour 

and the workforce consists mostly old producers and workers. Accordingly, the 

mechanisation of tapping for more coverage of the area should also be developed towards a 

younger workforce; although, due to a lack of experience, a younger workforce may make 

technical mistakes. However, this limitation can be accommodated by providing more 

specialised micro training for a younger workforce. 

 

Transportation infrastructure was quoted by the respondents as one of the constraints, which 

considerably affects gum production. Therefore, it can be suggested that gum arabic is 

transported through trains from various production areas towards shipping ports. 

Transportation costs affect the profitability of gum arabic by increasing overall costs. Hence, 

with higher transportation costs, it is difficult to maintain competitive prices in the world 

market. In addition, inefficient transportation makes gum arabic products not easily 

accessible to the end users. Apart from the transportation issues, other infrastructure could 

also be developed in the areas of water and storage surrounding gum arabic production areas. 
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Other hindrance factors from an institutional angle are the existence of relatively higher taxes 

(a government policy). This burden of tax increases the final price of gum arabic, thus, the 

final price is no longer competitive in the world market. This has resulted in a loss of trade 

because customers purchase gum arabic from other suppliers or countries. In addition, 

because of these institutional barriers, a considerable amount of gum arabic is exported 

through illegal channels such as smuggling to neighbouring countries. Overall, this will lead 

to a decline in Gross Domestic Income (GNI), as the production could be sold at a higher 

price in the world market. 

 

 

 

 

Figure 4.4 – Thematic Analysis of Hindrance Factors, which are generated from the interview 

transcripts obtained from the interviewees, n=15. 
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Apart from the above institutional problems, from a technological perspective, the industry 

and the government should encourage an adoption of best practices concerning nursery 

operations, land preparation and tapping techniques as well as encourage developers of 

intermediate technologies to design efficient tools for tapping, collection and primary 

processing. 

 

In summary, the thematic analysis reveal the constraints from several angles, such as 

infrastructural, technological, socio-economic and institutional. Strategic recommendations 

should be designed with collaboration from the industry, the producers as well as the 

government through comprehensive awareness programmes and training to be able to 

produce high-quality gum arabic that meets the international market standard. 

 

Conversely, there are several facilitating factors (Figure 4.3) that facilitate gum arabic 

productivity. One example is bank financial assistance such as the sheilla system, which 

gives a positive benefit to improve the farmers’ revenue. Unfortunately, the system has yet to 

be fully implemented on a larger scale to generate further benefits. Apart from the Sheila 

system, the industry has implemented training to increase staff production capacity such as 

training in adopting the appropriate tapping, the timing for collection and improving the 

methods of tapping by using modernised tools to integrate the new technological innovations. 

 

In addition, there is more opportunity in terms of higher demand for gum arabic in the future 

because gum arabic will be used as part of a meal, in addition to food additive functions. 

Some specialised training has been done in the industry such as the use of sonki for tapping 

in proper time, using proper and special sacks for transportation including storing and sorting 

classified gum. However, this type of training should be promoted comprehensively to all 

producers of gum arabic in Sudan, such as implementing the operation after a specific period 

after tapping (45 days) – this tapping is known as the first picking, then it is followed by the 

second and the third picking. Finally, training in storing gum arabic in a suitable shaded, 

well-drained and ventilated area should also be covered. 

 

The thematic codes use the concept of parent and child codes in relation to the hierarchical 

categories and subcategories in coding (Bryman, 2015). It further indicates that there are 

significant socioeconomic, technological, infrastructure and institutional obstacles. These 

institutional problems stem from the fact that there has not been comprehensive support from 
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the government to implement total quality control systems in gum arabic because of resource 

limitations. For example, these human capital issues appeared to originate from the lack of 

training and inadequate knowledge of gum arabic. However, the industry and the government 

should comprehensively support this training activity otherwise it will result in an 

inconsistent process within the industry that directly affects the company’s product quality. 

Working collaboratively with other African exporting countries (such as Cameron, Ghana, 

Tanzania, and the Central Africa Republic) and the gum arabic belt (such as Tanzania and the 

Central Africa Republic) is recommended to avoid a ‘price war’ among suppliers and 

countries, which decline the overall profit. 

 

 

 

 

Figure 4.5 – Facilitating Factors for possible development of gum arabic industry in Sudan 

(generated from the interview transcripts obtained from the interviewees (n=15) 

 

 

 

Product quality is important for gum arabic companies. Maintenance of high-quality gum 

arabic secures a high level of demand. Conversely, poor quality gum arabic affects the 

consumer’s confidence and sales. Figure 4.3 above indicates that there are several facilitating 

factors, which affect gum arabic quality. The above themes can also be grouped into several 
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factors such as use of production technology, skill set, tools, and experience of labour, 

storage facilities and transport facility. 

 

 

4.5. Findings on National (Secondary) Data (1970 to 2018) 

 

This section presents the external environment of the gum arabic industry in Sudan covering 

the development of the industry from 1970 up to the present time. The secondary data was 

obtained from the Gum Arabic Board (Sudan). 

 

This section is important as the findings can be analysed concurrently with the findings in the 

sections (Descriptive and Inferential Statistics) because the reader will comprehend the 

development of gum arabic industry in Sudan in a longitudinal trend as Sudan is considered 

to be the leading country in both production and export of gum arabic. For example, Acacia 

Senegal has been exported from Sudan to the world since 1970s; 80% of the world’s gum 

trade has originated from Sudan. The secondary data contains annual figures of the quantity 

of the Hashab (Acacia senegal) and Talha (Acacia seyal) exported in tons, the total quantity 

exported (Hashab and Talha) in tons and the total income of Sudan gum arabic industry in 

million US dollars as indicated in Table 4.57 below. 

 

Table 4.57. Gum arabic (Hashab and Talha) exports from Sudan (in metric tons) and 

the industry’s income (in millions US Dollars) from 1970 to 2017 

Source: Gum Arabic Board Sudan 

Year Export Income Year Export Income Year Export Income 

1970 47,840 $26.00 1986 18,717 $48.73 2002 30,462 $28.01 

1971 43,871 $24.50 1987 17,744 $78.79 2003 30,285 $29.30 

1972 45,128 $28.13 1988 18,603 $55.71 2004 13,994 $30.14 

1973 36,214 $23.51 1989 19,352 $46.79 2005 29,213 $107.60 

1974 20,804 $44.57 1990 26,912 $54.59 2006 20,619 $50.20 

1975 15,845 $23.52 1991 24,978 $50.82 2007 30,875 $51.90 

1976 26,200 $37.47 1992 14,078 $23.50 2008 32,217 $60.00 

1977 24,373 $46.73 1993 15,730 $40.04 2009 47,857 $73.20 

1978 35,180 $51.13 1994 22,755 $78.09 2010 55,231 $77.90 

1979 42,666 $51.00 1995 16,847 $49.93 2011 52,928 $77.80 

1980 33,301 $42.61 1996 13,722 $24.67 2012 47,491 $82.20 

1981 35,553 $49.07 1997 22,548 $26.14 2013 63,012 $134.20 

1982 30,224 $43.18 1998 20,989 $20.35 2014 59,698 $96.97 

1983 41,248 $57.69 1999 19,828 $19.15 2015 63,450 $111.12 

1984 33,236 $45.39 2000 24,719 $25.40  2016 61,782  $98.29  

1985 26,828 $36.78 2001 20,332 $21.31 2017 72,084 $104.09 
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The data (Table 4.57 and Figure 4.8) indicates that in 1970, Sudan exported 47,840 tons of 

gum arabic to other countries. However, since 1970 gum arabic export has fluctuated 

considerably reaching the lowest of 15,845 tons in 1975. In 1979, the export of gum arabic 

reached its highest performance during 1970s. That is, the export performance accounted for 

42,666 tons in 1979 and 41,248 tons in 1983. Unfortunately, from 1984 to 2004, the 

performance of the gum arabic industry was considered low and poor; the export fluctuated 

considerably as indicated by Figure 4.8. 

 

There are several reasons for the wide and non-optimal fluctuation from 1984 to 2004. These 

include natural reasons (draughts, poor harvest caused by continuous rain) as well as 

competition from other gum arabic producers of other African countries, disordered domestic 

organizations of gum pricing managed by Gum Arabic Company (GAC) as well as lacking 

marketing aspects of the commodity from the gum arabic industry. There are basically two 

main aspects of production and marketing, which can be enhanced by the industry to be able 

to compete successfully in the world market of gum arabic. This study aims to fill the gap in 

the literature and provide strategic recommendation for both the practitioners, the gum arabic 

industry and the government to enhance the export of gum arabic hence raising Sudanese’s 

Gross National Income (GNI). 

 

Another reason for the declining gum arabic export from Sudan is the policy of monopoly 

practiced by GAC. The policy seemed to have negative effects on the export performance 

because the price frequently given by GAC to the gum arabic producer was not optimal; it did 

not consider the interaction between the demand and the supply of gum arabic during the 

period 1984 to 2004. This pricing factor had been considered unfair to the producers because 

they were unable to obtain a fair equilibrium price or even lower prices for their produce. 

Because of this pricing, this had resulted in lower gum arabic production leading to a lower 

export performance. Apart from the unfair pricing practices, on some occasions, GAC did not 

honour its obligations to pay the producers of gum arabic in Sudan fully. Lastly, services 

such as providing water, extensions etc. were not offered by GAC as promised by its policy 

to the gum Arabic producers. Overall, the above issues had impacted gum Arabic production 

between 1984 and 2004, which had resulted in the weak performance of gum arabic export 

from Sudan to the rest of the world during the period. 
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Figure 4.6. The gum arabic (Hashab and Talha) exports from 1970 to 2017. 

 

 

The performance of Sudan gum arabic has improved considerably since 2004: from 13,994 

tons in 2004 to 63,450 tons in 2015 to 72,084 in 2017. This steady improved export 

performance needs to be maintained by the producers, Gum Arabic Board and the 

government to increase gum arabic production in Sudan so the country will be able to 

maintain its position as the leading exporter among other African countries, which produce 

similar commodity. 

 

Following the optimistic scenario (see the dotted line in Figure 4.8), this opportunity should 

be optimized further by the producers, GAC and the government because gum arabic is 

considered to be a main ingredient for certain industries in the world such as the food, drink 

and pharmaceuticals and manufacturers of soft drinks, confectionary, cosmetics, paints, 

medicine, etc (see section 1.4). Since, it is the basic or main ingredient, it cannot be 

substituted by other commodities. 

 

The results reveal that, since the establishment of the Gum Arabic Board in Sudan in 2011, 

more efforts have been devoted to collecting accurate national export data for Acacia senegal 

and Acacia seyal. Figure 4.7 provides the export trends (in metric tons or MT) on a monthly 

basis, from 2012 to 2018. It should be noted that the data for 2018 is incomplete and 

available only until the end of September. Figure 4.7 shows that, on average, the export 

performance was around 5,000 MT per month over the time period. However, there was a 
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slight variation depending on the year. The highest production since 1970, 72,084 MT, was 

reported in 2017. Correspondingly, the trend in 2018 was optimistic, indicating continuous 

growth in the gum arabic industry.  

 

Figure 4.7 shows the total export trends for specific gum varieties from 2012 to 2018, 

including Acacia senegal and Acacia seyal. The steady increase in the total exports from 

2012 to 2018 reveals that the exports of Acacia seyal gradually increased, while there was a 

decline in the total exports of Acacia senegal. 

 

 

 

Figure 4.7. Export (MT) of gum arabic on a monthly basis from 2012 to September 2018. 

Data obtained from the Sudan Customs Corporation via the Gum Arabic Board (Sudan) 

 

 

Figure 4.8 shows the total export trends for specific gum varieties, including Acacia senegal 

and Acacia seyal. The steady increase in the total exports from 2012 to 2018 reveals that the 

exports of Acacia seyal gradually increased, while there was a decline in the total exports of 

Acacia senegal. 
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Figure 4.8. Export (MT) of gum arabic on an annual basis from 2012 – September 2018 for 

Acacia senegal and Acacia seyal.  Data obtained from the Sudan Customs Corporation via the 

Gum Arabic Board (Sudan)4.58. 

 

Table 4.58 gives the percentage of gum arabic export during 2013 – 2018 to various 

countries. France is the top importer followed by India, USA, UK and Germany. On average 

more than 50% of the Sudanese export goes to France followed by India at 23%. The average 

% export to the USA, UK and Germany is 7, 5 and 6% respectively. Other destinations 

include countries in the Far East (mainly Japan, China and Thailand).    

 

Table 4.58. Sudan Exports of Gum Arabic (2013-2018) to various countries from 2013 to 

2018. Data obtained from Sudan Customs Corporation via the Gum Arabic Board.   

 

Countries  /  Tons/% 2013 2014 2015 2016 2017 2018 

France 53% 53% 55% 44% 51% 58% 

India 18% 19% 25% 33% 20% 22% 

USA 8% 12% 5% 5% 8% 6% 

United Kingdom 7% 3% 4% 4% 5% 4% 

Germany 5% 6% 5% 5% 7% 6% 

Others 9% 7% 7% 10% 9% 4% 

Total 100 100 100 100 100 100 

 

France being the top importer of gum Arabic is due to the well-established business link 

between France and Sudan and mainly driven by two large companies (Nexira and Alland & 
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Robert), see Table 1.5. These two companies have established large spray drying facilities 

and therefore able to sell gum Arabic worldwide to end users both in crude, processed and 

spray dried forms.  

 

4.6. Summary 

 

This research collected primary data by distributing interview questions and survey 

questionnaires to selected respondents. Since this research asks for people’s opinions, 

correspondingly, ethical approval was required before distributing the survey questionnaires 

and the interview questions to the respondents. 

 

The ethical approval was obtained from the university with the objectives as follows: to 

protect respondents; to ensure that the research was conducted for the benefit of the society as 

a whole; and to ensure that the research was ethically sound in terms of minimising risk to the 

respondents, the researcher and the university, implementing confidentiality protection and 

asking for an informed consent from the respondents. 

 

The findings from the survey questionnaires indicated that the majority of the participants 

were male. Furthermore, the findings also revealed that the respondents were knowledgeable 

about gum arabic production and quality control systems, such as: understanding about a 

successful harvest season, hazardous pests, technical tools to improve gum productivity and 

the best method for collecting and storing gum arabic. 

 

Most respondents agreed that the provisioning of water, health and education services and 

other infrastructures has profited the industry. The findings indicated the existence of a 

relationship between the respondents’ perception of gum arabic and the respondents’ 

demographics. For example, the workers from North Kordofan were more knowledgeable 

about gum arabic production. In addition, the younger workers tend to work for shorter 

periods of time than the older workers. 

 

The findings from open-ended questions (interviews) indicated the existence of both 

facilitating factors and hindrance factors in the gum arabic production in Sudan. These are 

known as inhibiting or hindrance factors (or obstacles or constraints) such as the traditional 
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practices of tapping, collection, sorting, storing and transporting gum arabic. The traditional 

practices, such as tapping using axes, inhibits gum productivity. 

 

Conversely, there are several facilitating factors that facilitate gum arabic growth and 

productivity, such as the sheilla system, which gives a positive benefit and improves the 

farmers’ revenue. Additionally, training staff in timing and tapping increases gum production 

capacity. This training should be maintained because the positive performance of Sudan gum 

arabic, which has improved considerably since 2004 from 13,994 tons to 72,084 tons in 2017 

and most recently reaching 53,847 up to end of September 2018. 
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5.1. Introduction 

 

This chapter will deal with the analytical data generated at Nopec quality control laboratory 

as well as those generated at the Hydrocolloids Research Centre. The data were obtained 

from four production seasons (2013 – 2016) with a total number of samples of 385 originated 

from six production areas as described in Chapter 3 (section 3.5.1). The arrival of samples at 

Nopec factory (Khartoum, Sudan) was taken as the date of production. Depending on the 

season the arrival of samples at the factory started from January and continued to September.  

The measurements carried out on the samples were as follows: moisture content (MOIST), 

optical rotation (ROT), viscosity (VISC), ash content (ASH), colour at 22.5 wt% (C25PCT), 

pH (pH), tannin content (TAN) and colour Gardner at 1% (COLOUR GARDNER). These 

will be called throughout this thesis as the key variables. The results obtained in this study are 

given in Tables 1-4 in Appendix 2 for 2013, 2014, 2015 and 2016 respectively.  

 

The objectives of Chapter 5 are as follows: 

 

1) Investigate the various key variables, from all production areas, as a function of 

month of production (February, March, April, May) and season (i.e. production year 

2013 to 2016). 

 

2) Investigate various key variables in two main production areas in Sudan, namely area 

2 and area 4.  

 

3) Investigate the key variables from all production areas and compare with production 

area 2.  

 

4) Identify statistical similarities, differences and correlation between key variables 

 

5) Examine the development of key variables that provide a quality assurance system for 

gum arabic production. 
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5.2. The ANOVA test by month 

This section presents the ANOVA test for the analytical data obtained in this study as given 

in Appendix 2. The initial 2013 data contain 105 observations for the months of January (first 

month – 1), February (second month – 2), and the months of 3, 4, 5 and 6. 

 

The 2014 data contain 48 observations for the months of 2, 3, 4 and 5. The 2015 data contain 

103 observations for the months of 1, 2, 3, 4, 5, 8 and 9. The 2016 data contain 125 

observations for the months of 1, 2, 3, 4 and 5. Unfortunately, the data across the years (from 

2013 to 2016) do not have the same information pertaining to the months of production. This 

is due largely to the production season and/or the purchasing of gum Arabic by the company 

used to supply the samples used in this study.   

 

Correspondingly, in order to compare the same months across the years (from 2013 to 2016), 

the data during only the months of 2, 3, 4 and 5 could be purposefully used. Hence, the 

independent variable in this case was the month of production: February – 2nd month, March 

– 3rd month, April – 4th month, and May – 5th month. Other months such as January, June, 

July, August etc., and others cannot be compared across years because the data were not 

available uniformly in some years from 2013 to 2016. However, these data will be used when 

comparing all samples as a function of production season.  

 

The independent variable was the month of production, while the dependent or key variables 

in this case were the analytical parameters given above.  

 

The ANOVA test, also known as the one-way ANOVA (see Table 5 in Appendix 2), can be 

used to compare the means of several independent groups (Field, 2017; (Hanna & Dempster, 

2012); Tabachnick and Fidell, 2012). The group in this case is the production month of 

February (month 2), of March (month 3), of April (month 4) and of May (month 5). The test 

is employed to determine whether there is statistical evidence that the associated population 

means (the dependent or key variables) are significantly different across the month of 

production. 

Accordingly, we can ask questions such as: ‘Is the moisture content (MOIST) the same 

across the production months from February to May?’ Alternatively, we can ask: ‘Is the 

moisture content higher in some months but lower in other months?’ When we know the 
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results, a production strategy for increasing the overall productivity of gum arabic can be 

implemented accordingly by scrutinising further the months where the moisture content was 

lower or higher. 

 

The ANOVA is a parametric test. The test assumes that the data are normally distributed, i.e. 

a bell-shaped curve. In addition, there are additional assumptions such as homogeneity of 

variances from the groups (or the variance is relatively the same across the months of 

February, March, April and May), linearity, and independence (Field, 2013; Tabachnick & 

Fidell, 2006). 

 

Two main methods of assessing normality can be undertaken. Either viewing individual 

graphs (normality histograms) of the dependent variables or by examining the Shapiro–Wilk 

test.  In this study, a graphical examination of histogram of the key variables is given in 

Figures 5.1 – 5.8 for moisture content (MOIST), optical rotation (ROT), viscosity (VISC), 

ash content (ASH), colour at 22.5 wt% (C22PCT), pH (pH), tannin content (TAN) and colour 

Gardner at 1% (G1PCT) respectively. The results show that all variables have normal 

distribution with the exception of tannin (Figure 5.7) and colour Gardner (Figure 5.8).  

 

 
 

Figure 5.1: Normality histogram (MOIST=Moisture Content %) for 314 Acacia seyal 

samples originated from six production areas in Sudan from February – May during four 

seasons (2013 – 2016).  
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Figure 5.2: Normality histogram [ROT=Optical rotation (degree)] for 314 Acacia seyal 

samples originated from six production areas in Sudan from February – May during four 

seasons (2013 – 2016).  

