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ABSTRACT

Commercial milk is one of the most well-known substitutes for human milk. In view of
this, we performed an in-depth examination of human milk compared with camel milk.
Results showed that human milk and camel milk have the same levels of saturated fatty
acids. Human milk contained a higher proportion of polyunsaturated fatty acids, while
camel milk had a higher content of monounsaturated fatty acids. Using UPC?/Q-TOF-
MS, 146 and 136 triacylglycerols were identified in human and camel milk, respectively.
Compared with camel milk, human milk contains more triglycerides composed of
polyunsaturated fatty acids. We identified five major types of phospholipids in human
and camel milk, with camel milk showing higher total phospholipid content than human
milk. In addition, camel milk contains more cholesterol and fat-soluble vitamins than

human milk. This study can provide a theoretical basis for improving infant formulas.
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1. Introduction

Milk fat is one of the most significant components of human milk. It accounts for
3-5% (w/w) of human milk and mainly contains triacylglycerols (TAGs; 98%, w/w),
phospholipids (0.8%, w/w), cholesterol (0.5%, w/w), and trace amounts of fat-soluble
vitamins (Jiang, Zou, Chao, & Xu, 2022b; Wei, Jin, & Wang, 2019). It not only supplies
the energy required for infant growth and development (Saarela, Kokkonen, & Koivisto,
2005), but also plays a significant role in vitamin and mineral nutrient absorption, as well
as the neural development and physiology of infants (Arab-Tehrany et al., 2012).
Although breastfeeding rates have fallen in recent years for various reasons, human milk
fat is still typical when producing human milk fat substitutes. Different fat sources are
used for infant formulas, most of which contain a mixture of vegetable oil and
commercial milk fat that aims to simulate human milk fat composition. Despite these
mixtures, the fat composition in most commercial infant formulas shows significant
differences from human milk (Sun et al., 2016; Sun, Wei, Su, Zou, & Wang, 2018). Thus,
through an in-depth study of human milk fat and commercial milk fats, alternatives to
fats in human milk can be produced similar in composition to human milk fat.

Camel milk fat contains valuable compounds like phospholipids, cholesterol, fat-
soluble vitamins, and TAGs. Phospholipids in milk are being studied for their potential
benefits on baby health and development, particularly in gut health and cognitive
development (Jiang et al., 2022a). Recently, infant formula was enhanced by adding
bovine milk fat globule membrane (MFGM) (Jaramillo-Ospina et al., 2022), which has

favourable health benefits, including promising results in neurodevelopment and



62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

infection resistance (Wei et al., 2019). Compared with human milk, camel milk was
shown to encompass higher levels of total phospholipids (Garcia et al., 2012).
Cholesterol level in human milk was comparable with that in ruminant milk, but lower in
non-ruminant milk (Gantner, Miji¢, Baban, Skrtié, & Turalija, 2015). However, several
studies have shown camel milk to inhibit the development of hypercholesterolaemia in
rats (Alabdulkarim, 2012; Meena, Rajput, Sharma, & Singh, 2019). Camel milk also
offers an excellent source of fat-soluble vitamins. Thus, it is a potential functional food
for a healthy infant diet.

TAGs are the primary component of milk fat consisting of glycerol bound to three
fatty acid (FA) molecules; therefore, their FA composition and positional distribution
represent significant factors in ensuring the healthy growth of infants (Sun et al., 2016;
2018). Unlike ruminant milk fats, camel milk fat has a lower saturated fatty acid (SFA)
level concurrent with higher monounsaturated fatty acid (MUFA) and polyunsaturated
fatty acid (PUFA) contents: low SFA content was reported to be associated with reduced
risk of heart disease (FAO/WHO, 2010). Besides FA composition, it has been shown that
the high palmitic acid content sn-2 in camel milk can positively influence the digestion
and absorption of TAGs in infants and the comfort of infants (Bakry et al., 2021a). Thus,
it can be used as a source to produce commercial infant formulas enhanced with
phospholipids, palmitic acid at the sn-2 position and fat-soluble vitamins in the future
(Bakry et al., 2021b; Wang et al., 2022).

Using different analytical techniques (GC, UPC%Q-TOF-MS, HPLC, and 3P
NMR), this study provides the first comparative compositional approach of FAs, TAGs,

phospholipids, cholesterol, and fat-soluble vitamins in human and camel milk.
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2. Materials and methods

2.1. Milk samples and chemicals

A total of 40 milk samples obtained from humans (n = 20) and camels (n = 20)
were used in this study. Human milk samples were collected from mothers over 20 years
old using a breast pump shortly after the infant was breastfed (hind milk, mature milk) at
Zagazig University Hospital, Zagazig, Egypt. All mothers were healthy, had given birth
to full-term infants, and had signed informed consent forms. The faculty Pharmacy Cairo
University Ethics Committee in Egypt approved the experiments (MP. 3186).

Camel milk samples were collected from the South Sinai station of the Desert
Research Centre in South Sinai, Egypt, from five-year-old animals, all of which were in
the stage of maturity.