 

 

 

 

 

 

Figure 5.3: Normality histogram [VISC=Viscosity (mPa.sec)] at 25 wt% in water for 314 

Acacia seyal samples originated from six production areas in Sudan from February – May 

during four seasons (2013 – 2016).  
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Figure 5.4: Normality histogram (ASH=Ash %) for 314 Acacia seyal samples originated 

from six production areas in Sudan from February – May during four seasons (2013 – 2016).  

 

 

 

 
 

Figure 5.5: Normality histogram [C25PCT=Colour Lovibond (22.5%]) for 314 Acacia seyal 

samples originated from six production areas in Sudan from February – May during four 

seasons (2013 – 2016).  
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Figure 5.6: Normality histogram of pH for 314 Acacia seyal samples originated from six 

production areas in Sudan from February – May during four seasons (2013 – 2016).  

 

 

 
 

 

 

Figure 5.7: Normality histogram of Tannin (ppm for 314 Acacia seyal samples originated 

from six production areas in Sudan from February – May during four seasons (2013 – 2016).  
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Figure 5.8: Normality histogram of Gardner index at 1wt% for 314 Acacia seyal samples 

originated from six production areas in Sudan from February – May during four seasons 

(2013 – 2016).  

 

 

In conclusion, the data examined from this study are in agreement with those already reported 

in the literature ((Elmanan et al., 2008; Hassan et al., 2005; Karamallah, 2000). The finding 

indicates that the majority of key variables have the property of normal distribution, while 

tannin (TAN) and colour Gardner (G1PCT) show that their distribution may not be normal. 

Although the normality assumption is not fulfilled for these variables, the ANOVA test is still 

valid and the test can be used (Field, 2013). Possible reasons why tannin and Gardner index 

do not follow the normal distribution could be either due the impurities (bark) present in 

various samples or inconsistent conditions for measuring these parameters where there is an 

increase in the colour of the solution as a function of time due to oxidation of tannin hence 

increasing the colour value.    

 

The results given in the above Figures were also examined using the box plot analyses (Figures 

5.9–5.16). The box plot can be utilised to explain the shape and the distribution of the data, i.e. 

skewed to the left or right, or symmetrical, the data’s central value, and its variability. It also 

presents minimum, median, mean, quartile, and maximum values. 

 

In the box plot, mean is defined as the ‘average’ value, while median is defined as the ‘middle’ 

value in the list of data; furthermore, the box plot also shows outliers, which are very high or 
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very low values. The outliers fall remotely outside the other values. The box plot is, 

accordingly, a very useful tool for examining the property and structure of data. For example, 

using the box plot analysis, the dependent variable of moisture content (MOIST) in February 

(month 2) (Figure 5.9) has a mean of 11.44, with a minimum value of 9.01 and a maximum 

value of 13.61; however, there are some outliers, such as samples 31, 39, and 52. In terms of 

skew, the distribution seems symmetrical, as shown in the graph (Figure 5.9). Similarly, the 

other variables were plotted using the same method and shown in Figures 5.10 – 5.16 for optical 

rotation (ROT), viscosity (VISC), ash content (ASH), colour at 22.5 wt% (C22PCT), pH (PH), 

tannin content (TAN) and colour Gardner at 1% (G1PCT) respectively. 

 

The findings of the ANOVA test (Table 5.1) reveal that there is a significant impact of the 

independent variable (i.e. the month of production) on some dependent variables such as 

moisture, ash and tannin contents. This is shown in the last column (marked yellow) as the 

significance value being less than 0.05. Note: non-significant values are marked grey. 

 

Table 5.1 presents the ‘between groups’ row, representing explained variance. Explained 

variance is the variance due to the independent variable. In the case of moisture content, the 

significant difference between moisture content during the month of production was caused 

by the independent variable (‘between groups’). While the ‘within groups’ variance 

represents error variance. Error variance is the variance that is not due to the independent 

variable (Field, 2013). 

 

Intuitively, if the mean square ‘between groups’ is significant, the mean square figure will be 

relatively large and the actual F-statistics will also be relatively large. Accordingly, when the 

F- score is very high, the significant value typically below the 0.05 cut-off, so that it can be 

concluded that the means of the dependent variables are significantly different from one 

another because of the month of production. 

 

Lastly, some dependent variables such as optical rotation, viscosity, colour Lovibond, pH and 

colour Gardner index were found statistically similar or not different from others across the 

month of production. However, some variables such as moisture, ash and tannin contents are 

significantly different from month to month.  
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In interpreting the findings of the post hoc tests (Table 6, Appendix 2), a rule of thumb was 

used: a ‘Sig.’ value < 0.05 (a yellow-marked column) reveals a statistically significant 

difference between two means and conversely, a ‘Sig.’ value > 0.05 (a grey-marked column) 

reveals a statistically non-significant difference between two means, or the means are relatively 

similar. 

 

The confidence interval here means the values of a particular variable lie between the lower 

boundary (minimum) and the upper boundary (maximum); for example, comparing the 

moisture content in the second month (2) with the third month (3), the mean difference is 1.33, 

in which the value lies between 0.911 and 1.747. Furthermore, based on the ‘Sig.’ level (yellow 

marked = significance, grey marked = non-significance). The details for the minimum and 

maximum as well the average is given for all the analytical parameters in Table 7, Appendix 2 

 

The following comments can be made on the data presented in Figure 5.9 – 5.16.  

 

1) The moisture content in February (month 2) is different significantly than that of March 

(month 3), April (month 4), and May (month 5). This conclusion is valid at a 

significance level of less than 0.05. Similarly, a comparable conclusion can be reached 

that the moisture content in March differs statistically with that of February (month 2), 

April (month 4), and May (month 5), with a significance level of less than 0.05. The 

same finding was obtained in terms of a significant difference in the moisture content 

between April (month 4) and other months (months 2 and 3); however, the moisture 

content in April (month 4) and May (month 5) do not differ significantly, as indicated 

by its ‘Sig.’ level of 0.974 (marked grey). 

 

2) One of the most significant finding is this study is shown in Figure 5.10 which shows 

that all values obtained from this study are positive. Positive optical rotation is 

associated with Acacia seyal variety and confirm the careful selection and 

authentication of all samples used in this study. The highest value obtained is ~65o 

while the lowest is ~35o and these value are in agreement with those previously reported 

by Hassan et al (2005) (Hassan et al., 2005). In their study 74 authenticated samples 

originated from various areas of Sudan were studied and the average value was reported 

to be ~55o.   
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3) The viscosity value average ~90 mPa.sec and not statistically significant from month 

to month (Figure 5.11). 

 

4) Figure 5.12 shows that the majority of samples are within the specification (i.e. less 

than 4% ash content) while the presence of some outliers is noted in April and May. 

Possible explanation for this could be due to increase contamination with the tree bark 

while collecting the gum nodules. Initially, at the beginning of the season gum 

collectors carefully remove the gum nodule from the tree and in some areas they follow 

the optimum time of the day for undertaking this process. With the progress of the 

season and lower harvest the nodules which might have been stuck to the bark and 

neglected earlier are removed at this stage.  

    

5) Figure 5.13 gives the variation of pH as a function of month of production. All values 

reported in this study are within the specification (i.e. 4.1 – 4.8) and there is no statistical 

difference from month to month. The average value ~4.5 is similar to that reported 

previously (see Table 1.2).  

 

6) The colour as measured by the Lovibond at 22.5% is given in Figure 5.14. Again there 

is no statistical difference from month to month while it noted that the lowest variation 

is obtained at the beginning of the season.  

 

7) The colour Gardner at 1 wt% also does not show statistical difference from month to 

month while variation in the actual value is similar (Figure 5.15).  

 

8) Figure 5.16 gives the tannin content as a function of month of production. The average 

value is ~1000ppm and is similar to that previously reported (see Table 1.2). However, 

the presence of outliers increases as well as the minimum and maximum values. This 

variation is not clear at this stage.   

 

The overall findings on significant and non-significant difference for all dependent variables 

can also be summarised briefly in Table 5.1 below.  
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Table 5.1 - The overall findings by month 

*The yellow marked areas indicate the findings is significant at 5% level. 
 Significant difference * Non-significant difference 

Moisture content February & March (decline) April & May 

(MOIST) February & April (decline)  

 February & May (decline)  

 March & April (decline)  

 March & May (decline)  

 

Optical rotation 

  

February & March 

(ROT)  February & April 

  February & May 

  March & April 

  March & May 

  April & May 

 

Viscosity 

  

February & March 

(VISC)  February & April 

  February & May 

  March & April 

  March & May 

  April & May 

 

Ashes 

  

February & March 

(ASH) February & April (increase)  

 February & May (increase)  

  March & April 

 March & May (increase)  

  April & May 

 

Colour Lovibond 

  

February & March 

(CL)  February & April 

  February & May 

  March & April 

  March & May 

  April & May 

  February & March 

(pH)  February & April 

  February & May 

  March & April 

  March & May 

  April & May 

 

Tannin 

 

February & March (increase) 

 

(TAN)  February & April 

  February & May 

  March & April 

  March & May 

  April & May 

 

Gardner 1% 

  

February & March 

(COLOUR 

GARDNER) 

 February & April 

  February & May 

  March & April 

  March & May 

  April & May 
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Figure 5.9. Boxplot of Moisture content (%) for 314 Acacia seyal samples originated from six 

production areas in Sudan from February – May during four seasons (2013 – 2016).  

 

As indicated in Figure 5.9, the moisture content has declined from February, March, April to 

May from 11.44 in February to 9.57 in May. This decline has been discussed earlier in 

Chapter 2; a downward trend as a function of months which is typical of the increase in the 

average temperature in Sudan thus resulting in further drying of the gum. 

 

 

 
Figure 5.10. Boxplot of optical rotation (degree) for 314 Acacia seyal samples originated 

from six production areas in Sudan from February – May during four seasons (2013 – 2016).  
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Figure 5.11. Boxplot of viscosity (mPa.sec) for 314 Acacia seyal samples originated from six 

production areas in Sudan from February – May during four seasons (2013 – 2016).  

 

 

 

 
Figure 5.12. Boxplot (ASH=Ash %) for 314 Acacia seyal samples originated from six 

production areas in Sudan from February – May during four seasons (2013 – 2016).  
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Figure 5.13. Boxplot (pH) for 314 Acacia seyal samples originated from six production areas 

in Sudan from February – May during four seasons (2013 – 2016).  

 

 

 

 

 

 
 

Figure 5.14. Boxplot of colour Lovibond at 22.5 wt% for 314 Acacia seyal samples 

originated from six production areas in Sudan from February – May during four seasons 

(2013 – 2016).  
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Figure 5.15. Boxplot of Gardner Index at 1% for 314 Acacia seyal samples originated from 

six production areas in Sudan from February – May during four seasons (2013 – 2016).  

 

 

 

 

 
 

Figure 5.16. Boxplot of Tannin content (ppm) for 314 Acacia seyal samples originated from 

six production areas in Sudan from February – May during four seasons (2013 – 2016).  
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5.3. The ANOVA test by year 

This section employs an ANOVA test to examine differences between two or more group 

means. Group here are defined as the years of production from 2013 (Group 1), 2014 (Group 

2), 2015 (Group 3) and 2016 (Group 4). The ANOVA test in this section focuses on the 

different sources of variation in the years, namely variation ‘between group’ and variation 

‘within group’. There are two main variables in the ANOVA test: the independent and 

dependent variable. An independent variable is the variable that is independent and affects 

the dependent variable. In another word, it is the variable that can be manipulated (changed 

or controlled). Hence, a dependent variable is the variable that is dependent on the 

independent variable or the variable that is being tested. 

In this case, the independent variable is the year of harvest (2013, 2014, 2015 and 2016), 

which affect the dependent variables, such as MOIST (moisture content), ROT (optical 

rotation), VISC (viscosity), ASH (ash, minerals that are present in gum arabic), colour 

Lovibond (colour 22.5%), pH (the degree of acidity or alkalinity), TAN (tannin or the total 

polyphenol in gum arabic as antioxidants), G1PCT (the Gardner index at 1 per cent as a 

parameter for colour). The objective here, therefore is to examine whether the dependent 

variables would react to the different years (the independent variables), as different years 

have different temperatures, weather, rainfall, etc., which all affect the dependent variables of 

moisture content, viscosity levels, etc.  

The box plot for all the dependent variables are plotted as a function of production year using 

the box plot and shown in Figures 5.17 – 5.24 for the moisture content (MOIST), optical 

rotation (ROT), viscosity (VISC), ash content (ASH), colour at 25 wt% (C25PCT), pH (PH), 

tannin content (TAN) and colour Gardner at 1% (G1PCT) respectively.  

By undertaking the ANOVA test for all the data (385 samples), the following ANOVA 

results were obtained which shows a ‘within group’, referring to variations caused by 

differences within individual groups; these differences are not caused by a variation in 

different years (the independent variable). Alternatively, we can say that ‘within group 

variation’ measures how much the dependent variables vary from their group mean, while 

‘between group variation’ measures how much the group means vary from the overall mean. 

This means that the differences (‘between group variation’) are caused by a variation in years 

(the independent variable). 
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Overall, the findings of the ANOVA test is given in Table 5.2 and reveal that several 

variables have changed significantly during the years 2013 to 2016, including moisture 

content, viscosity, ash, pH, tannin and colour Gardner. However, two variables have not 

changed during the years 2013 to 2016, or they are relatively the same, such as optical 

rotation and colour Lovibond. From the examination of the box plots, the moisture content 

(Figure 5.17) and pH (Figure 5.22) variables have increased significantly, although the 

viscosity (Figure 5.19), ash content (Figure 5.20) and tannin content (Figure 5.23) variables 

have declined significantly. Some variables, such as colour Gardner (Figure 5.24) has 

fluctuated significantly. Fluctuating here means that the variables have increased then 

decreased or have declined then risen statistically.  
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Table 5.2 - The overall findings by year. *The yellow marked areas indicate the findings is 

significant at a 5% level. It should be noted that the results reported in Table 5.2 are 

originated from Tables 8-10 given in Appendix 3. 

 Significant difference * Non-significant difference 

Moisture content 2013-2014 (increase)  

(MOIST) 2013-2015 (increase)  

 2013-2016 (increase)  

 2015-2016 (increase)  

  2014-2015 

Optical rotation  2013-2014 

(ROT)  2013-2015 

  2013-2016 

  2014-2015 

  2014-2016 

  2015-2016 

 

Viscosity 

 

2013-2014 (increase) 

 

(VISC)  2013-2015 

 2013-2016 (decrease)  

 2014-2015 (decrease)  

 2014-2016 (decrease)  

 2015-2016 (decrease)  

 

% Ash  

  

2013-2014 

(ASH) 2013-2015 (decrease)  

 2013-2016 (decrease)  

 2014-2015 (decrease)  

 2014-2016 (decrease)  

 2015-2016 (decrease)  

 

Colour 20 percent 

  

2013-2014 

(C20PCT)  2013-2015 

  2013-2016 

  2014-2015 

  2014-2016 

  2015-2016 

 

Acidity 

 

2013-2014 (increase) 

 

(pH) 2013-2015 (increase)  

 2013-2016 (increase)  

 2014-2015 (decrease)  

 2014-2016 (decrease)  

  2015-2016 

Tannin 2013-2014 (increase)  

(TAN) 2013-2015 (increase)  

 2013-2016 (increase)  

 2014-2015 (decrease)  

 2014-2016 (decrease)  

  2015-2016 

 

Gardner 1% 

 

2013-2014 (decrease) 

 

(COLOUR GARDNER) 2013-2015 (decrease)  

  2013-2016 

  2014-2015 

 2014-2016 (increase)  

 2015-2016 (increase)  



162 
 

 

 

Figure 5.17. The boxplot of moisture content for 385 Acacia seyal samples originated from 

six production areas in Sudan during four seasons (2013 – 2016). 

 

Figure 5.17 shows that moisture contents have been different significantly from year to year 

or in the years 2013, 2014, 2015 and 2016. This increase can be largely explained by the 

annual rainfall while on average the value is still within ~10% which a typical value reported 

in previous studies (see Table 1.2).  

 

 

Figure 5.18. The boxplot of optical rotation for 385 Acacia seyal samples originated from six 

production areas in Sudan during four seasons (2013 – 2016). 
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Figure 5.19 – The boxplot of viscosity (mPa.sec) for 385 Acacia seyal samples originated 

from six production areas in Sudan during four seasons (2013 – 2016). 

 

Table 5.2 (the ANOVA test) indicates that there are significant differences between viscosity 

levels across the years (Figure 5.19). In 2013, the mean was 93.08, increasing slightly in 2014 

to 102.11. From 2014, the viscosity levels declined considerably to 89.76 in 2015 and 84.06 

in 2016. In 2013, the mean was 90.33, while the median was 90.00. The box plot also 

produces several outliers from observations 2, 13 and 77, namely the viscosity levels of 

52.00, 129.50 and 56.00. In the box plot, there is a mild outlier and an extreme outlier. As the 

outliers are located beyond an outer fence, they are considered extreme outliers. However, it 

is common for viscosity levels to fluctuate considerably over time. Accordingly, the findings 

indicate that the viscosity levels become lower significantly from 102.11 to 90.33. A similar 

explanation can be made for the other box plot statistics. 
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Figure 5.20 – The boxplot of ASH (ash %) for 385 Acacia seyal samples originated from six 

production areas in Sudan during four seasons (2013 – 2016). 

 

 

 

Figure 5.21 – The boxplot of Colour Lovibond at 22.5 wt% for 385 Acacia seyal samples 

originated from six production areas in Sudan during four seasons (2013 – 2016). 
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Figure 5.22 – The boxplot of pH for 385 Acacia seyal samples originated from six production 

areas in Sudan during four seasons (2013 – 2016). 

 

The findings of the box plot show that the variable pH tends to increase over time from 2013 

to 2016 (Figure 5.22). The variable of pH increased to 4.59 in year 2 (2014), then declined 

slightly and increased again to 4.48 in year 4 (2016). pH can also be defined as the level of 

acid in substances such as water and soil. Plant development is affected by the acidity of soil. 

This increase in PH will improve a plant’s capability to absorb nutrients and to improve gum 

arabic productivity. Note: the box plot statistics provided were obtained from other SPSS 

outputs. 
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Figure 5.23 – The boxplot of Tannin (ppm) for 385 Acacia seyal samples originated from six 

production areas in Sudan during four seasons (2013 – 2016). 

 

The box plot shows that the variable TAN has increased from 479.59 with a standard 

deviation of 531.31 in 2013 to 1351.21 with a standard deviation of 917.30 in 2014. It 

declined to 957.94 with a standard deviation of 653.13 in 2015, then increased slightly to 

1010.50 with a standard deviation of 531.76 in 2016. Overall, it can be concluded that the 

variable TAN fluctuated from 2013 to 2016, although overall the TAN tends to increase 

statistically over time in the longer term. There is no current explanation of why tannin or the 

total polyphenol in gum arabic as anti-oxidant has oscillated between 2013 and 2016. Note: 

other box plot tests can be analogously interpreted in a similar way to this explanation. 
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Figure 5.24 – The boxplot of colour Gardner index at 1 wt% for 385 Acacia seyal samples 

originated from six production areas in Sudan during four seasons (2013 – 2016). 

 

5.4. Statistical test of area influence (Areas 2 and 4) 

This section employs a statistical test to examine differences between two main production 

areas which were the sources of 207 and 95 samples respectively from the total of 385 

samples used in this study.  2013 data with two categorical independent variables, namely 

Area 2 and Area 4. The 2014 data have 46 observations with uneven distributions of Areas 2 

and 4. However, 42 observations were obtained from Area 2 and only 4 from Area 4. 

Similarly, the 2015 data have 83 observations with uneven distributions of Areas 2 and 4. 47 

observations were obtained from Area 2 and the remaining were from Area 4.  The 2016 data 

employs 35 observations with uneven distributions of Areas 2 and 4. However, only 35 

observations were obtained from Area 2 and four observations from Area 4.  

 

Here, the independent variables or groups are categorical (Areas 2 and 4) while the dependent 

variables are the analytical parameters, namely: moisture content, optical rotation, viscosity, 

tannin and colour Gardner. The objective is to determine whether the independent variables 

(Area 2 or Area 4) are expected to affect the dependent variables (MOST, ROT, VISC, TAN, 

G1PCT). The same method using the boxplot analysis was employed in this section. Figures 

5.25 – 5.28 give the boxplots of the dependent variables as a function of production area for 

the moisture content, viscosity, ash content and colour Gardner respectively.  
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Figure 5.25 – The boxplot of moisture content of Acacia seyal samples originated from area 2 

and 4 during four production seasons (2013 – 2016).  

 

 

 

 

 
 

Figure 5.26 – The boxplot of viscosity (mPa.s) of Acacia seyal samples originated from area 

2 and 4 during four production seasons (2013 – 2016).  
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Figure 5.27 – The boxplot of ASH content of Acacia seyal samples originated from area 2 

and 4 during four production seasons (2013 – 2016).  

 

 
 

 

Figure 5.28 – The boxplot of COLOUR GARDNER of Acacia seyal samples originated from 

area 2 and 4 during four production seasons (2013 – 2016).  
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In order to examine statistically whether the dependent variables are the same from 2013 to 

2016, the independent sample t-test was performed by using the data to yield (see Table 11 

given in Appendix 2). The results showed that there is no statistically significant difference 

between the variables (optical rotation, colour Lovibond, pH and tannin) in Areas 2 and 4 

during the production years, from 2013 to 2016. However, there is statistically significant 

difference between the variables (moisture content, viscosity, ash and colour Gardner) in 

Areas 2 and 4 during the production years, from 2013 to 2016 as indicated in the figures 5.25 

– 5.28. 

 

In conclusion, it can be stated that moisture content is significantly higher in Area 4 (10.70) 

than that of Area 2 (10.01), and viscosity is significantly higher in Area 2 (91.71) than that of 

Area 4 (84.81). While, ash is significantly higher in Area 2 (3.48) than that of Area 4 (3.25). 

Gardner index is significantly higher in Area 2 (2.08) than that of Area 4 (1.56). Further 

details about the descriptive statistics are given in Table 12 in Appendix 2.  

 

Other means of the dependent variables can be interpreted analogously. This significant 

difference between the means between Areas 2 and 4 should be investigated further relating 

the production operation and pattern in Area 2 and Area 4 because the differences were not 

due to merely random chances. 
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5.5. Cross-comparison of the tests between all production areas with area 2 
 

This section discusses cross-comparison of the findings and further analysis of the results 

with the objective of determining the effect of local practice (as noted by a given production 

area) on the overall results obtained in this study from the total number of test samples 

investigated. This will be performed by subjecting the data obtained from area 2 (207 

samples) to the same analysis using the boxplot and comparing the results with those 

obtained from all production areas (385 samples). The specific objective here, therefore, is to 

answer the question whether samples obtained from well-established production area have 

the consistency in terms of analytical parameters and how this consistency varies from year to 

year.    

 

Figures 5.29 – 5.36 give the boxplot as a function of year of production for samples obtained 

from area 2 for the moisture content (MOIST), optical rotation (ROT), viscosity (VISC), ash 

content (ASH), colour Lovibond at 22.5 wt% (CL), pH (pH), tannin content (TAN) and 

colour Gardner at 1% (G1PCT) respectively. These Figures (Figure 5.29 – 5.36) can be 

compared directly with those given in Figure 5.17 – 5.24 respectively.   

 

Overall, the means of Area 2 are more stable than those of all samples for the whole years of 

2013, 2014, 2015 and 2016. In addition, the boxplots of Area 2 have less outliers and less 

variance. The variance is calculated by taking the differences between each individual 

observation and the mean. These results clearly demonstrate that the variation in quality can 

be significantly reduced when dealing with specific area of production. This is also consistent 

with the local knowledge that some of those production areas tend to yield gum (Acacia 

seyal) with lighter colour, higher proportion of gum nodules and larger nodules. Area 2 

specifically considered as the home of Acacia seyal var. seyal and no other variety such as 

Acacia seyal var. fistula can grow in this area.  This could be another reason why the 

consistency of sample quality is improved compared to other areas where a mixture of Acacia 

seyal var. seyal and Acacia seyal var. fistula exist along each other (Andres-Brull et al., 

2015).  
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Figure 5.29 – The boxplots of moisture content of 207 Acacia seyal samples originated from 

area 2 in Sudan during four seasons (2013 – 2016). This Figure should be compared with 

Figure 5.17 given for the entire samples investigated in this study. 

 

 

Figure 5.30 – The boxplots of optical rotation for 207 Acacia seyal samples originated from 

area 2 in Sudan during four seasons (2013 – 2016). This Figure should be compared with 

Figure 5.18 given for the entire samples investigated in this study.  

 

  



173 
 

 

 

 

Figure 5.31 – The boxplots of viscosity (mPa.s) for 207 Acacia seyal samples originated from 

area 2 in Sudan during four seasons (2013 – 2016). This Figure should be compared with 

Figure 5.19 given for the entire samples investigated in this study.  

 

 

 

Figure 5.32 – The boxplots of ash content for 207 Acacia seyal samples originated from area 

2 in Sudan during four seasons (2013 – 2016). This Figure should be compared with Figure 

5.20 given for the entire samples investigated in this study.  
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Figure 5.33 – The boxplots of lovibond colour at 20 wt% for 207 Acacia seyal samples 

originated from area 2 in Sudan during four seasons (2013 – 2016). This Figure should be 

compared with Figure 5.21 given for the entire samples investigated in this study.  

 

 

Figure 5.34 – The boxplots of pH for (left) for 207 Acacia seyal samples originated from area 

2 in Sudan during four seasons (2013 – 2016). This Figure should be compared with Figure 

5.22 given for the entire samples investigated in this study.  
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Figure 5.35 – The boxplots of tannin content for 207 Acacia seyal samples originated from 

area 2 in Sudan during four seasons (2013 – 2016). This Figure should be compared with 

Figure 5.23 given for the entire samples investigated in this study.  

 

 

 

Figure 5.36 – The boxplots of colour Gardner for (left) for 207 Acacia seyal samples 

originated from area 2 in Sudan during four seasons (2013 – 2016). This Figure should be 

compared with Figure 5.24 given for the entire samples investigated in this study.  
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5.6. Summary  

 

In this chapter a statistical method was employed to test differences between two or more 

group means of the dependent variables in gum arabic production. The dependent variables 

were the analytical parameters whereas the independent (categorical) variables in this case 

were ‘area’ (production area), ‘year’ (2013, 2014, 2015, and 2016) and ‘month’ (February, 

March, April and May). 

 

The objective, therefore, is to investigate whether the categorical variables (‘month, year and 

area’) have relationships with the dependent variables, such that the categorical variables 

affects moisture content, optical rotation, ash conteht, viscosity, tannin content, colour 

Lovibond and colour Gardner. In order to investigate this relationship, a statistical test was 

employed.  

 

The findings reveal that there is no statistically significant difference between the variables 

(optical rotation, colour Lovibond, pH and tannin content) from 2013 to 2016. However, 

there is statistically significant difference between the variables (moisture content, viscosity, 

ash content and colour Gardner) and the findings are significant at a 5% level. A one-way 

ANOVA test was also used to investigate the impact of categorical variables of years (2013, 

2014, 2015, and 2016) on the dependent variables. The findings indicate that the group means 

(of the dependent variables) are significantly different across the years.  

 

Overall, the findings reveal that ‘YEAR’ as the categorical independent variables explain 

significantly the variation in the dependent variables during the years, while ‘AREA’ as the 

categorical independent variables does not seem to explain variation in the dependent 

variables.  

 

These findings could be possibly useful to produce strategic operational implications for the 

production of gum arabic in Sudan. For example, if the dependent variables such as tannin 

and viscosity performed statistically better in some areas or during a particular year, the 

supplier should use the ‘area’ or the ‘year’ as a production model for future gum arabic 

production and provide consistent quality materials.  
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6.1. Overall Conclusion 

 

This study concerns the quality control systems of gum arabic production in Sudan. It also 

examines the labour practices and perceptions of gum arabic production, by surveying 

farmers, managers and other stakeholders associated with gum arabic production. This study 

collects both primary and secondary data. It also investigated various local practices, 

including tapping, collecting, transporting, sorting and storing gum arabic, in order to 

evaluate the relationship between gum arabic quality, perception and local practices.  

 

Chapter one provided a general introduction to highlight the background, rationale and the 

specific research objectives of this study. In doing so, previous studies on gum arabic 

production were reviewed as well as previous traceability studies on various food products. It 

was, therefore, evident that while there were reasonable coverage of the labour practice none 

of the previous studies linked their findings to the quality of the materials produced from 

areas investigated. This study, therefore, has contributed to filling this gap in our knowledge. 

Additionally, by reviewing previous traceability studies our aim was mainly focused on 

identifying good practices and methodologies that could be adapted to gum arabic in Sudan 

and possibly neighbouring countries. This knowledge was the key to the proposed traceability 

system in this study. Furthermore, the role of the Association for the International Promotion 

of Gums (AIPG) was described together with a review of the main application of gum arabic 

in various industrial sectors.  

 

In chapter two, the pre and post-harvest practices were described in detail. This included the 

journey of gum arabic from tapping, collection, cleaning, grading, marketing, processing to 

export. Also, the current status of the gum arabic industry in Sudan was described and 

highlighted the number of trading companies. The key factor is that not all companies are 

specialised in gum arabic. In fact, gum arabic for some of these companies is considered as 

commodity in order to obtain hard currency to operate their business operation which 

sometimes involves entirely different commodities or services. Also in this chapter, the 

quality control system operated by producer companies and that required by the importer / 

processor was described in detail. The role of importer/processors on the development of the 

gum arabic industry was demonstrated through the different capabilities to provide quality 

control certificate by producer companies. Additionally, the efforts by producer companies to 

build and upgrade their quality control system through acquiring direct assistance from 
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independent laboratories in order to provide more comprehensive and specific quality 

parameters (structural and functionality tests) which meet the requirement of specialised end 

users.  

 

The research methodologies to perform survey questionnaires, interviews and analytical 

parameters were described in chapter three. Specifically, primary and analytical data were 

obtained from the quality control office at Nopec Quality Control Laboratory (Khartoum, 

Sudan) and from the Hydrocolloids Research Centre at the University of Chester. Primary 

data was also generated by survey questionnaires and interviews, while secondary data was 

sourced from Sudan Customs Corporation via the Gum Arabic Board. 

 

Descriptive and inferential statistics were employed to analyse the 413 survey questionnaires 

collected from selected respondents, including seasonal workers, full-time farmers and 

managers who work in gum arabic production. The finding indicates the existence of valuable 

labour practices, perception and quality control systems among gum arabic farmers in Sudan. 

 

The respondents were selected by using a chain-referral sampling technique (or snowball 

sampling). The snowball sampling technique was selected in order to have more respondents. 

It allows the researcher to reach populations that are difficult to sample when using other 

sampling methods by asking an initial respondent to nominate his/her colleagues as the next 

samples. The process is considered cost-efficient and requires relatively less time and 

resources than other sampling techniques. 

 

The finding revealed that on average, most of the workers were educated to a level higher 

than secondary-school level, and some of the workers were educated to postgraduate degree 

level. These results were somewhat surprising, since it was expected that casual workers in 

farming would not be educated to a degree level. The phenomenon occurred as there were 

many unemployed graduates in Sudan. Since they had been unable to get jobs within their 

individual fields of study, they had decided to do casual work in the gum arabic industry. 

 

The majority of workers in the gum arabic farming were male (approximately 60 per cent). 

The male workers outnumbered the female workers as the female workers have domestic and 

child-care responsibilities and a lower level of physical ability and technical skills than the 

male workers. 
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The majority of female workers primarily worked in the area of cleaning and sorting gums, 

while the remainder worked in the area of packaging and labelling gums. 

On average, the gum arabic workers are mature people aged over 36 years. They have 

worked in the farming industry for relatively long periods of time and have more than five 

years’ experience. Accordingly, most of the workers have acquired these skills themselves 

through practical work and learning by doing, while some of the workers revealed that they 

have learned these skills from their family members. 

 

This finding implies that there is a low labour turnover in the gum arabic industry. Moreover, 

the employment in the industry is characterised as casual or part-time employment as the 

majority of positions are dominated by seasonal workers, who work only during harvesting 

seasons. Despite the seasonality, however, the majority of workers indicated that they 

regularly use gum arabic in their daily life. 

 

Regarding the issues of labour practices, perception and quality control systems, the majority 

of workers have considerable knowledge of gum arabic production as well as knowledge of 

pests. Gum arabic can be affected by several types of pests, such as white ants and desert 

locusts. These pests are considered a major obstacle in gum arabic production. Many farmers 

lose their crops due to pests. Furthermore, their crops cannot continue to grow after the 

harvest as pests, such as insects, cause diseases and fungi that affect them. This preventative 

knowledge is paramount for the farmers to be able to neutralise a variety of pests that affect 

gum production. In addition to the pests, the majority of the gum arabic workers considered 

that soil degradation has negative effects on gum production. Conversely, revitalisation of 

soil microbial biomass and mineral nitrogen content increase gum arabic plants’ growth and 

productivity. 

 

The majority of the farmers also revealed that the perfect competition structure in the gum 

arabic market is preferred, as the stable prices of gum arabic will lead to complete efficiency 

and mobility of resources. Moreover, freedom of entry into and exit from the market are 

considered important by the farmers, as both producers and customers have full access to 

information and no buyer or seller monopolises the market. No buyers or sellers have any 

advantage over another. Consequently, the perfect competition stimulates efficient systems in 
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which gum arabic producers compete with others on the basis of quality, and in which the 

stable price would be competitively efficient and lower for the final customers. 

 

Finally, in terms of the welfare of the industry, most of the gum arabic workers agreed that 

the provision of water, health and education services has improved the sustainability of the 

industry. Furthermore, a micro finance policy will help gum producers to avoid the traditional 

system, which was exploitative in nature. 

 

Also, the findings indicate that the majority of the workers are knowledgeable about the 

management of gum arabic production, including storage and handling, time of collection and 

the time of tapping. In gum arabic production, the tapping process involves systematic 

wounding of the tree performed by gum producers during the dry season in October, 

November and December in order to regulate production. Since the timing and intensity of 

tapping influences the gum yield, workers’ knowledge and human capital regarding this issue 

are paramount and invaluable for implementing more robust quality controls for gum Arabic 

in the country. In addition to the timing of tapping and handling the production, the majority 

of workers agreed that the use of fire to clear bushes in order to reach gum trees affects the 

gum quality. They also revealed that the method that is the best and used most often for 

drying gums in the shade, while a few of the workers preferred the method of leaving them in 

direct sunlight. 

Overall, most of the workers are knowledgeable about the best method for collecting and 

storing gum arabic. Unfortunately, in terms of the labour force’s professional development, 

only half of the respondents (50.6 per cent) had attended workshops or training courses to 

follow best practice on gum arabic management. This finding has strategic human resource 

implications, as further training is required in Sudan in order to improve the labour 

productivity. Moreover, workers are more loyal to gum arabic companies that help them 

improve their skills. The training and workshops to improve workers’ skills and management 

are considered as investments for the job of gum arabic handling to be done correctly. 

 

Inferential statistics were employed by using Spearman’s rho to investigate whether there was 

a correlation between the workers’ perception and their demographic and geographical 

characteristics. The finding indicates that the respondents (who state that the North Kordofan 

area is producing gum arabic) tend to be confident and are knowledgeable about the 

geographical areas in Sudan which produce gum arabic. The finding also indicates that the 
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older the respondents, the longer they have worked in the gum arabic industry. Conversely, 

the younger respondents tend to work for a shorter period of time than the older respondents. 

 

Overall, the findings indicate that the majority of workers have a considerable amount of 

knowledge and human capital regarding the management of gum arabic production. 

Unfortunately, not enough training was provided to improve the workforce’s skills and 

productivity. This finding has strategic human resource management implications for the 

practitioners (gum arabic companies) as well as the Sudanese government to achieve 

competitive advantage in the world gum arabic market. 

 

In chapter five, the analytical data generated from 385 samples collected from six production 

areas, during four production seasons (2013-2016) were investigated. This chapter summarises 

the findings of the ANOVA test according to month and year, and the independent sample t 

test is categorised into two areas (Areas 2 and 4). The reason for simultaneously using the 

ANOVA and the independent sample t test is because of the number of independent 

(categorical) variables involved (or the number of groups). If we have more than two 

Independent variables, such as the number of months, we will employ the ANOVA test, 

whereas when we have only two independent variables, the independent sample t test needs to 

be utilised (Field, 2017) as follows: 

 The first test (the ANOVA test) covers the months as the independent variables, which 

is expected to affect the dependent variables, such as such as moisture content, optical 

rotation, viscosity, ash, acidity, tannin and other. The months consist of February 

(month 2), March (month 3), April (month 4) and May (month 5), which are four 

separate, consecutive months, and clearly account for more than two independent 

variables. 

 

 The second test (the ANOVA test) covers the year of harvest (2013, 2014, 2015 and 

2016), which was expected to affect the dependent variables. In this case, there are four 

groups of years (more than two independent variables). 

 

 The third test (the independent sample t test) covers only the two areas (Areas 2 and 4), 

which was expected to affect the dependent variables. In this case, there are only two 

groups (two independent variables). 
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The first test (the ANOVA test) shows that the independent variables did affect some 

dependents, such as the moisture content in all four months, with February differing 

significantly in comparison with March, April and May. This finding is valid at a significance 

level of less than 0.05. Nevertheless, the independent variables affected other dependent 

variables only during some months (not all months), including the variables of ashes (three 

months) and tannin (one month). 

The second ANOVA test indicates that the years (as the independent categorical variables) 

have no impact on some dependent variables, namely optical rotation, colour Lovibond, pH 

and tannin content, from 2013 to 2016. Yet, the years do affect the following dependent 

variables, including moisture content, viscosity, ash content and colour Gardner. The findings 

are significant enough at a 5% level that some of the group means (of the dependent variables) 

are meaningfully different across the years.  

The third test (the independent sample t test) reveals that ‘Area’, as a categorical independent 

variable, does not explain the variation in the dependent variables. Alternatively, we can say 

that different areas produce relatively similar properties in relation to moisture content, optical 

rotation, viscosity, ash, colour Lovibond, tannin, the Gardner index and other chemical 

parameters. 

In summary, this study offer originality in terms of the design and subsequent methodologies 

employed to examine the perception of quality by (413) workers involved, in various ways, in 

the 385 samples (commercial batches at least 2MT in volume) investigated during four 

production seasons.   

Therefore, this study could potentially:  

(i) Offer vital knowledge to decision makers in Sudan as well as the sector involved in 

gum arabic industry whereby resources and further training programmes can be 

allocated effectively. 

(ii) Justify the vital role of producer companies to invest in infrastructure (building 

schools, providing water supply, and finance system to farmers) for the 
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development and sustainability of gum arabic industry in Sudan and specifically to 

fill the previous role undertaken by the Gum Arabic Company.    

(iii) Provide clear demonstration of the current developments by producer companies to 

invest in establishing quality control system and staff training that meets the 

demands of importers/processors companies and therefore demand a fair price. 

(iv) Empower producers companies in Sudan to be able to deal directly with end user 

companies which have been difficult or near impossible in the past due to various 

reasons such as political instability, poor communication, unreliable supply and 

more importantly inconsistent quality that does not meet the intended specific 

application.     

 

6.2 Direction for Further Research 

 

This study involved the collection of significant amount of data. Due to the limitation of time 

and resources available it was only possible to examine the main objectives as originally 

identified at the beginning of this study. It should be noted, here, that the design of this study 

did not consider the commercial aspect as an objective that should be measured or monitored. 

Future study could, therefore, focus on this aspect and utilise the secondary data obtained in 

this study to further examine the commercial aspect in detail. For example, the data from the 

AIPG (Table 1.5) could be further investigated to evaluate the dominant role and contribution 

of French companies in this field.  

Other potential future study could involve detailed investigation of the crisis points in the gum 

arabic journey from farm to end use. In this study, this aspect was discussed briefly (see section 

2.7). 

It became evident that there are a number of statistical methods (see section 1.3, chapter 1) 

where discriminant analysis (DA) and other methods were used in order to group the samples 

within a cluster and therefore identify whether the test samples belong to one or more than one 

group.  Initially, some of these methods were investigated but due to the time constraint were 

abandoned and the boxplot was used to present and analyse the analytical data obtained from 

385 samples.   
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Further research could also be focused on drawing further conclusion from the survey 

questionnaires and possibly to be used as model for future studies in neighbouring countries. 

As noted already, this study did not include a question about the respondent profession and, 

therefore, the results were analysed based on education level.  More precise investigation 

could consider specific questionnaires design to gain better understanding of respondents 

demographics and link to their response.  
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APPENDIX 1 – INTERVIEW TRANSCRIPTS 

 

Table 1 – Appendix 1 (Interviewee A’s answer to the question) 

Questions Answers 

1 It is obvious that, traditional practices in gum, tapping, collection, sorting, 

storing and transportation should be improved and enhanced to over-come 

inherited problems and short coming which affected the gum arabic 

production and marketing. Tapping should be done with the recommended 

tool “Sonki” instead of the axes, taking into consideration “the appropriate 

timing” for the operation. Plastic bags should be replaced and prohibited to be 

use for gum collection. Local baskets made from palm leaves are highly 

recommended to take over. Gum Arabic Producing Associations (GAPAs) 

should be trained to increase their capacities in gum arabic sorting. 

 

2 Gum arabic producers need to increase their capacities, establish small-scale 

enterprises oriented for gum production and marketing. Also, they need to 

guarantee their access to the National and International funding mechanisms. 

 

3 They need to promote their associations into small-scale skilled enterprises. 

This is again requiring intensive training to increase their capacities in all 

subject matter related to gum arabic (from high yielding varieties of Acacia 

senegal up to gum marketing). 

 

4 Yes, there is strong relation. Many activities are required to improve local 

practices; 

a) Increase the capacities of GAPAs in all aspects related to gum 

production and marketing. 

b) Transformation of these associations into small-scale enterprises 

having access to the funding mechanisms. 

c) Intensive research focusing on selection of high yielding varieties of 

Acacia senegal. 

 

 

 

 

Table 2 – Appendix 1 (Interviewee B’s answer to the question) 

Questions Answers  

1 To assure that the most potential and mature trees are targeted for tapping and 

to avoid demanding the young non-productive stands, gum arabic tappers 

wood lots owners should be trained for adopting the appropriate tapping, 

timing for collection. 

2 and 3 For gum producers to have an access to the international gum arabic markets 

they have to establish associations/companies that help in attracting supports 

from development and funding programs to rehabilitate their wood lots by 

adopting the participatory management approaches for improving the 
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productivity of their trees, achieving self-reliance and better living stander of 

their communities as part of the production and marketing strategies that 

secure sustainable supply of their raw and processed products through a 

proactive and continual communication and links to international gum arabic 

marketing mechanisms. 

 

4 There is a direct relationship between the gum collection, sorting, storing, 

transporting and the quality of the gum produced, to improve the quality of 

gum produced, collectors must be well trained for the selection, tapping, 

sorting, storing. The required warehouses for storing and means of 

transportation are available and accessible. 

 

 

 

Table 3 – Appendix 1 (Interviewee C’s answer to the question) 

Questions Answers  

1 A strategic recommendation should be based on the following: 

To revise to re-improve the weak points related to the five mentioned 

activities in the first question; intensive training on capacities building to 

highlight the weak points in the above mentioned activities by both 

researchers and forest gum experts. 

 

2 The gum producers in the Sudan have to check and revise all weak points 

related to the previous gum production activities, leading to improve and 

renew all equipments and tools being used in the past to new ones with high 

out-puts, gum producers have to be aware and in contacts with related gum 

media and the international gum markets. 

   

3 The gum producers in the Sudan have to develop and improve the work and 

system of gum-producers associations to be more active to raise the standards 

of all gum-producers to be more active and aware of all factors that could 

improve the gum-production activities in both quantity and quality in order to 

complete perfectly with other gum associations to sustain the gum source in 

quantity and quality, there should be selection for the best high quality of 

seeds sources and people within the gum-belt  area should working hard to 

assist in rehabilitation of the affected areas through seedling production and 

applying all research package to sustain the socio-economic source which is 

well needed for all world-wide.  

4 Yes, there is a relationship between them and even the researchers and 

scientists tried to study that issue and based on that study the scientists came 

to some recommendations dealing with mixed sowing seeds of gum Arabic 

with other millet and sorghum seeds… etc. the issue succeeded.   
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Table 4 – Appendix 1 (Interviewee D’s answer to the question) 

Questions Answers  

1  To improve the production of gum Arabic. 

 Strengthening extension programs by developing the extension 

messages to integrate the new technological innovations developed by 

research and academic institutions. 

 Building the capacity of the producers through continuous training in 

all production aspects. 

 

2 To enable the producers to access the market information is needed to 

strengthen the linkage and networking between producers and marketing 

channels.  

 

3 Through building their capacities in the several stages of gum arabic including 

(improved planting, production and management aspects). 

  

4 There is correlation between quality and local practices and to improve the 

local practices I suggest to assess these practices by the research institutions 

and to design the research packages to fill any gaps and weaknesses in these 

practices. 

 

 

 

 

Table 5 – Appendix 1 (Interviewee E’s answer to the question) 

Questions Answers  

1 Best practices (1) using “Sonki” for tapping in proper time; (2) using baskets 

for collection with mates; (3) using proper and special sacks for transportation 

and storage and (4) sorting out classified the gum grades. 

  

2 1) To strengthen the producer so as to inter the local and international 

markets. 

2) To facilitate the producer with machines to add value. 

 

3 The extensions from Forest National Corporation (FNC), have many steps to 

reach the best quality, producer should follow these steps. 

  

4 Producer should follow the scientific concern the best practices for good 

quality of gum production the local practices should be immerge with the 

scientific best practices. 

   

 

Table 6 – Appendix 1 (Interviewee F’s answer to the questions) 

Questions Answers  
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1  Provide a long and short term training for producers concerning 

tapping, collecting, sorting and storage. 

 Provide producers with modern tapping tools and stores. 

 Provide training on the tapping parts (wound) on the stem, the number 

of tapping. 

  

2  The producers will organize them self in groups such as GAPAs (Gum 

Arabic Producers Associations). 

 Remove all constraints i.e. all taxes. 

 To have connection with the international markets through media. 

 

3 The government should reduce all constraints that faced the gum arabic 

sector, i.e., increase the area of gum arabic production, remove all taxes, 

improve the policy, provide loans for the producers… etc. 

 

4 To improve in gum quality the producers must adopt the research results 

concerning gum arabic. 

 

 

 

Table 6 – Appendix 1 (Interviewee G’s answer to the questions) 

Questions Answers  

1 The basic proposed recommendation for various local practices concerning, 

tapping, collecting, transporting, sorting and storage from our opinion will be 

as follows: 

 For tapping:  this operation should be done in time where the tree is 

well mature in terms of leaves shedding this actually done in October, 

also the tool used should be axes and “Sonkis”, the targeted part for 

tapping should be only tree branches at one side for this season and the 

other side for the upcoming period in the second season. 

 Collection: this operation should be done after specific period of time 

after tapping (45 days) this tapping called first picking followed by the 

second picking and the third within interval of 15 days. The collectors 

must do this task carefully by using gloves, suitable recommended 

sacks. 

 Sorting and cleaning: here in this task usually used practitioner 

females to sort and clean all the harvested crops. 

 Storing: this task will take place after the previous tasks; the crop 

should be stored in suitable shading store well drainage and ventilated 

area.   

 

2 To let our producers of gum arabic in Sudan to be as a top competitor in the 

international trade, the gum that should be sold must be of a high quality, free 

of any contamination, and well produced in terms of less cost- combine with 

well management and high production. 
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3 Producers should have gain well training knowledge on the how to manage 

gum arabic (gardens) in terms of tree per area, species, combating of disease, 

fire hazard and should select a proper committee to follow the management 

collectively. 

 

4 There is an obvious relationship between gum Arabic quality and the local 

practices of gum-producers to improve the local practices there should be 

continuous training by experts people on management to identify the ideal 

numbers of trees per area and on appropriate practices on picking, harvesting, 

storing and even loading and unloading of the crop to avoid loading crops 

with animals, and people not use any contaminated sacks or containers. 

 

 

 

Table 7 – Appendix 1 (Interviewee H’s answer to the questions) 

Questions Answers  

1 - The area of the gum belt in Sudan is 500.000 km2. Only 10% of the area 

can be tapped because there are no enough labour, old tools, old producers. 
- Most if not all the producers are very old people (60 – 70 years). 
- Production is function of proper tapping, optimum temperature, proper 

tapping date, and proper tapping technique. 
- For better and maximum production we need the following: 
- Better tapping tools. 
- Efficient tools. 
- Mechanization of tapping for more coverage of the area. 
- Mobilization of more labours and producers. 
- Available micro training for producers. 
- Application of good practices for gum arabic collection. 
 

2 - The market of gum arabic in the Sudan is buyers, market where the buyers 

dictated the price, the quantity and the quality. 

-  All the gum arabic is exported and a very small portion is consumed locally. 

- To establish a better proper marketing of gum arabic the following strategies 

should be adopted: 

a) Establishment of the improved auction markets in the twelve producing 

states of Sudan. 

b) Establishment of a proper market board and market pours in Sudan and 

connect the states markets with an electronic network. 

c) Improve the processing and industry of gum arabic through better and 

efficient machinery for powdering, kibbling and packing. 

d) Establish an African Centre to look after the fair trade and better prices 

and improvement of gum produced in all African countries. 

e) Establishment of a specialized laboratory for gum arabic. 

f) Improvement of gum Arabic products (sweets, drinks ….etc.)  To be 

consumed in the neighbouring countries particularly in the Middle East. 

g) Building of a buffer stock of gum Arabic to insure proper and continuous 

supply to the international markets. 
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h) Establish a banking system exclusively for gum Arabic activities to 

maximize the production and the productivity. 

 

3 To develop a better and proper traceability system the producers should do the 

following:- 

a) The land occupied with gum Arabic trees should be registered and 

allocated to the producer. Most of the gum Arabic land is government owned. 

This will motivate the producers to take care of the land and give the trees 

more attention all the year round. 

b) The plantation owned by the producers should be organised and divided in 

to squares and plots with marks and numbers. 

c) The rows in the farm should be given specific numbers and marks. 

d) Each producer should keep records for his plantation and for every row 

and if possible for every tree to register the date of tapping and production.   

 

4 - Yes, there is a very direct close relation between gum quality and good 

practices. 

- Most farmers do not now gum Arabic should be avoided from peanuts. 

- Most farmers do not now that gum Arabic is very sensitive to and very 

efficient encapsulate of flavour and smell. They should be informed to avoid 

storage of gum arabic with other crops that contain smell e.g.: onion, garlic 

…etc. 

- Farmer should avoid gum from falling on the ground to avoid sand and 

contamination. 

- Gum trees should be guarded from grazing animals particularly camels to 

avoid contamination by animals. 

- Farmers should be informed to avoid stacking more than six bags of gum 

to avoid lumpy gum. 

- Framers should be informed to dry gum immediately after harvest to avoid 

lumpy gum. 

- Producers should be informed to avoid transporting gum bags in trucks 

carrying animals particularly sheep and goats to avoid contamination. 

- Farmers should be informed to avoid packing the fresh gum into plastic 

bags to avoid lumpy gum. 

- Producers should be instructed to wear gloves and masks when they are 

collecting the gum. 

 

 

 

 

Table 8 – Appendix 1 (Interviewee I’s answer to the questions) 

Questions Answers  

1 The strategic recommendation: is to strengthen gum arabic producer’s 

capacity through comprehensive awareness program and training to be able to 

produce high quality gum which meets the international market standard.  
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2 My suggestion to gum arabic producers in Sudan in order to maintain Sudan’s 

position in the international gum arabic market they should keep their 

production 100% organic (Zero-Chemical products). 

 

3 I would suggest that producer should produce a healthy clean product.  

 

4 Yes, there is a strong relation between gum arabic quality and local practices 

so as to improve the local practices I suggest conduction of intensive training 

and awareness program on gum arabic international market requirements: this 

program can be designed to improve the local practices in tree tapping, gum 

collection, cleaning, sorting, packaging, storage and transporting. This 

program should emphasize on procedures, tools, equipment, storage and 

transporting facilities. 

 

 

 

 

Table 9 – Appendix 1 (Interviewee J’s answer to the questions) 

Questions Answers  

1 - First of all, the surrounding environment of human being in the gum 

arabic built should be improved by establishing and constructing wells, 

schools hospitals and all means which can help in keeping those farmers 

stable and have all the means for keeping them satisfied with their traditional 

practice of tapping trees, as mainly of those people started to search for better 

life by creeping towards big cities and towns.   
- Although using axes is the most dominant in tapping process of producing  

gum but still think that a lot of work  and researches  should be done to 

improve the process of tapping . This can increase productivity of trees and 

decrease percentage of damage among trees. Besides, giving good quality, so 

this points need a lot of researches. 
- For collecting gum: this practice also should be improved by changing the 

way of collection that now is running on the field of the gum. Farmers are 

used to collecting gum in Plastic bags this can affect quality and hence 

production. Also they are used to buried for the gum and keep the crop i=in 

big holes in the field. Definitely this is not safe for the crop as it may be 

exposed to heat, rains and many pests. 
- As production of gum always links with activation of other crops :Farmers 

there should be supported by organizations , banks and all who are 

contributed in sustainability activities to keep them away from changes 

occurred   as a result of changes in policies and markets situation. 
- As Sudan is classified to be the biggest country in the world for producing 

gum Arabic , to be kept in the same position  Sudan should keep improving 

and enlarging storing condition and areas for reserving a considerable quantity 

say it as strategic storage for several years to give the maximum degree of 

confidence for suppliers and to proof that Sudan is capable for maintaining 

and keeping the flow of gum for the world for long period without being 

affected by annual production of gum in Sudan. 
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- Transporting is one of the major factor that affect gum production. 

Suggest for the gum to be transported through trains from various   production 

areas to Ports of shipping. This can affect gum production positively by 

decreasing cost and hence helps in keeping stable prices among the seasons. 
 

2 As during the coming years production of gum may witness significant 

changes as many African countries may inter the circle of gum production and 

this will yield a very strong competition.  I think Sudanese producers should: 

- Keeping production of gum in its high level by encouraging farmers to tap 

wide areas of the gum belt, as many areas of the belt hasn’t been tapped 

before.  
- Adopting means and systems of quality Sudanese producers can gain 

competitive factors that differentiate them from other producers in other 

countries.   
- Controlling costs of gum production internally can give chances to offer 

prices in stable manner. This may help in keeping competition of substitutes 

in its low levels.  
  

3 Traceability system is one of the major factors that can affect quality of gum. 

As gum is used in various applications in industry this means various types of 

properties are needed for this application, hence a strong system for tracing 

back the sources of gum is needed. This help a lot in keeping gum in 

separately without being mixed together, as this can weaken the properties 

needed for certain application. 

 

In Sudan there are different types of Acacia trees producing different types of 

gum and also there are different type of soil extending from Sand soil to 

mixed to light clay to heavy clay soil , this will end with different types of 

gums with different properties.  This diversity need a strong and efficient 

system for traceability. Such systems can be built by: 

 

- 1. Segregating gums of different areas fully 
2. For each area, there should be one person supplying the company with 

gum. 

3. Code systems should be working efficiently to distinguish different gums 

per areas. 

4. Coloured bags also can help in building traceability system 

 

4 There is strong relationship between quality and practices of gum production. 

Improving local practices help a lot in increasing quality. 

Local practice can be improved by: 

- Rising up the awareness of farmers with gum as food ingredient that 

should be treated carefully. 
 

- Farmers should be learnt the importance of gum production for the 

country and for the whole world. 
- Also farmers should learn to keep gums separately, and the gum shouldn’t 

be kept in plastic or nylons as this will affect the properties of gum and even 

can spoil the gum itself. 
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- Farmers should have equipped stores, i.e., sheltered, ventilated to keep the 

gum in its original situation for long time. 
 

 

Table 10 – Appendix 1 (Interviewee K’s answer to the questions) 

Questions Answers  

1 - Improve the methods of tapping by using modernize tools in state of the old 

tools. 

- Using new jute bags to collect gum arabic direct from trees to bags did not 

using plastic bags to collect gum. 

- Using clean trucks to transport gum from production areas to processing 

plants 

- Designing sorting machine in state of old methods of sorting.  

 

2 - The gum arabic producers in Sudan need to improve their ideas by 

participation in international food ingredients exhibitions to promote their 

products.   

 

3 The producers need to create a tracing system from tapping the gum until 

loading it in to the container, a step needs to be monitored by people with 

experience in same field and to train the producers. 

  

4 - There is strong relationship between gum arabic quality and local practices, 

- My suggestion is to improve all the chain from tapping; collecting, sorting 

and processing by using modernize methods. 

 

 

 

Table 11 – Appendix 1 (Interviewee L’s answer to the questions) 

Questions Answers  

1 Gum arabic production and sustainability is strategic choice to the framers in 

the gum belt specially the in producing gum from Acacia senegal trees. The 

important of these trees is the significant role in the shifting cultivation 

system that improves the production and the productivity of other crops as 

well as compacting desertification. Based on these merits the farmers have 

developed an adequate indigenous knowledge and coping strategies for 

improvement of pre and post-harvest practices for gum arabic. However, 

tapping and collection are important activities carried out by farmers during 

the early part of the dry warm season and sometimes coincide with the tail of 

other crops harvesting, using old and developed mechanisms such as ages, 

sonkie and recently introduction of electrical tapper whereas collection took 

place after a precise time from taping (45 days) and subsequently each two 

weeks intervals. Tapping and proper collection time and equipment are of 

significant in improving the quality of gums. Thus farmers have slightly a 

poor knowledge of post-harvest cultural practices of gum arabic of which 
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proper methods of storage conditions and gum stacking. To overcome such 

shortcomings the strategy should highlights the importance of: 

● All farmers should be under proper associations to enhance and empower 

them in particulars the Gum Arabic Producers Associations (GAPAs). 
● Establishing pre and post-harvest practices protocols for both Acacias is 

badly needed.  
 

2 ● Ensuring high quality and sustainable supply 
● Establishing smart partnership between gum arabic producers, local and 

international companies based on fair trade and value chain mechanisms 

supported by research output and innovation technology. 
 

3 ● Land demarcation and field mapping are steps ahead for proper forest 

management should be established 
● Farmer code coupled with proper quality management system is also need 

to be proposed  
● A collective forest management and organic certifications are an 

important step to ensure traceability, new markets invention as well as 

sustainability. 
● Collective ISO certifications such quality management and food 

management systems in collaboration with exports and processing companies 

will definitely improve gum arabic quality.   
 

4  On my option there is a positive correlation between quality of gums 

and good cultural practices adopted by the farmers. 
 Improving local practices will be by following all recommended pre 

and post-harvest cultural practices as in the gum arabic manual 

protocols, which rely on the best recommendations from research and 

universities institutions. 
 For instant taping tools and harvesting tools, which innovated by 

university of Kordofan, is need to be introduced by farmers which will 

result in quality improvement and more hygienic gums. 
 

 

 

Table 12 – Appendix 1 (Interviewee M’s answer to the questions) 

Questions Answers  

1 The competent authorities and companies should play an active role in (the 

training of producers through workshops) and coordination with main 

producers and central markets officials in the flowing:  

1- Don’t packing gum in plastic bags  

2- Don’t putting the gum under the soil  

3- Don’t collecting the crop in presence of animals  

4- Don’t transporting gum with other crops, chemicals and animals      

 

2 Only companies that have good warehouses, good working environment 

(commodities and workers) and quality departments can be allowed to export 
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gum arabic, which must be approved by the Ministry of Industry and SSMO 

with companies committing to product standards. 

 

3 Activation of quality departments in all exporting companies with monitoring 

of the central markets and forest from the competent authorities. 

 

4 Yes, there is strong relationship between the quality of gum and local 

practices of collection, transport, storage and sorting which were mentioned in 

no. 1 through workshops that are known as the commodity and its economic 

importance   

 

 

 

Table 13 – Appendix 1 (Interviewee N’s answer to the questions) 

Questions Answers  

1 ● Tapping: Certain tools to be more technically advanced and not to have a 

negative effect on the tree growth. Also, the correct definite time for tapping 

should be fixed. 

● Collecting: Providing clean jute sacks, mats and etc. to be used to collect 

the gum from the trees, no plastic sacks or bags to be used. 

● Transporting:  

- The inside of the transporting trucks should be clean, and no other goods are 

to be transported with the Gum. 

-  To cover the goods or Gum in particular with clean mats or convers to avoid 

both dust and rainfall. 

● Storing: Good ventilation should be well considered for the stored gum. 

Well protection for the stored goods to avoid all kind of birds, rats and etc. 

and to separate the Gum Hashab and Gum Talha.  

● Sorting: Cleaning should be done for the Gum, using clean mats, and 

covers, instructions should be given to the women whom carry out the sorting 

not be wearing anything that could fall within the Gum, such as beauty 

accessories, gold and etc.  

 

2 Facing a high competitive world, it is very important to reduce the goods cost 

that is through cancelling local fees.  

- Legalizing the means of goods 

- Essentiality for opening near markets, for newly consuming groups.  

- Efforts to be made annually for a definite unchanging policy for Export.  

 

3 Traceability System: 

- Very essential to get a quality certificate ISO/HASHAAP. 

- Planning a follow system from productions areas up to FOB – transporting 

on ship. 

- Supporting Gum Producers through providing them by jute sacks.  

- Improving Laboratories for Gum tests. 

 

4 The Relationship between the quality of gum arabic and local practices: 
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- Planning for extension programs for farmers to be well aware about the 

gum trees and their importance. 

- To provide truck to be specifically used for the transportation of gum 

arabic.  

- To provide funded warehouses for exporters so as to store gum for long 

periods.  

 

 

 

Table 14 – Appendix 1 (Interviewee O’s answer to the questions) 

Questions Answers  

1 ● Low amount of gum arabic produced in the last years. 

● Less revenue from exported of crude gum arabic. 

● Only small portion of gum arabic produced being processed and market. 

● Government polices (e.g. taxes) led to loss of gum arabic. 

● Considerable amount exported not through legal channel but through 

smuggling to neighbouring countries. 

● The efficiency of gum arabic processing depends mainly on the purity of 

raw gum due to the harvesting and packaging procedures done by the farmers. 

● The excited planted area of Acacia trees must be protected from any 

unauthorized action, animal broken, uncontrolled tree cuts, which used as 

energy. 

● Using either seeds or seedling of Acacia for plantation, however seedling 

is preferred due to its small growing time. These seeds or seedling supposed 

to be provide freely by GDC and GRDFD to farmers. 

● The expected productivity per feddan will be about 0.16 MT per feddan. 

● If the banks finance the sheilla system this will give a positive benefit to 

farmers incomes. 

● Using of axe in tapping may cause severe damage to the trees. However, 

Dr.Esam Siddiq who modified a special tapping instrument that is light, easy 

used and can be manufactured locally has solved this problem. 

● Farmers must collects gums in plastic bags; leave it to dry under sunlight, 

after that packet it in jute bags only. 

● In spite of lower profitability of gum production, it provides cash to 

farmers outside the growing season for cash crops 

● Smuggling has a great effect on the productivity of Gum Arabic and its 

share in world markets. In the other side the countries that gums smuggled to 

it, raise its share in the world market. 

● The charged took by the government either from transportation or traders 

effected mainly on the price paid to the farmer. Since the Ministry of Foreign 

Trade fixes the exported and the floor prices, any taxes charged would have a 

direct effect on the farmer’s income. 

● A better farmer income may be achieved if the farmers buy the gums 

directly in the auction markets instead of buying it to the village traders. 

● Four of the African exporting countries (Cameron, Ghana, Tanzania, and 

Central Africa Republic) do not fall within the Gum Arabic belt; Tanzania and 

Central Africa Republic are Sudan neighbours. 
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● In the near future gum arabic is going to be use as a part of a meal; beside 

its current uses as food additive so more researches is needed. 

 

2 Clear government policies and free auction markets. It strongly recommended 

to export gums as processed gums rather than raw gums and to give farmers a 

successful price for their gums.  

 Gum arabic is produced by small farmers either hashab owner or hashab 

renter, who gives priority to food crop production (usually sorghum or millet) 

to secure family nutritional needs, but seek other sources of income to meet 

the household’s basic needs other than grains. They harvest gum arabic 

because this activity constitutes a crop diversification strategy to mitigate crop 

failure. However, gum Arabic producers are in generally settled farmers and 

gum is well entrenched in the agricultural rotation. Every Acacia tree in 

Sudan is under the rightful ownership of somebody who can look after the 

tree and tap it on his own behalf competed with food and cash crops for 

labour resources and land allocation. 

Farmers being small unit cannot go directly to the international market there 

should be a representing body or a governmental unit to tackle the marketing 

job. 

 

3 Production stimulated by ‘tapping’, which involves removing sections of the 

bark with an axe taking care not to damage the tree. Axe used in tapping had 

been replaced by one, which utilizes a specially designed tool, "sonki". This 

has a metal head fixed to a long wooden handle; the pointed end of the head is 

pushed tangentially into the stem or branch to penetrate just below the bark, 

and then pulled up to strip a small length of bark longitudinally from the 

wood. 

 

The best time of first tapping is November for trees grown on sandy soil and 

between December & January for clay soil trees. 

II. Gum Arabic Harvesting: 

The tears picked by hand from the stems and branches where they have 

formed, and not by knocking to the ground where they can pick up dirt. Then 

they placed in an open plastic basket carried by the collector; this plastic sacks 

has been found to increase the risk of moisture retention and mould formation. 

III.  Gum Arabic Cleaning: 

Just after the harvesting, Acacia gum delivered to cleaning to remove 

impurities, sand, and pieces of bark. Then put in the under sunlight. 

 

V. Gum Arabic Packing: 

Gum arabic is a natural product that must be packed carefully in a manner that 

allowed aeration to facilitate polymerization in the course of its transportation. 

So it is packed in natural weaved or synthetic fibre bags. In the past, Gum 

Arabic was packaged in units of 100 kg, but now, the 50 kg bags have become 

the norm. In order to adhere to regulations in force in certain industrialized 

countries, the current tendency consists of packing the gum arabic in bags of 

25 kg, which makes certain handling operations less difficult, in the absence 

of mechanization. 

  

VI. Gum Arabic Storage: 
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Gum arabic is a water-soluble product that must be strictly protected from 

water or humidity, which can affect it through capillary rise. It stored in 

hangars or in good condition containers. 

For transportation it can be transported by any means of transport; it has an 

unlimited life span, which enables it to be transported at a fair price, 

particularly by boat between Africa, Asia and the other continents. 

 

● The government must give especial attention to the Gum Arabic process 

through reduction of the taxes to encourage others investors to invest in this 

sector. 

● Government policies about Gum Arabic should be clear, stable and not to 

change yearly. 

● Nowadays Sudan has the ability to export gums in processed (powder) or 

semi-processed (granular) forms. Therefore, Sudan exports primarily Hand 

Picked Selected (HPS), kibbled and powder gum to major confectionary 

manufacturers. The expected gain will be about 139 million dollar. 

● Sufficient prices paid to the farmers and free auction markets actions. 

● Needs more research is needed for the properties and new uses of gum 

arabic. 

● The government should considered Dar Savanna factory as a starting point 

for any new investment in this sector. 

 

 

 

 

Table 15 – Appendix 1 (Interviewee P’s answer to the question) 

Questions Answers  

3 and 4 The quality of gum arabic as received by the importer depended on the source. 

Gum arabic hashab from Sudan is the highest quality and sets the standard by 

which other gum arabic judged. Not only does Sudanese gum come from a 

species Acacia senegal which intrinsically produces high quality exudates 

with superior technical performance, but also the collection, cleaning, sorting 

and handling of it up to the point of export is well organized and highly 

efficient. Within Sudan, gum arabic from the Kordofan region has the highest 

reputation, and traders and end-users in importing countries often refer to 

"Kordofan gum" when indicating their preferences. 

 

Gum talha from Sudan "produced from Acacia seyal" is intrinsically a poorer 

quality gum than hashab, it has inferior emulsifying properties and even light-

coloured samples of whole gum sometimes form dark solutions in water due 

to the presence of tannins and other impurities. In addition, it is more friable 

than hashab. 

 

Value Adding Processing: 

i. Granular process: 

Whole or large lumps of gum initially cleaned to remove impurities such as 

bark, sand, and clay, then passed through a hammer mill and then screened to 
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produce smaller granules of more uniform size. These pieces easily dissolved 

in water, and under more reproducible conditions, than the raw gum and so 

preferred by the end-user. 

ii. Powder Process (mechanically): 

Whole or large lumps of gum initially cleaned to remove impurities such as 

bark, sand, and clay. Then a consisted crushing of raw gum until free-flowing 

powder obtained. This process is less energy consuming than spray drying, 

therefore cheaper to produce and less subject to bacterial contamination. 

iii. Spray-Dry Powder Process: 

Whole or large lumps of gum initially cleaned to remove impurities such as 

bark, sand, and clay. After that, gum dissolved in water, filtered and/or 

centrifuged to remove impurities. Then the solution pasteurized to remove 

microbial contamination, then sprayed into a stream of hot air in spray dry 

tower to promote evaporation of the water (a spray-drying tower, of the same 

kind that used for the production of powdered milk). This furnishes a high 

quality, free-flowing powder with even better solubility characteristics than 

kibbled gum. Spray drying is an energy-intensive process and this, together 

with the requirements for large quantities of pure water, made it something 

that most Gum Arabic producers could not consider. 

2.9. Product Requirement: 

a. Product Package: 

The US regulations require that only new, unused jute sacks be used. 

Semi-processed and processed kibbled variety, granules and powdered gum 

arabic exported in drums, polyethylene lined multi-wall paper bags or 

polyethylene lined cardboard boxes. 

b. Product Labelling: 

As regards labelling, there are no existing specific standards for gum arabic; 

however, the general standard of the Codex Alimentary for food additives can 

be use. Generally, the commercial system used the proper guides: 

c. Product Storage: 

Store in cool (21 -240C) and dry place. 
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APPENDIX 2 

1. Independent-samples t-test (SPSS commands) 

 

The step by step SPSS commands to carry out an independent-samples t-test for evaluating are 

described in Figures 1 to 4. 

 

The sequential SPSS command is to execute an independent-samples t-test: click 

‘Analyse’>’Compare Means’> ‘Independent-Samples t Test’ (Figure 1). 

 

 

 

Figure 1. SPSS command - An independent-samples t-test (Step 1) 

 

Following the screen, the dependent variables (MOIST, ROT, VISC, ASH, C20PCT, pH, TAN 

and COLOUR GARDNER) should be transferred to the ‘Test Variable(s)’ box on the right. 

The independent variables [years 2013 (1), 2014 (2), 2015 (3), and 2016 (4)] should also be 

transferred to the ‘grouping variable’ (Figure 2). 
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Figure 2. SPSS command - An independent-samples t-test (Step 2) 

 

The ‘grouping variable’ needs to be defined by clicking the ‘Define group’. Group 1 can be 

defined as Area 2 and group 2 as Area 4. Alternatively, the group can be defined as 1 for year 

2013, 2 for 2014, 3 for 2015, and 4 for 2016. 

 

 

Figure 3. SPSS command - An independent-samples t-test (Step 3) 
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Following this SPSS command, click ‘Options’ to change the confidence (interval percentage) 

level to 90% or 95% (Figure 4), then click ‘Continue’ to obtain the results of an independent-

samples t-test below. 

 

 

Figure 4. SPSS command - An independent-samples t-test (Step 4) 

 

2. One-way ANOVA (SPSS commands) 

 

There are several ANOVA commands (Figures 5 – 9), which need to be performed in SPSS. 

The first command is to click ‘Analyse’ > Compare ‘Means’ > ‘One-Way ANOVA’. 

 

Figure 5. SPSS command – One-way ANOVA (Step 1) 
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Figure 6. SPSS command – One-way ANOVA (Step 2) 

 

Following this screen, all variables in the left-hand column need to be transferred to the right-

hand column by clicking the arrow. 

 

 

Figure 7. SPSS command – One-way ANOVA (Step 3) 
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Next, click “Post Hoc” followed by “Tukey” and “Continue” (Figure 8). 

 

Figure 8. SPSS command – One-way ANOVA (Step 4) 

 

After clicking ‘Continue’ and ‘Options’, the screen shown in Figure 9 appears; then click 

‘Descriptive’ and ‘Continue’. 

 

 

Figure 9. SPSS command – One-way ANOVA (Step 5) 
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Following the implementation of these above steps, the SPSS output screen will appear, with 

the SPSS output in simple English. The output of an independent-samples t-test between Areas 

2 and 4 and a one-way ANOVA by season or month and by year are presented in Chapter 5. 

 

3. Descriptive and Inferential Statistics (SPSS commands) 

 

Click ‘Analyse’, ‘Descriptive Statistics’ and ‘Frequencies’ (Figure 10) 

 

 

Figure 10. SPSS command – Descriptive statistics (Step 1) 

 

Following the implementation of these above steps, the SPSS output screen will appear (Figure 

11). All variables in the left-hand column need to be transferred to the right-hand column by 

clicking the arrow. Then click ‘Statistics’, then click ‘Mean’, ‘Median’, ‘Mode’ etc. as 

required. 
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Figure 11. SPSS command – Descriptive statistics (Step 2) 

 

If bar charts and histograms are required, click ‘Bar Charts’ or ‘Histograms’ (Figure 12). 

 

 

Figure 12. SPSS command – Descriptive statistics (Step 3) 

 

To run correlation analysis, click ‘Analyse, ‘Correlate’ and ‘Bivariate’. Then, all variables in 

the left-hand column need to be transferred to the right-hand column by clicking the arrow 

(Figure 13). 
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Figure 13. SPSS command – Correlation analysis (Step 1) 

 

Then tick ‘Pearson’ or ‘Spearman’, tick ‘Flag significant correlation’ the click ‘OK’ (Figure 

14). 

 

 

Figure 14. SPSS command – Correlation analysis (Step 2) 

 

To run regression analysis for the secondary data, click ‘Analyse’, ‘Regression’ and Linear’ 

(Figure 15). 
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Figure 15. SPSS command – Regression analysis (Step 1) 

 

Following the implementation of the above SPSS command, the following screen appears 

(Figure 16). The dependent and independent variables in the left-hand column need to be 

transferred to the right-hand column by clicking the arrow. 

 

 

Figure 16. SPSS command – Regression analysis (Step 2) 
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4. Boxplot  

Boxplot are a way to show the spread and centre of a data set such as average, median, variance 

and others. To run boxplots, click ‘Graphs’ then click ‘Legacy Dialogs’ and then click 

‘Boxplot’. Then, complete ‘Define Simple Boxplot’ dialog box (Figure 17). 

 

Figure 17. SPSS command – Boxplots analysis 
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Appendix 3 

Table 1-Appendix 3 – Analytical data obtained from 105 authenticated Acacia seyal samples 

during 2013 season.  

No. 
HRC 
code Date 

Area/ 
origin 

Moisture 
(%) 

Optical 
rotation 

Viscosity 
(mPa.s) 

Ash 
(%) 

Colour 
Lovibond pH 

Tannin 
(ppm) Gardner - 1% 

1 43258 22.1.2013 1 11.6 52.5 120 4.01 33.8 4.27 359.53 3.3 

2 43259 4.2.2013 1 12.8 52 135.5 4.03 29 4.22 240.72 1.7 

3 43160 20.2.2013 2 11.7 60 99.5 2.88 30 4.5 314.08 2.0 

4 43161 20.2.2013 2 11.7 50 73 3.01 33.2 4.47 372.94 1.2 

5 43162 23.2.2013 2 11.2 55 122.5 3.95 24.3 4.43 368.55 1.7 

6 43260 2.3.2013 1 9.9 55 124 4.26 31.6 4.36 861.71 3.1 

7 43263 5.3.2013 3 9.6 52.5 102 3.32 38.8 4.59 337.89 3.0 

8 43243 21.3.2013 4 8.4 50 98 2.85 23.7 4.53 511.00 3.4 

9 43163 21.3.2013 2 9.3 55 81.5 3.43 38.5 4.34 387.43 2.2 

10 43244 21.3.2013 4 10.1 52 93 3.05 26.2 4.44 227.27 1.0 

11 43245 21.3.2013 4 10.8 65 98 3.02 40.6 4.34 272.56 1.3 

12 43164 23.3.2013 2 10.3 60 89.5 3.36 23.6 4.4 325.22 1.7 

13 43261 23.3.2013 1 10.8 50 129.5 3.17 43.1 4.36 768.66 3.7 

14 43246 30.3.2013 4 8.9 62.5 72 2.83 35.5 4.48 385.39 3.2 

15 43247 30.3.2013 4 7.7 45 98.5 3.09 23.3 4.4 496.64 2.9 

16 43264 1.4.2013 3 9.5 55 104.5 3.14 33.6 4.55 779.95 4.0 

17 43165 4.4.2013 2 10 50 100.5 3.32 18.1 4.5 930.01 2.9 

18 43166 6.4.2013 2 9.6 40 102 3.38 28.5 4.47 496.38 2.6 

19 43167 11.4.2013 2 9.1 60 93 3.11 28.9 4.35 440.53 2.5 

20 43168 13.4.2013 2 10.6 60 106.5 3.19 30.3 4.37 1211.21 3.0 

21 43169 15.4.2013 2 10.4 55 100 2.6 27.6 4.42 447.32 2.3 

22 43170 15.4.2013 2 9.7 55 115 3.33 25.2 4.17 1353.60 3.4 

23 43171 16.4.2013 2 9.7 50 120 3.87 38.5 4.26 339.00 1.6 

24 43172 17.4.2013 2 9.8 50 96 3.79 26.1 4.34 287.42 0.7 

25 43173 17.4.2013 2 10.8 55 79.5 3.85 29.3 4.31 419.10 2.1 

26 43174 17.4.2013 2 8.2 55 86 3.43 20.5 4.16 522.94 2.8 

27 43175 18.4.2013 2 10.3 60 115 3.39 27.7 4.34 767.30 2.9 

28 43248 18.4.2013 4 9.2 55 68.5 3.36 26 4.29 814.24 3.1 

29 43249 19.4.2013 4 9.2 55 61 3.23 28.7 4.27 880.68 3.7 

30 43176 19.4.2013 2 9 50 90 3.32 29.8 4.31 401.01 2.3 

31 43262 18.4.2013 5 9.3 55 81 3.48 37 4.37 449.70 3.0 

32 43177 20.4.2013 2 8.4 55 70 3.43 21.1 4.26 744.34 3.7 

33 43178 22.4.2013 2 9.3 60 89.5 3.75 39 4.41 281.14 1.3 

34 43179 22.4.2013 2 7.6 55 99.5 3.58 39.6 4.47 339.72 1.3 

35 43180 22.4.2013 2 10.2 55 95 3.53 42.2 4.42 295.70 2.3 

36 43181 23.4.2013 2 7.5 60 87.5 3.66 34.7 4.48 319.23 2.2 

37 43182 23.4.2013 2 9 45 87.5 3.15 30 4.37 379.39 3.0 

38 43183 23.4.2013 2 9.5 55 89.5 3.46 35.4 4.45 318.04 2.1 

39 43184 23.4.2013 2 9.4 50 100.5 3.43 32.5 4.41 378.35 2.9 

40 43185 24.4.2013 2 9.1 50 81.5 3.32 33.7 4.32 362.02 2.1 

41 43186 24.4.2013 2 8.4 55 80.5 3.67 36.1 4.51 389.58 3.0 
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42 43187 24.4.2013 2 10 55 98.5 3.52 37.9 4.53 1150.42 3.3 

43 43188 25.4.2013 2 9.2 57.5 88.5 3.92 30.1 4.37 385.66 2.5 

44 43189 27.4.2013 2 8.5 45 84 4.19 31.7 4.46 782.60 3.2 

45 43190 27.4.2013 2 8.6 60 100 3.33 24.9 4.37 373.69 3.0 

46 43191 27.4.2013 2 7.3 60 96.5 4.83 36.3 4.33 859.08 3.3 

47 43192 27.4.2013 2 8.1 60 98.5 3.76 37.7 4.32 325.95 2.6 

48 43193 27.4.2013 2 9.6 50 83 4.11 32.5 4.39 312.12 2.6 

49 43194 30.4.2013 2 8.2 50 73.5 3.85 33.9 4.43 765.36 3.2 

50 43195 30.4.2013 2 11 60 77 3.27 27.7 4.4 441.31 2.9 

51 43196 30.4.2013 2 10.5 60 87 3.42 38.7 4.45 1232.80 3.3 

52 43250 1.5.2013 4 7.5 60 100 4.49 28.8 4.42 308.54 2.2 

53 43197 1.5.2013 2 8.9 65 97.5 3.97 29.4 4.58 434.78 2.9 

54 43198 1.5.2013 2 9.4 55 93 3.7 24.7 4.53 319.82 2.3 

55 43199 1.5.2013 2 7.8 55 105.5 3.51 33.3 4.47 355.17 2.1 

56 43200 1.5.2013 2 9 60 103 3.31 28.4 4.44 341.94 2.1 

57 43201 1.5.2013 2 8.7 60 85.5 3.25 24.3 4.56 391.38 2.0 

58 43251 2.5.2013 4 8.2 55 97.5 3.46 33.4 4.55 320.98 1.5 

59 43202 4.5.2013 2 8.4 50 96 3.2 27.3 4.36 1000.08 3.4 

60 43252 4.5.2013 4 10.4 45 89.5 3.25 28.4 4.51 1146.94 3.1 

61 43203 5.5.2013 2 9.6 60 78 4.99 29.4 4.54 637.33 3.2 

62 43204 5.5.2013 2 8.5 45 93.5 3.69 23.7 4.44 2848.96 4.8 

63 43205 5.5.2013 2 10.5 55 87.5 3.57 32.9 4.41 1228.69 3.7 

64 43206 5.5.2013 2 9.1 55 71.5 3.27 25.4 4.46 1177.39 3.6 

65 43207 6.5.2013 2 10 55 90 3.49 26 4.27 537.30 3.1 

66 43208 6.5.2013 2 10.1 55 84 3.12 32.8 4.3 758.10 2.9 

67 43209 6.5.2013 2 8.6 45 111 3.55 49.1 4.44 1818.22 4.1 

68 43210 6.5.2013 2 7.7 50 102 5.54 46.3 4.52 572.52 3.0 

69 43211 6.5.2013 2 8.8 60 64.5 3.01 25.7 4.27 1944.19 3.9 

70 43212 7.5.2013 2 8.9 50 76 3.83 34 4.5 1024.54 3.7 

71 43213 7.5.2013 2 8.5 60 92 3.6 26.7 4.48 424.51 3.3 

72 43214 7.5.2013 2 8.5 50 75.5 5.68 29.4 4.45 651.67 3.2 

73 43215 7.5.2013 2 8.7 50 88.5 4.03 30.6 4.36 1936.00 4.1 

74 43216 8.5.2013 2 9 55 86.5 4.17 30.4 4.48 311.68 1.6 

75 43217 8.5.2013 2 9.9 40 72 3.04 27.7 4.4 919.46 3.7 

76 43218 8.5.2013 2 8.2 50 95.5 3.62 34.3 4.39 460.57 2.8 

77 43219 9.5.2013 2 8.8 55 56 3.94 26.6 4.45 1182.70 3.6 

78 43220 9.5.2013 2 9.4 50 93.5 3.53 44.3 4.6 362.81 2.5 

79 43253 9.5.2013 4 10.5 45 101.5 3.63 42.9 4.59 170.11 0.9 

80 43254 11.5.2013 4 9.6 50 93 3.79 38.1 4.66 286.27 1.0 

81 43221 11.5.2013 2 8.1 50 95 3.79 32.8 4.53 942.22 3.3 

82 43222 11.5.2013 2 9.6 50 91 4.23 32.6 4.52 422.11 2.8 

83 43223 11.5.2013 2 9.1 50 83.5 3.37 33.8 4.49 405.40 2.9 

84 43255 11.5.2013 4 8.8 55 90 3.59 29.3 4.54 291.99 2.2 

85 43224 12.5.2013 2 9.3 50 112 3.33 26.1 4.47 534.96 3.0 

86 43256 12.5.2013 4 9.9 50 83 3.39 43.7 4.54 260.23 2.8 

87 43225 14.5.2013 2 10.6 50 118.5 3.74 27.8 4.48 705.21 3.2 
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88 43226 14.5.2013 2 9.4 55 93.5 3.51 26.7 4.43 1142.82 3.2 

89 43227 16.5.2013 2 9.5 50 109 5.11 32.7 4.38 414.37 1.1 

90 43228 18.5.2013 2 10.4 65 104.5 3.79 28.1 4.34 488.71 3.0 

91 43229 18.5.2013 2 10.8 50 86.5 3.97 31.9 4.32 547.11 3.1 

92 43230 18.5.2013 2 10 50 98 4.56 27.5 4.47 582.53 3.1 

93 43257 20.5.2013 4 11.8 55 97 3.8 44 4.49 471.14 3.0 

94 43231 26.5.2013 2 9.6 65 96 4.56 35.6 4.46 549.60 3.1 

95 43232 23.5.2013 2 9.8 55 82.5 4.58 28.7 4.45 479.60 3.2 

96 43233 30.5.2013 2 10 50 94.5 3.5 30.9 4.46 585.24 2.9 

97 43234 1.6.2013 2 10.8 45 90.5 4.65 33.7 4.47 636.55 3.0 

98 43235 1.6.2013 2 10.5 50 108.5 3.87 33.8 4.31 802.01 3.3 

99 43236 1.6.2013 2 10.1 45 82.5 3.19 30.8 4.35 758.74 3.0 

100 43237 2.6.2013 2 11.7 55 94 3.89 35 4.36 1024.31 3.1 

101 43238 2.6.2013 2 10.2 55 83 3.36 31 4.37 832.56 3.1 

102 43239 3.6.2013 2 10.3 50 80.5 3.89 37.5 4.47 413.37 3.1 

103 43240 4.6.2013 2 10.6 55 100 3.1 30.1 4.41 1149.13 3.1 

104 43241 4.6.2013 2 10.3 50 117 4.6 37.7 4.4 2663.34 3.3 

105 43242 5.6.2013 2 10 50 81.5 4.1 22.4 4.49 3280.09 5.5 
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Table 2-Appendix 3 – Analytical data obtained from 46 authenticated Acacia seyal samples 

during 2014 season.  

No. HRC code Date 
Origin
/Area 

Moisture 
% 

Optical 
rotation 

Viscosity 
(mPa.s) 

Ash 
(%) 

Colour 
Lovibond pH Tannin (ppm) Gardner - 1% 

1 45332 27.02.2014 2 11.7 55 108 3.44 25.4 4.59 1236.7 0.7 

2 45333 1.3.2014 2 11.1 45 104 3.63 27.2 4.58 2042.4 0.6 

3 45334 1.3.2014 2 12 60 82.5 3.61 33.3 4.55 1997.2 3.1 

4 45335 1.3.2014 2 10.2 50 91 3.56 24.5 4.52 2230.5 0.4 

5 45336 5.3.2014 2 11.7 60 112.5 3.55 30.6 4.64 816.6 0.3 

6 45337 5.3.2014 2 11.3 45 111 3.7 29.9 4.6 550.2 0.3 

7 45338 5.3.2014 2 12.2 55 110 3.21 34.1 4.51 522.0 0.6 

8 45339 5.3.2014 2 10.1 50 89.5 3.79 29.9 4.58 668.3 0.6 

9 45340 5.3.2014 2 10.4 50 96 3.73 33.7 4.62 338.9 0.3 

10 45341 6.3.2014 2 9 55 100.5 3.78 31.3 4.56 1388.9 0.3 

11 45342 8.3.2014 2 10.1 40 106.5 3.79 27.4 4.55 2783.8 1.9 

12 45343 8.3.2014 2 10.5 45 101.5 3.59 39.9 4.51 3213.4 1.6 

13 45344 9.3.2014 2 10.9 55 96 3.19 29 4.54 3634.4 3 

14 45345 9.3.2014 2 11.6 55 100 3.52 35.2 4.65 3137.0 2.5 

15 45346 10.3.2014 2 10.2 50 109 3.46 32.2 4.55 3149.0 1.1 

16 45347 16.3.2014 2 11.2 45 92.5 3.49 28.1 4.5 398.7 2.7 

17 45348 19.3.2014 4 10.3 55 90.5 3.86 36.3 4.71 2715.7 2.2 

18 45349 19.3.2014 4 10.4 55 92 3.3 39.4 4.63 2631.9 1.4 

19 45350 22.3.2014 2 11.4 50 103 3.63 41.5 4.58 1369.8 0.5 

20 45351 22.3.2014 2 11.3 45 105 3.5 32.6 4.54 1750.6 1.1 

21 45352 22.3.2014 2 10.7 50 105.5 3.7 47.5 4.62 1619.9 0.6 

22 45353 22.3.2014 2 10.1 55 98.5 3.72 40.3 4.58 1724.0 1.8 

23 45354 22.3.2014 2 10.1 60 96 3.48 42.4 4.56 2452.7 1.6 

24 45355 27.3.2014 2 10.3 50 106 3.98 39 4.59 2745.6 1.1 

25 45356 27.3.2014 2 10.1 60 93.5 3.47 34.2 4.63 1438.3 0.5 

26 45357 27.3.2014 2 9.3 50 100 3.49 38.5 4.65 586.2 0.9 

27 45358 27.3.2014 2 9.7 50 99.5 3.19 35.9 4.61 432.0 0.5 

28 45359 29.3.2014 2 11.3 55 99 3.25 29.5 4.1 924.3 2.9 

29 45360 31.3.2014 2 9.8 60 99 3.38 28.1 4.69 755.0 0.6 

30 45361 1.4.2014 4 9.8 55 95 3.38 29.2 4.76 878.0 1 

31 45362 4.4.2014 4 8.8 45 96 3.73 36.6 4.72 789.8 0.5 

32 45363 4.4.2014 2 9.7 60 88.5 3.28 27.7 4.6 1049.6 1 

33 45364 7.4.2014 2 9.2 65 96.5 3.11 33.3 4.56 792.2 0.9 

34 45365 9.4.2014 2 9.8 55 172.5 3.35 25.1 4.55 172.6 0.6 

35 45366 12.4.2014 2 9.4 55 109 3.76 33.8 4.59 973.9 1.3 

36 45367 9.4.2014 2 8.7 50 102 3.8 28.2 4.53 2928.9 0.7 

37 45368 13.4.2014 2 10.3 60 107 3.19 29.2 4.69 1332.6 2.7 

38 45369 13.4.2014 2 8.9 65 96 3.86 32.5 4.6 1421.3 0.5 

39 45370 14.4.2014 2 10.2 55 97 3.19 30.6 4.63 1854.8 0.9 

40 45371 17.4.2014 2 10.1 50 100.5 3.96 39.4 4.53 2052.4 0.6 
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41 45372 19.4.2014 2 10.5 45 93 3.15 25 4.66 646.1 0.7 

42 45373 19.4.2014 2 10.5 55 115.5 3.49 29.7 4.64 581.6 0.4 

43 45374 19.4.2014 2 9.7 55 106.5 3.12 26.8 4.61 1106.3 2.5 

44 45375 24.4.2014 2 9.8 50 115 3.46 29.4 4.6 1135.9 0.8 

45 45376 27.4.2014 2 10.8 55 105.5 3.35 30.9 4.55 1553.7 0.7 

46 45377 1.5.2014 2 9.9 45 103.5 3.82 35 4.53 897.9 0.3 
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Table 3 –Appendix 3. Analytical data obtained from 109 authenticated Acacia seyal samples 

during 2015 season.  

No HRC Code Date 

Origin

/Area Moisture % 

Optical 

rotation 

Viscosity 

(mPa.s) Ash (%) 

Colour 

Lovibond pH 

Tannin 

(ppm) Gardner (1%) 

1 45226 14.1.2015 3 13.3 50 100.5 3.26 31.3 4.66 1078 0.8 

2 45227 14.1.2015 3 12.8 60 96.5 3.25 28.4 4.64 736 0.3 

3 45228 28.1.2015 2 12.9 55 99 3 35.5 4.64 678 0.5 

4 45229 28.1.2015 2 12.9 50 104.5 3.38 40.7 4.67 727 0.6 

5 45230 4.2.2015 2 12.4 55 91 3.43 31.6 4.59 958 0.4 

6 45231 5.2.2015 2 12.8 50 93 3.53 37.3 4.64 786 0.5 

7 45232 9.2.2015 2 12.5 55 96.5 3.54 34.8 4.51 1185 1.5 

8 45233 11.2.2015 2 12.6 55 92.5 3.49 33.2 4.58 999 0.7 

9 45234 16.2.2015 4 11.2 50 82 3.4 36.5 4.56 752 0.8 

10 45235 16.2.2015 4 10.8 50 97 3.5 33.9 4.5 840 0.3 

11 45236 16.2.2015 2 10.5 55 92.5 3.58 37.4 4.51 509 0.2 

12 45237 22.2.2015 2 12.4 60 102 3.42 32.7 4.33 1133 0.5 

13 45238 22.2.2015 2 11.4 50 101.5 3.22 29.7 4.46 924 0.6 

14 45239 24.2.2015 2 11.9 50 93 3.29 30.3 4.55 924 0.4 

15 45240 24.2.2015 2 12.2 55 93 3.56 32.8 4.47 1268 0.8 

16 45241 28.2.2015 2 11 55 97 3.4 22.7 4.5 492 0.2 

17 45242 1.3.2015 2 10.7 50 83.5 3.58 26.8 4.38 1003 0.8 

18 45243 3.3.2015 2 11.8 50 94.5 3.33 35.1 4.39 822 0.6 

19 45244 3.3.2015 2 11.8 55 91 3.48 32.6 4.58 1735 2.4 

20 45245 3.3.2015 2 10.4 55 96.5 3.58 29.7 4.43 965 0.5 

21 45246 7.3.2015 2 10.4 50 69 3.98 31 4.45 1113 0.8 

22 45247 7.3.2015 2 9.8 45 84 3.68 33.6 4.54 616 0.1 

23 45248 7.3.2015 2 10.5 45 96 3.68 29.5 4.52 1076 1 

24 45249 12.3.2015 2 9.8 50 96.5 3.17 33.4 4.48 1004 0.8 

25 45250 14.3.2015 4 10 50 87 3.45 28.9 4.51 1408 1.8 

26 45251 15.3.2015 2 9.5 55 65.5 3.63 34.7 4.48 1667 2.9 

27 45252 16.3.2015 2 9 55 81.5 3.62 33.6 4.42 1161 0.9 

28 45253 17.3.2015 2 9.4 50 82.5 3.45 37.7 4.44 1235 1.8 

29 45254 18.3.2015 2 9.6 45 89.5 3.37 30 4.51 916 0.3 

30 45255 21.3.2015 2 11.7 50 96 3.13 41.8 4.46 1389 0.6 

31 45256 21.3.2015 2 9.5 50 100.5 3.23 40.7 4.5 1136 0.9 

32 45257 21.3.2015 2 11.2 45 94 3.17 30.9 4.53 927 0.7 

33 45258 21.3.2015 2 12.1 55 88 3.22 28.6 4.44 671 0.3 

34 45259 21.3.2015 2 10.3 55 93.5 4.09 32.7 4.67 686 0.3 

35 45260 24.3.2015 2 11 50 85.5 3.1 30.9 4.58 733 0.4 

36 45261 28.3.2015 2 10.8 45 94.5 3.17 31.8 4.45 822 0.3 

37 45262 2.4.2015 2 10 50 91 3.23 31.5 4.5 1016 0.7 

38 45263 5.4.2015 2 9.9 45 97 3.28 33.2 4.3 934 0.4 
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39 45264 11.4.2015 4 10.6 50 110.5 3.16 35.1 4.49 1029 0.2 

40 45265 11.4.2015 4 10.5 50 105.5 3.25 31.7 4.43 1327 0.3 

41 45266 12.4.2015 4 10.2 55 94.5 3.38 35.9 4.55 2096 0.7 

42 45267 16.4.2015 4 10.8 50 98 3.48 34.8 4.55 2689 1.3 

45 45270 16.4.2015 4 11.6 55 105 3.29 36.7 4.67 2192 0.8 

46 45271 16.4.2015 4 9.6 50 93.5 3.16 35.2 4.47 2191 0.8 

47 45272 18.4.2015 2 9.1 50 92 3.62 35.4 4.45 2202 1.1 

48 45273 18.4.2015 2 9.3 55 101 3.34 33.5 4.44 1921 0.9 

50 45275 18.4.2015 2 8.5 60 76 3.33 25.4 4.36 3426 2.7 

51 45276 21.4.2015 4 10.6 55 87 4.27 31.5 4.31 2540 2.1 

52 45277 23.4.2015 2 8.9 60 88 3.39 27.8 4.3 1158 0.6 

53 45278 26.4.2015 4 10.3 60 92 3.51 27.5 4.34 729 0.4 

54 45279 26.4.2015 4 9.5 55 153.5 3.63 32.3 4.47 941 0.3 

55 45280 26.4.2015 4 9.8 45 88.5 4.55 35.5 4.45 912 0.5 

56 45281 28.4.2015 4 10.6 60 91 3.21 35.9 4.47 748 0.5 

57 45282 28.4.2015 4 10.3 50 79 3.2 29.6 4.42 1754 0.3 

58 45283 28.4.2015 4 10.6 55 89 3.47 31.2 4.55 889 0.3 

59 45284 28.4.2015 4 10.7 50 88.5 3.1 27 4.56 891 0.3 

60 45285 29.4.2015 2 9.3 50 74.5 3.03 30.6 4.37 672 0.5 

61 45286 29.4.2015 4 9.8 50 85 3.52 32.2 4.49 761 0.3 

64 45289 3.5.2015 2 9.4 55 68.5 2.95 26.3 4.46 889 4.4 

67 45292 5.5.2015 2 9.5 55 66.5 3.79 36.7 4.5 1188 2 

68 45293 6.5.2015 2 9.5 60 72 3.41 34.7 4.47 1373 1.8 

70 45295 7.5.2015 4 9.4 60 77.5 3.01 30.2 4.61 524 0.7 

71 45296 7.5.2015 4 9.5 50 86.5 3.54 38.9 4.62 543 0.6 

72 45297 7.5.2015 4 10.6 55 92.5 3.21 33.2 4.6 1273 1.3 

73 45298 9.5.2015 2 9.5 55 102 3.34 27.4 4.58 708 1 

74 45299 9.5.2015 4 10 60 88.5 3.74 29.2 4.67 994 2.3 

77 45302 11.5.2015 4 8.9 50 88.5 2.96 25.6 4.55 1969 1.7 

80 45305 12.5.2015 4 8.9 50 94 2.93 24.6 4.53 915 0.7 

83 45308 14.5.2015 4 9.7 55 92.5 2.77 29.6 4.36 3088 2.9 

84 45309 14.5.2015 4 9.3 55 90.5 3.05 34.7 4.47 1105 0.8 

86 45311 20.5.2015 2 10.5 55 91.5 3.33 27.1 4.41 1462 0.9 

87 45312 21.5.2015 2 9.3 45 86.5 3.31 29.3 4.43 3319 2.9 

88 45313 21.5.2015 2 9.7 50 80.5 2.84 26.4 4.38 1077 0.9 

89 45314 25.5.2015 4 10 50 78.5 2.91 23.1 4.46 865 0.3 

90 45315 25.5.2015 4 9.9 45 81 2.9 32.4 4.32 654 0.6 

93 45318 30.5.2015 2 10.3 50 82.5 2.98 32.9 4.34 742 0.6 

94 45319 30.5.2015 2 10.5 55 70 3.14 30.8 4.35 855 0.5 

95 45320 6.6.2015 4 11 50 90 2.96 34.2 4.45 386 0.2 

98 45323 11.6.2015 4 11.3 50 88 3.31 33.1 4.56 3569 0.3 

99 45324 11.6.2015 4 11.8 50 76 3.28 25.3 4.52 895 0.5 
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100 45325 11.6.2015 4 10 45 89 3.51 40.6 4.36 880 0.6 

102 45327 13.6.2015 4 11.1 65 80 3.3 35.3 4.41 856 0.3 

104 45329 13.6.2015 4 10.3 45 85.5 3.32 26.1 4.38 409 0.4 

105 45330 13.6.2015 4 10.8 50 87.5 3.43 41.4 4.41 1041 0.4 

109 45380 15.6.2015 4 9.6 45 96.5 3.26 32.4 4.25 1273 1.1 
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Table 4 – Appendix 3. Analytical data obtained from 125 authenticated Acacia seyal samples 

during 2016 season.  

No. 
HRC code 

Date 
Area/ 
origin Moisture % 

Optical 
Rotation 

Viscosity 
(mPa.s) 

Ash 
(%) 

Colour 
Lovibond pH 

Tannin 
(ppm) 

Gardner (1%) 

1 
45101 

10.1.2016 4 12.86 45 66 3.06 35.1 4.51 859 2.4 

2 
45102 

10.1.2016 4 13.3 50 66.5 3.39 39.5 4.48 387 0.8 

3 
45103 

10.1.2016 4 13 50 77 3.29 38 4.44 596 1.9 

4 
45104 

10.1.2016 4 12.46 50 75.5 3.37 30.3 4.48 511 1.8 

5 
45105 

10.1.2016 4 12.72 45 69 3.75 33.8 4.51 433 1.1 

6 
45106 

10.1.2016 4 12.24 45 74 3.39 33 4.57 970 3.0 

7 
45107 

11.1.2016 4 12.76 50 78.5 3.44 39.2 4.55 337 0.9 

8 
45108 

11.1.2016 4 13.32 50 77 3.29 25 4.56 428 0.9 

9 
45109 

11.1.2016 4 12.23 55 71.5 3.99 39.7 4.55 878 2.1 

10 
45110 

11.1.2016 4 12.54 45 67 3.69 36.2 4.54 301 0.7 

11 
45111 

11.1.2016 4 12.82 50 82 2.89 23.4 4.47 372 3.3 

12 
45112 

12.1.2016 4 12.7 50 63 3.12 25.2 4.43 451 1.6 

13 
45113 

12.1.2016 4 12.85 50 70 3.11 31.5 4.41 599 0.9 

14 
45114 

13.1.2016 4 12.04 55 67 3.1 37.4 4.44 400 0.9 

15 
45115 

13.1.2016 4 12.04 45 65.5 3.13 28.4 4.55 125 0.6 

16 
45116 

13.1.2016 4 11.68 50 83 3.09 31.7 4.5 205 0.6 

17 
45117 

14.1.2016 4 12.13 55 76 2.75 37.7 4.47 558 0.8 

18 
45118 

14.1.2016 4 11.12 55 85 2.96 31.3 4.55 1113 3.8 

19 
45119 

15.1.2016 4 12.42 50 67.5 3.06 33.2 4.54 178 0.7 

20 
45120 

16.1.2016 4 12.51 45 71.5 2.89 34.6 4.6 362 0.8 

21 
45121 

16.1.2016 4 11.87 50 79 3.01 27.9 4.55 528 2.0 

22 
45122 

20.1.2016 4 12.13 50 72.5 2.7 26.3 4.55 268 0.8 

23 
45123 

23.1.2016 3 13.16 60 79 2.76 29.6 4.53 113 3.0 

24 
45124 

23.1.2016 3 12.86 55 82 2.75 30.7 4.68 647 1.4 

25 
45125 

24.1.2016 2 11.09 55 82 2.97 34.3 4.5 440 2.0 

26 
45126 

24.1.2016 2 13.39 50 78.5 3.17 30.5 4.48 946 3.8 

27 
45127 

25.1.2016 2 12.04 55 83 3.17 35.2 4.54 393 0.8 

28 
45128 

30.1.2016 2 13.08 55 74 2.92 25.7 4.55 520 1.8 

29 
45129 

1.2.2016 3 11.28 60 96 3.44 34.3 4.51 772 3.0 

30 
45130 

6.2.2016 2 11.24 50 85.5 3.51 37.7 4.53 624 2.3 

31 
45131 

7.2.2016 4 10.76 55 83.5 3 28.5 4.48 1295 3.6 

32 
45132 

7.2.2016 4 11.5 50 73 3.22 32.3 4.54 707 2.5 

33 
45133 

7.2.2016 4 11.69 50 75 3.28 31.2 4.5 374 1.3 

34 
45134 

7.2.2016 4 11.88 55 77 3.13 30.9 4.55 694 3.6 

35 
45135 

8.2.2016 2 11.74 50 74.5 3.47 36.9 4.56 1269 2.5 
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36 
45136 

11.2.2016 2 11.42 55 78 2.86 29.5 4.33 723 2.9 

37 
45137 

14.2.2016 3 10.65 50 87.5 3.1 29.6 4.41 1076 3.3 

38 
45138 

16.2.2016 3 10.19 45 96.5 2.78 30 4.39 1200 4.3 

39 
45139 

18.2.2016 4 11.19 50 73.5 2.78 23.3 4.4 335 1.2 

40 
45140 

20.2.2016 4 11.8 50 90 3.03 25.1 4.36 463 2.6 

41 
45141 

20.2.2016 4 12.1 55 80 2.7 25.9 4.4 484 1.2 

42 
45142 

20.2.2016 3 9.19 50 81.5 2.58 26.7 4.37 768 2.9 

43 
45143 

20.2.2016 4 11.72 55 79.5 2.96 30.9 4.37 297 0.7 

44 
45144 

21.2016 4 11.09 55 82.5 2.85 32.7 4.44 496 1.7 

46 
45146 

16.2.2016 4 12.06 50 77.5 2.95 32.8 4.45 405 0.7 

47 
45147 

18.2.2016 4 11.56 45 79 3.24 30.3 4.5 652 2.9 

48 
45148 

13.2.2016 2 11.21 55 82 2.35 37.1 4.38 426 1.4 

49 
45149 

17.2.2016 2 11.45 50 91.5 2.58 32.7 4.35 700 3.0 

50 
45150 

21.2.2016 3 10.94 45 76 2.65 33.4 4.44 469 1.5 

51 
45151 

21.2.2016 3 13.61 45 71.5 2.71 33 4.42 919 1.7 

52 
45152 

21.2.2016 3 10.94 50 87 2.8 30.6 4.43 1011 2.7 

53 
45153 

21.2.2016 3 10.63 50 81.5 2.75 37.8 4.45 2016 4.7 

54 
45154 

21.2.2016 3 11.85 45 93 2.98 27.2 4.65 1394 3.0 

55 
45155 

21.2.2016 3 11.59 55 101.5 2.68 32.6 4.64 1474 2.9 

56 
45156 

22.2.2016 3 12.76 60 116 3.04 32.1 4.59 1915 4.0 

57 
45157 

22.2.2016 3 11.69 55 102 3.01 23.7 4.66 1675 3.8 

58 
45158 

22.2.2016 3 12.36 60 91 3.07 31.3 4.44 1455 3.1 

59 
45159 

20.2.2016 3 9.76 50 94 2.96 31.5 4.45 2090 3.3 

60 
45160 

25.2.2016 4 10.48 50 81.5 2.84 29.7 4.45 834 1.5 

61 
45161 

21.2.2016 2 11.28 55 84.5 3.05 29.5 4.5 949 1.9 

62 
45162 

23.2.2016 2 11.16 60 106 2.85 32.2 4.48 1259 3.0 

63 
45163 

22.2.2016 3 10.38 50 105.5 3.28 39.3 4.52 1579 3.3 

64 
45164 

26.2.2016 3 9.01 50 114.5 3.23 27 4.54 1458 2.9 

65 
45165 

5.3.2016 3 9.11 60 105.5 2.29 31.1 4.38 1912 4.5 

66 
45166 

5.3.2016 3 9.65 50 89.5 2.79 34.3 4.41 1725 4.2 

67 
45167 

5.3.2016 2 9.8 50 84 2.81 34.2 4.43 1334 4.0 

68 
45168 

5.3.2016 2 9.08 55 87.5 2.42 23.9 4.37 1234 3.2 

69 
45169 

5.3.2016 3 8.67 60 90.5 3.18 35.4 4.5 1880 3.3 

70 
45170 

8.3.2016 3 7.97 40 104 3.67 30.5 4.44 1470 3.1 

71 
45171 

8.3.2016 3 9.23 40 106.5 3.12 36.5 4.4 1398 3.1 

72 
45172 

9.3.2016 2 10.03 35 105 2.65 29.6 4.41 1348 3.7 

73 
45173 

9.3.2016 2 10.22 50 80 2.64 34.1 4.38 1512 2.3 

74 
45174 

10.3.2016 3 8.51 50 105 2.71 34.4 4.41 1690 5.1 
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75 
45175 

10.3.2016 6 10.8 40 95 2.74 32.6 4.4 2297 5.0 

76 
45176 

10.3.2016 6 10.12 55 90 2.78 31.6 4.38 1238 2.9 

77 
45177 

10.3.2016 4 9.55 45 74 3.06 30.6 4.5 921 2.2 

78 
45178 

13.3.2016 4 9.68 50 81.5 3.07 29.8 4.4 1202 2.9 

79 
45179 

13.3.2016 4 9.85 45 117.5 2.78 28.8 4.43 1332 3.0 

80 
45180 

14.3.2016 4 9.73 40 85 3.01 32.1 4.43 1406 2.9 

81 
45181 

14.3.2016 4 9.85 45 79.5 3.19 22.9 4.45 875 2.2 

82 
45182 

14.3.2016 4 9.35 55 77.5 3.06 25.3 4.55 1047 2.3 

83 
45183 

14.3.2016 6 11.24 45 68 2.29 26.1 4.48 1350 2.9 

84 
45184 

15.3.2016 4 9.1 50 83.5 2.8 28.5 4.46 1412 2.7 

85 
45185 

16.3.2016 6 11.64 40 78 3.26 31.8 4.44 1318 2.3 

86 
45186 

16.3.2016 6 10.35 45 97.5 3.29 31.7 4.45 1513 2.9 

87 
45187 

16.3.2016 4 9.61 50 88.5 3.13 21.8 4.46 1635 3.3 

88 
45188 

14.3.2016 4 10.93 45 65.5 3.22 22.4 4.48 780 1.6 

89 
45189 

17.3.2016 2 8.4 60 54.5 3.13 31.1 4.47 1404 2.9 

90 
45190 

17.3.2016 4 10.28 50 73 3 28.3 4.44 1191 2.9 

91 
45191 

17.3.2016 2 9.55 45 76 3.12 28.2 4.46 1223 3.0 

92 
45192 

20.3.2016 4 10.09 50 72 2.96 26.2 4.45 1535 2.9 

93 
45193 

22.3.2016 2 9.84 65 66 2.99 27.7 4.5 1648 3.2 

94 
45194 

23.3.2016 1 10.2 40 108.5 3.3 25.7 4.46 1421 3.1 

95 
45195 

23.3.2016 4 10.97 60 82.5 3.47 28.1 4.46 1057 1.1 

96 
45196 

24.3.2016 1 9.65 55 118 3.18 31.2 4.49 1615 3.6 

97 
45197 

27.3.2016 2 8.28 55 102 3.08 27.7 4.47 2088 4.8 

98 
45198 

27.3.2016 2 8.7 60 88.5 3.1 32 4.62 1486 3.6 

99 
45199 

27.3.2016 2 9.36 50 91 3.2 36.3 4.6 1647 4.3 

100 
45200 

31.3.2016 2 8.71 60 90 3.31 30.2 4.63 1767 3.8 

101 
45201 

2.4.2016 1 10.12 45 122.5 2.29 31.7 4.57 1315 3.0 

102 
45202 

4.4.2016 2 9.26 55 78.5 3.14 37.8 4.6 1380 3.0 

103 
45203 

4.4.2016 2 8.57 55 77.5 3.14 32.8 4.59 1505 3.1 

104 
45204 

4.4.2016 2 8.28 60 84 3.09 35.8 4.57 1982 4.2 

105 
45205 

6.4.2016 2 8.54 60 67 3.32 36.3 4.55 1123 2.9 

106 
45206 

18.4.2016 2 8.66 50 69.5 3.33 33.9 4.5 2703 5.1 

107 
45207 

19.4.2016 2 8.77 55 74 3.29 36 4.7 1058 2.9 

108 
45208 

20.4.2016 1 13.61 50 130.5 3.14 36 4.5 738 0.9 

109 
45209 

23.4.2016 2 11.58 50 88.5 3.23 34.9 4.58 1693 2.9 

110 
45210 

25.4.2016 2 10.1 45 78 3.44 37.2 4.42 1495 3.1 

111 
45211 

25.4.2016 2 9.3 45 100.5 3.26 32.3 4.55 843 2.4 

112 
45212 

30.4.2016 4 11.19 50 79.5 3.07 39.3 4.46 967 2.6 
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113 
45213 

1.5.2016 4 11.33 55 86 3 37.9 4.5 611 0.8 

114 
45214 

1.5.2016 4 10.91 45 92 3.09 39.4 4.44 592 0.8 

115 
45215 

1.5.2016 2 10.08 55 82.5 3.19 35.3 4.5 787 1.6 

116 
45216 

1.5.2016 2 9.22 60 83 3.16 34.3 4.52 1079 2.1 

117 
45217 

5.5.2016 4 10.3 50 111 3.31 33.9 4.51 872 1.6 

118 
45218 

5.5.2016 4 9.8 50 100 3.82 37.6 4.4 747 1.6 

119 
45219 

5.5.2016 2 10.47 65 58 2.99 37.6 4.48 750 3.1 

120 
45220 

5.5.2016 4 10.48 50 86.5 3.3 39 4.41 818 2.1 

121 
45221 

9.5.2016 4 10.45 55 85.5 3.32 36.3 4.42 1244 3.0 

122 
45222 

9.2.2016 4 10.67 60 77.5 3.43 33.9 4.45 1606 4.0 

123 
45223 

12.5.2016 2 9.89 45 63 2.95 35.2 4.45 1110 3.4 

125 
45225 

22.5.2016 4 12.07 50 72.5 2.83 38.8 4.4 590 1.1 
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Table 5 –Appendix 3. The ANOVA test by the month as obtained from SPSS.  

 

The ANOVA test determines whether the means of key variables such as pH, tannin, Gardner 

index etc. of three or more treatments or groups are different. The treatments or groups 

consist of months of February, March, April and May. Sum of squares (SS) represent the sum 

of squared differences from the mean. df means degree of Freedom. Mean square (MS) is 

obtained by dividing the sum of squares (SS) with its degree of freedom (df). F is obtained by 

dividing the Mean Squares Between (MSB) by Mean Squares Within (MSW). Sig. means the 

finding is significant level of the study and closer to zero means more confidence in the 

findings.  

 

ANOVA 

 Sum of Squares df Mean Square F Sig. 

Moisture Between Groups 134.706 3 44.902 51.248 .000 

Within Groups 271.614 310 .876   

Total 406.320 313    

Optical 

Rotation 

Between Groups 2879.312 3 959.771 1.771 .153 

Within Groups 168001.699 310 541.941   

Total 170881.010 313    

Viscosity Between Groups 1366.442 3 455.481 2.231 .085 

Within Groups 63302.059 310 204.200   

Total 64668.501 313    

Ash Between Groups 6.954 3 2.318 12.222 .000 

Within Groups 58.789 310 .190   

Total 65.742 313    

Colour  

Lovibond 

Between Groups 26.347 3 8.782 .357 .784 

Within Groups 7634.755 310 24.628   

Total 7661.101 313    

pH Between Groups .045 3 .015 1.444 .230 

Within Groups 3.218 310 .010   

Total 3.263 313    

Tannin Between Groups 10201432.700 3 3400477.567 8.097 .000 

Within Groups 130189830.449 310 419967.195   

Total 140391263.149 313    
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Table 6 –Appendix 3.  The Post Hoc Test (Tukey) by month. 

The ANOVA test (Table 5) tells us whether we have a significant difference between groups, 

but it does not tell us which specific groups differed. The post hoc tests is performed to 

confirm where the differences occurred between groups. 

 

Multiple Comparisons 

Tukey HSD   

Dependent Variable (I) month (J) month 

Mean 

Difference (I-J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

Moisture 2.000 3.000 1.329836* .161773 .000 .91197 1.74770 

4.000 1.808050* .164431 .000 1.38332 2.23278 

5.000 1.869953* .165935 .000 1.44134 2.29857 

3.000 2.000 -1.329836* .161773 .000 -1.74770 -.91197 

4.000 .478214* .139675 .004 .11743 .83900 

5.000 .540117* .141443 .001 .17477 .90547 

4.000 2.000 -1.808050* .164431 .000 -2.23278 -1.38332 

3.000 -.478214* .139675 .004 -.83900 -.11743 

5.000 .061903 .144475 .974 -.31128 .43509 

5.000 2.000 -1.869953* .165935 .000 -2.29857 -1.44134 

3.000 -.540117* .141443 .001 -.90547 -.17477 

4.000 -.061903 .144475 .974 -.43509 .31128 

Optical  

Rotation 

2.000 3.000 9.102700 4.023341 .109 -1.28967 19.49507 

4.000 6.500894 4.089447 .386 -4.06223 17.06402 

5.000 7.268762 4.126861 .294 -3.39100 17.92852 

3.000 2.000 -9.102700 4.023341 .109 -19.49507 1.28967 

4.000 -2.601806 3.473754 .877 -11.57458 6.37097 

5.000 -1.833939 3.517722 .954 -10.92028 7.25241 

4.000 2.000 -6.500894 4.089447 .386 -17.06402 4.06223 

3.000 2.601806 3.473754 .877 -6.37097 11.57458 

5.000 .767867 3.593143 .997 -8.51329 10.04903 

5.000 2.000 -7.268762 4.126861 .294 -17.92852 3.39100 

3.000 1.833939 3.517722 .954 -7.25241 10.92028 

4.000 -.767867 3.593143 .997 -10.04903 8.51329 

Viscosity  2.000 3.000 -1.871318 2.469670 .873 -8.25052 4.50789 

4.000 -3.579383 2.510249 .484 -10.06340 2.90464 

5.000 1.862336 2.533214 .883 -4.68101 8.40568 

3.000 2.000 1.871318 2.469670 .873 -4.50789 8.25052 

4.000 -1.708065 2.132314 .854 -7.21588 3.79974 

5.000 3.733653 2.159303 .310 -1.84387 9.31118 

4.000 2.000 3.579383 2.510249 .484 -2.90464 10.06340 

3.000 1.708065 2.132314 .854 -3.79974 7.21588 

5.000 5.441719 2.205599 .067 -.25539 11.13883 
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5.000 2.000 -1.862336 2.533214 .883 -8.40568 4.68101 

3.000 -3.733653 2.159303 .310 -9.31118 1.84387 

4.000 -5.441719 2.205599 .067 -11.13883 .25539 

Ash content  2.000 3.000 -.162840 .075262 .136 -.35724 .03156 

4.000 -.310912* .076499 .000 -.50851 -.11331 

5.000 -.430600* .077199 .000 -.63001 -.23119 

3.000 2.000 .162840 .075262 .136 -.03156 .35724 

4.000 -.148073 .064981 .105 -.31592 .01978 

5.000 -.267761* .065804 .000 -.43773 -.09779 

4.000 2.000 .310912* .076499 .000 .11331 .50851 

3.000 .148073 .064981 .105 -.01978 .31592 

5.000 -.119688 .067215 .285 -.29331 .05393 

5.000 2.000 .430600* .077199 .000 .23119 .63001 

3.000 .267761* .065804 .000 .09779 .43773 

4.000 .119688 .067215 .285 -.05393 .29331 

Colour Lovibond 2.000 3.000 -.715180 .857684 .838 -2.93060 1.50024 

4.000 -.771959 .871777 .812 -3.02378 1.47986 

5.000 -.831942 .879752 .780 -3.10436 1.44048 

3.000 2.000 .715180 .857684 .838 -1.50024 2.93060 

4.000 -.056779 .740525 1.000 -1.96957 1.85601 

5.000 -.116762 .749898 .999 -2.05376 1.82024 

4.000 2.000 .771959 .871777 .812 -1.47986 3.02378 

3.000 .056779 .740525 1.000 -1.85601 1.96957 

5.000 -.059983 .765976 1.000 -2.03851 1.91855 

5.000 2.000 .831942 .879752 .780 -1.44048 3.10436 

3.000 .116762 .749898 .999 -1.82024 2.05376 

4.000 .059983 .765976 1.000 -1.91855 2.03851 

pH 2.000 3.000 -.015389 .017608 .818 -.06087 .03009 

4.000 .013770 .017898 .868 -.03246 .06000 

5.000 .009386 .018062 .954 -.03727 .05604 

3.000 2.000 .015389 .017608 .818 -.03009 .06087 

4.000 .029159 .015203 .223 -.01011 .06843 

5.000 .024774 .015396 .375 -.01499 .06454 

4.000 2.000 -.013770 .017898 .868 -.06000 .03246 

3.000 -.029159 .015203 .223 -.06843 .01011 

5.000 -.004385 .015726 .992 -.04500 .03624 

5.000 2.000 -.009386 .018062 .954 -.05604 .03727 

3.000 -.024774 .015396 .375 -.06454 .01499 

4.000 .004385 .015726 .992 -.03624 .04500 

Tannin 2.000 3.000 -421.409212* 112.000126 .001 -710.70778 -132.11065 

4.000 -132.750047 113.840378 .649 -426.80202 161.30193 

5.000 10.469902 114.881867 1.000 -286.27226 307.21206 
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3.000 2.000 421.409212* 112.000126 .001 132.11065 710.70778 

4.000 288.659166* 96.700960 .016 38.87865 538.43968 

5.000 431.879115* 97.924906 .000 178.93712 684.82111 

4.000 2.000 132.750047 113.840378 .649 -161.30193 426.80202 

3.000 -288.659166* 96.700960 .016 -538.43968 -38.87865 

5.000 143.219949 100.024450 .480 -115.14521 401.58510 

5.000 2.000 -10.469902 114.881867 1.000 -307.21206 286.27226 

3.000 -431.879115* 97.924906 .000 -684.82111 -178.93712 

4.000 -143.219949 100.024450 .480 -401.58510 115.14521 

Colour  

Gardner 

2.000 3.000 -.037357 .212869 .998 -.58720 .51249 

4.000 .107200 .216366 .960 -.45168 .66608 

5.000 -.259334 .218346 .635 -.82332 .30466 

3.000 2.000 .037357 .212869 .998 -.51249 .58720 

4.000 .144557 .183791 .861 -.33018 .61929 

5.000 -.221977 .186117 .632 -.70272 .25877 

4.000 2.000 -.107200 .216366 .960 -.66608 .45168 

3.000 -.144557 .183791 .861 -.61929 .33018 

5.000 -.366534 .190107 .218 -.85759 .12452 

5.000 2.000 .259334 .218346 .635 -.30466 .82332 

3.000 .221977 .186117 .632 -.25877 .70272 

4.000 .366534 .190107 .218 -.12452 .85759 

*. The mean difference is significant at the 0.05 level. 
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Table 7 – Appendix 3. Descriptive Statistics (by month).  

Table legends as given in Table 6. 

 

 N Mean 
Std. 
Deviation Std. Error 

95% Confidence Interval for Mean 

Minimum Maximum Lower Bound Upper Bound 

Moisture 2.000 52 11.44154 .881154 .122194 11.19622 11.68685 9.010 13.610 

3.000 94 10.11170 .965740 .099608 9.91390 10.30950 7.700 12.200 

4.000 86 9.63349 .996155 .107418 9.41991 9.84706 7.300 13.610 

5.000 82 9.57159 .867317 .095779 9.38101 9.76216 7.500 12.070 

Total 314 10.05990 1.139363 .064298 9.93339 10.18642 7.300 13.610 

Optical 
Rotation 

2.000 52 60.13462 55.982851 7.763425 44.54889 75.72034 45.000 455.000 

3.000 94 51.03191 6.235869 .643181 49.75469 52.30914 35.000 65.000 

4.000 86 53.63372 5.140053 .554266 52.53169 54.73575 40.000 65.000 

5.000 82 52.86585 5.330467 .588652 51.69462 54.03709 40.000 65.000 

Total 314 53.73089 23.365481 1.318590 51.13647 56.32531 35.000 455.000 

Viscosity 2.000 52 90.74038 13.494912 1.871408 86.98338 94.49739 71.500 135.500 

3.000 94 92.61170 13.308206 1.372637 89.88592 95.33749 54.500 129.500 

4.000 86 94.31977 17.028853 1.836268 90.66877 97.97076 61.000 172.500 

5.000 82 88.87805 12.617243 1.393341 86.10574 91.65036 56.000 118.500 

Total 314 91.79459 14.373887 .811165 90.19856 93.39061 54.500 172.500 

Ash 2.000 52 3.12269 .354584 .049172 3.02398 3.22141 2.350 4.030 

3.000 94 3.28553 .375393 .038719 3.20864 3.36242 2.290 4.260 

4.000 86 3.43360 .364197 .039272 3.35552 3.51169 2.290 4.830 

5.000 82 3.55329 .587909 .064924 3.42411 3.68247 2.770 5.680 

Total 314 3.36904 .458300 .025863 3.31816 3.41993 2.290 5.680 

Colour 
Lovibond 

2.000 52 31.23269 3.977423 .551569 30.12537 32.34001 22.700 39.300 

3.000 94 31.94787 5.149814 .531163 30.89309 33.00266 21.800 47.500 

4.000 86 32.00465 4.679163 .504567 31.00144 33.00787 18.100 42.200 

5.000 82 32.06463 5.556097 .613568 30.84383 33.28544 23.100 49.100 

Total 314 31.87548 4.947359 .279196 31.32614 32.42482 18.100 49.100 

pH 2.000 52 4.47865 .090663 .012573 4.45341 4.50389 4.220 4.660 

3.000 94 4.49404 .096211 .009923 4.47434 4.51375 4.100 4.710 

4.000 86 4.46488 .124907 .013469 4.43810 4.49166 4.160 4.760 

5.000 82 4.46927 .086905 .009597 4.45017 4.48836 4.270 4.670 

Total 314 4.47704 .102102 .005762 4.46570 4.48838 4.100 4.760 

Tannin  2.000 52 914.55106 465.599994 64.567102 784.92720 1044.17493 240.717 2090.200 

3.000 94 1335.96028 716.665670 73.918420 1189.17294 1482.74761 227.273 3634.373 

4.000 86 1047.30111 688.940719 74.290388 899.59191 1195.01030 172.581 3426.215 

5.000 82 904.08116 618.878289 68.343674 768.09869 1040.06363 170.108 3318.752 

Total 314 1074.32953 669.727099 37.794887 999.96537 1148.69369 170.108 3634.373 

Colour 
Gardner 

2.000 52 2.02115 1.214025 .168355 1.68317 2.35914 .200 4.700 

3.000 94 2.05851 1.320183 .136167 1.78811 2.32891 .100 5.100 

4.000 86 1.91395 1.206567 .130107 1.65527 2.17264 .200 5.100 

5.000 82 2.28049 1.161570 .128274 2.02526 2.53571 .200 4.800 

Total 314 2.07070 1.233389 .069604 1.93375 2.20765 .100 5.100 
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Table 8 – Appendix 3. The ANOVA test by the year (1=2013, 2=2014, 3=2014 and 4=2016). 

Table legends as in Table 5. 

The ANOVA test determines whether the means of key variables such as pH, tannin, Gardner 

index etc. of three or more treatments or groups are different. The treatments or groups 

consist of years of harvest from 2013 – 2016.  

 

ANOVA 

 Sum of Squares df Mean Square F Sig. 

Moisture Between Groups 101.467 3 33.822 24.867 .000 

Within Groups 504.610 371 1.360   

Total 606.077 374    

Optical 

Rotation 

Between Groups 381.865 3 127.288 .274 .844 

Within Groups 172196.013 371 464.140   

Total 172577.877 374    

Viscosity Between Groups 12045.229 3 4015.076 22.476 .000 

Within Groups 66273.760 371 178.635   

Total 78318.989 374    

Ash Between Groups 21.895 3 7.298 49.558 .000 

Within Groups 54.635 371 .147   

Total 76.530 374    

Colour 

Lovibond 

Between Groups 32.491 3 10.830 .450 .717 

Within Groups 8926.135 371 24.060   

Total 8958.626 374    

pH Between Groups .870 3 .290 36.839 .000 

Within Groups 2.920 371 .008   

Total 3.790 374    

Tannin Between Groups 24697431.425 3 8232477.142 21.154 .000 

Within Groups 144381379.434 371 389168.139   

Total 169078810.860 374    

Colour  

Gardner 

Between Groups 270.502 3 90.167 107.281 .000 

Within Groups 311.816 371 .840   

Total 582.318 374    
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Table 9 – Appendix 3.  The post hoc tests (Tukey) by year. Table legends as given in Table 6. 

 

Multiple Comparisons 

Tukey HSD   

Dependent Variable (I) year (J) year 
Mean 

Difference (I-J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

Moisture 

content 

1.000 2.000 -.794928* .206208 .001 -1.32709 -.26276 

3.000 -.897360* .162543 .000 -1.31684 -.47788 

4.000 -1.322520* .154957 .000 -1.72242 -.92262 

2.000 1.000 .794928* .206208 .001 .26276 1.32709 

3.000 -.102432 .207448 .960 -.63780 .43293 

4.000 -.527593* .201559 .045 -1.04776 -.00743 

3.000 1.000 .897360* .162543 .000 .47788 1.31684 

2.000 .102432 .207448 .960 -.43293 .63780 

4.000 -.425161* .156604 .035 -.82931 -.02101 

4.000 1.000 1.322520* .154957 .000 .92262 1.72242 

2.000 .527593* .201559 .045 .00743 1.04776 

3.000 .425161* .156604 .035 .02101 .82931 

Optical  

Rotation 

1.000 2.000 .688199 3.809250 .998 -9.14238 10.51878 

3.000 1.732107 3.002637 .939 -6.01684 9.48105 

4.000 -.835308 2.862495 .991 -8.22259 6.55197 

2.000 1.000 -.688199 3.809250 .998 -10.51878 9.14238 

3.000 1.043909 3.832160 .993 -8.84579 10.93361 

4.000 -1.523507 3.723372 .977 -11.13246 8.08545 

3.000 1.000 -1.732107 3.002637 .939 -9.48105 6.01684 

2.000 -1.043909 3.832160 .993 -10.93361 8.84579 

4.000 -2.567415 2.892913 .811 -10.03319 4.89836 

4.000 1.000 .835308 2.862495 .991 -6.55197 8.22259 

2.000 1.523507 3.723372 .977 -8.08545 11.13246 

3.000 2.567415 2.892913 .811 -4.89836 10.03319 

Viscosity  1.000 2.000 -9.022981* 2.363191 .001 -15.12170 -2.92427 

3.000 3.318388 1.862782 .284 -1.48892 8.12569 

4.000 9.024739* 1.775841 .000 4.44180 13.60767 

2.000 1.000 9.022981* 2.363191 .001 2.92427 15.12170 

3.000 12.341369* 2.377404 .000 6.20597 18.47676 

4.000 18.047720* 2.309914 .000 12.08650 24.00894 

3.000 1.000 -3.318388 1.862782 .284 -8.12569 1.48892 

2.000 -12.341369* 2.377404 .000 -18.47676 -6.20597 

4.000 5.706351* 1.794711 .009 1.07472 10.33798 
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4.000 1.000 -9.024739* 1.775841 .000 -13.60767 -4.44180 

2.000 -18.047720* 2.309914 .000 -24.00894 -12.08650 

3.000 -5.706351* 1.794711 .009 -10.33798 -1.07472 

Ash 1.000 2.000 .134954 .067852 .194 -.04015 .31006 

3.000 .325189* .053485 .000 .18716 .46322 

4.000 .600785* .050988 .000 .46920 .73237 

2.000 1.000 -.134954 .067852 .194 -.31006 .04015 

3.000 .190235* .068260 .029 .01407 .36640 

4.000 .465831* .066323 .000 .29467 .63699 

3.000 1.000 -.325189* .053485 .000 -.46322 -.18716 

2.000 -.190235* .068260 .029 -.36640 -.01407 

4.000 .275596* .051530 .000 .14261 .40858 

4.000 1.000 -.600785* .050988 .000 -.73237 -.46920 

2.000 -.465831* .066323 .000 -.63699 -.29467 

3.000 -.275596* .051530 .000 -.40858 -.14261 

Colour  

Lovibond 

1.000 2.000 -.924907 .867281 .710 -3.16311 1.31330 

3.000 -.544300 .683633 .856 -2.30856 1.21996 

4.000 -.279396 .651726 .974 -1.96131 1.40252 

2.000 1.000 .924907 .867281 .710 -1.31330 3.16311 

3.000 .380607 .872497 .972 -1.87106 2.63227 

4.000 .645511 .847728 .872 -1.54223 2.83325 

3.000 1.000 .544300 .683633 .856 -1.21996 2.30856 

2.000 -.380607 .872497 .972 -2.63227 1.87106 

4.000 .264904 .658651 .978 -1.43489 1.96469 

4.000 1.000 .279396 .651726 .974 -1.40252 1.96131 

2.000 -.645511 .847728 .872 -2.83325 1.54223 

3.000 -.264904 .658651 .978 -1.96469 1.43489 

pH 1.000 2.000 -.163708* .015687 .000 -.20419 -.12322 

3.000 -.057559* .012365 .000 -.08947 -.02565 

4.000 -.063452* .011788 .000 -.09387 -.03303 

2.000 1.000 .163708* .015687 .000 .12322 .20419 

3.000 .106149* .015781 .000 .06542 .14688 

4.000 .100256* .015333 .000 .06068 .13983 

3.000 1.000 .057559* .012365 .000 .02565 .08947 

2.000 -.106149* .015781 .000 -.14688 -.06542 

4.000 -.005893 .011914 .960 -.03664 .02485 

4.000 1.000 .063452* .011788 .000 .03303 .09387 

2.000 -.100256* .015333 .000 -.13983 -.06068 

3.000 .005893 .011914 .960 -.02485 .03664 
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Tannin  1.000 2.000 -828.568996* 110.302041 .000 -1113.22684 -543.91115 

3.000 -463.764221* 86.945461 .000 -688.14545 -239.38300 

4.000 -357.479639* 82.887465 .000 -571.38835 -143.57093 

2.000 1.000 828.568996* 110.302041 .000 543.91115 1113.22684 

3.000 364.804775* 110.965431 .006 78.43491 651.17464 

4.000 471.089357* 107.815331 .000 192.84900 749.32972 

3.000 1.000 463.764221* 86.945461 .000 239.38300 688.14545 

2.000 -364.804775* 110.965431 .006 -651.17464 -78.43491 

4.000 106.284582 83.768243 .583 -109.89716 322.46632 

4.000 1.000 357.479639* 82.887465 .000 143.57093 571.38835 

2.000 -471.089357* 107.815331 .000 -749.32972 -192.84900 

3.000 -106.284582 83.768243 .583 -322.46632 109.89716 

Colour  

Gardner 

1.000 2.000 1.662484* .162098 .000 1.24416 2.08081 

3.000 1.943027* .127773 .000 1.61328 2.27277 

4.000 .250360 .121810 .170 -.06400 .56472 

2.000 1.000 -1.662484* .162098 .000 -2.08081 -1.24416 

3.000 .280542 .163073 .315 -.14030 .70139 

4.000 -1.412124* .158443 .000 -1.82102 -1.00323 

3.000 1.000 -1.943027* .127773 .000 -2.27277 -1.61328 

2.000 -.280542 .163073 .315 -.70139 .14030 

4.000 -1.692667* .123104 .000 -2.01036 -1.37497 

4.000 1.000 -.250360 .121810 .170 -.56472 .06400 

2.000 1.412124* .158443 .000 1.00323 1.82102 

3.000 1.692667* .123104 .000 1.37497 2.01036 

*. The mean difference is significant at the 0.05 level. 

 

Table 10 – Appendix 3. Descriptive Statistics (by year).  
Descriptive Statistics 

 

N Minimum Maximum Mean Std. Deviation Skewness 

Statistic Statistic Statistic Statistic Statistic Statistic Std. Error 

moisture 385 7.300 13.610 10.30632 1.272999 .346 .126 

Optical rotation 385 35.000 455.000 53.23733 21.481112 17.578 .126 

Viscosity  385 54.500 172.500 90.33867 14.470973 .813 .126 

Ash 385 2.290 5.680 3.35528 .452356 1.265 .126 

Colour Lovibond 385 18.100 49.100 32.02027 4.894236 .274 .126 

pH 385 4.100 4.760 4.47725 .100670 -.177 .126 

Tannin 385 113.100 3634.373 1024.39344 672.370718 1.439 .126 

Colour Gardner 385 .100 5.500 1.97920 1.247798 .241 .126 
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Table 11 – Appendix 3. An independent sample t test by area (Areas 2 & 4).  

 
Independent Samples Test 

 

Levene's Test for 
Equality of 
Variances t-test for Equality of Means 

F Sig. t df 
Sig. (2-
tailed) 

Mean 
Difference 

Std. Error 
Difference 

95% Confidence Interval 
of the Difference 

Lower Upper 

Moisture content 
(%) 

Equal variances 
assumed 

.831 .363 -
4.787 

315 .000 -.686242 .143347 -.968280 -.404203 

Equal variances 
not assumed 

  
-

4.710 
212.372 .000 -.686242 .145708 -.973460 -.399023 

Optical rotation 
(degree) 

Equal variances 
assumed 

2.328 .128 -.657 315 .512 -1.800681 2.740861 -7.193389 3.592027 

Equal variances 
not assumed 

  
-.484 111.243 .629 -1.800681 3.717199 -9.166382 5.565020 

Viscosity 
(mPa.sec) 

Equal variances 
assumed 

.655 .419 4.311 315 .000 6.903755 1.601521 3.752724 10.054786 

Equal variances 
not assumed 

  
4.412 237.443 .000 6.903755 1.564759 3.821171 9.986339 

Ash (%) Equal variances 
assumed 

3.779 .053 4.623 315 .000 .234575 .050743 .134737 .334413 

Equal variances 
not assumed 

  
5.068 283.699 .000 .234575 .046287 .143465 .325685 

Colour Lovibond  Equal variances 
assumed 

1.298 .256 -.223 315 .824 -.133426 .598481 -1.310951 1.044100 

Equal variances 
not assumed 

  
-.219 212.322 .827 -.133426 .608387 -1.332679 1.065827 

pH Equal variances 
assumed 

3.420 .065 -.840 315 .402 -.010007 .011916 -.033453 .013439 

Equal variances 
not assumed 

  
-.878 252.008 .381 -.010007 .011395 -.032448 .012434 

Tannin (ppm) Equal variances 
assumed 

1.462 .227 1.809 315 .071 147.227475 81.399292 -
12.927547 

307.382498 

Equal variances 
not assumed 

  
1.855 238.807 .065 147.227475 79.368174 -9.123659 303.578610 

Gardner index  Equal variances 
assumed 

7.153 .008 3.768 315 .000 .525024 .139321 .250906 .799142 

Equal variances 
not assumed 

  
3.964 255.923 .000 .525024 .132464 .264167 .785882 

 

Table 12 – Appendix 3. Descriptive statistics (by area, Areas 2 & 4). 

 
Report 

Area 2 and 

Area 4 

Moisture 

content (%) 

Optical 

rotation 

(degree) 

Viscosity 

(mPa.sec) Ash (%) 

Colour 

Lovibond pH 

Tannin 

(ppm) 

Colour 

Gardner 

index 

2 Mean 10.01976 53.10386 91.71739 3.48357 31.94203 4.47527 1057.34818 2.08502 

N 207 207 207 207 207 207 207 207 

Std. 

Deviation 

1.191944 5.391029 13.916135 .468995 4.975925 .105756 708.782259 1.243046 

4 Mean 10.70600 54.90455 84.81364 3.24900 32.07545 4.48527 910.12070 1.56000 

N 110 110 110 110 110 110 110 110 

Std. 

Deviation 

1.257140 38.787737 12.900441 .344660 5.249520 .091318 652.658142 1.053104 

Total Mean 10.25789 53.72871 89.32177 3.40218 31.98833 4.47874 1006.25978 1.90284 

N 317 317 317 317 317 317 317 317 

Std. 

Deviation 

1.256327 23.208546 13.945779 .443703 5.064635 .100946 692.353342 1.205194 
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