Silica gel thin-layer chromatography plates and a standard mixture of 37 different
fatty acid methyl esters (FAMES) were purchased from Sigma-Aldrich Chemicals Co.
Ltd. (Shanghai, China). Ethanol, ammonia solution, diethyl ether, and petroleum ether
(>99.9%) were obtained from Sinopharm Chemical Reagent Co. Ltd. (Shanghai, China).
TAG standards, 1,3-myristin-2-olein (>99.9%), 1,3-olein-2-palmitin (>99.9%), glyceryl
trioleate (>99.9%), 1(3),2-dioleoyl-3(1)-palmitoyl-sn-glycerols (>99.9%) and 1(3)-
palmitin-2-olein-3(1)-laurin (>99.9%) were bought from Larodan Fine Chemicals AB
(Malmo, Sweden). Supercritical CO2 (>99.9%) was obtained from Wuxi Yuantong

Company (Wuxi, China). All other solvents and reagents were of chromatographic and
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analytical grade and were obtained from Sinopharm Chemical Reagent Co. Ltd.

(Shanghai, China).

2.2. Extraction of lipids and determination of milk fat content and gross energy

Fat content was measured according to AOAC guidelines (AOAC, 1990), and the
Perrin formula was used to calculate the gross energy value of milk in kJ kg,
considering a coefficient of 9.11 for fat percentage. Lipid extraction from human and
camel milk was performed using the Mojonnier method modified by Wijendran et al.

(2002).

2.3. Preparation of fatty acid methyl esters

The composition of fatty acid methyl esters (FAMES) was determined using gas
chromatography (GC). A fat sample (10 mg) was dissolved in 700 uLL hexane and 125 pL
KOH-CH3OH (2 mol L) and mixed for 5 min. Then, 25 uL saturated sodium methoxide
were added to the mixture and mixed for 1 min. After being set aside for 1 min, the upper
liquid was obtained and passed through a 0.22-um filter for GC (Agilent 7820A,
California, USA) equipped with a hydrogen flame ionisation detector (FID). FAs were
separated on an ionic liquid capillary column (Trace TRFAME, 60 m x 0.25 mm x 0.25
m, Thermo Fisher, USA) with a nitrogen flow rate of 1.2 mL min, an injector
temperature of 250 °C, FID temperature of 250 °C, and a split ratio of 1:100; detector gas

30 mL min hydrogen; 400 mL min air and 25 mL min™* nitrogen. The initial column
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temperature was held at 60 °C for 3 min, then increased to 175 °C at a rate of 5 °C min™,
then held at 175 °C for 15 min, and finally raised to 220 °C at a rate of 2 °C min'* and
held at 220 °C for 10 min. The FAs in human and camel milk were identified by

comparing the retention durations of GC peaks with recognised standards.

2.4. Determination of sn-2 fatty acids

The positional distribution of FAs in human and camel milk was determined using
pancreatic lipase catalysis (Luddy, Barford, Herb, Magidman, & Riemenschneider, 1964).
A sample of 0.1 g of each milk was mixed with tris buffer (pH 7.5, 7 mL), 0.7 mL CaCl:
(2.2%, wiv), 1.75 mL bile salts (0.05%, w/v), and 30 mg of pancreatic lipase enzyme.

The mixture was incubated at 40 °C for 3 min with vigorous mixing, then cooled to room
temperature. Two millilitres of diethyl ether were added, and the mixture was centrifuged
at 2268 x g for 5 min. The top layer was collected and dried using N2 gas to a volume of
500 pL. TLC plates were used to extract and separate the concentrated products for 60—
70 min using a solvent system of diethyl ether/acetic acid/hexane (50:1:50, by vol). UV
lighting was used to identify and scrape out bands corresponding to sn-2

monoacylglycerol (2-MAG), and the structures of FAs were examined using GC.

2.5. Calculation of healthy fat in milk
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The FA profile was used to determine several nutritional parameters of human and
camel milk fat: formulas for calculating the atherogenic (Al) and thrombogenic (TI)
indices were proposed by Ulbricht and Southgate, (1991):

Al = (12:0 + 4 x14:0 + 16:0) / (Y MUFA +3'n-6 +3'n-3). (1)
TI=(14:0+ 16:0 + 18:0) / ((0.5 Y MUFA + 0.5 )'n-6 + 3 Y 'n-3) +(3_n-3/) n-6)). (2

The hypocholesterolaemic/hypercholesterolaemic ratio (HH) was computed
according to Santos-Silva, Bessa, & Santos-Silva, (2002):

HH =(18:1n-9 + 18:2 n-6 + 20:4 n-6 + 18:3 n-3 + 20:5 n-3 + 22:5 n-3 + 22:6 n-3)/(14:0
+16:0). 3)

The health-promoting index (HPI1) (Chen et al., 2004) and the spread-ability index
(S1) (Timmen, 1990) were calculated as:

HPI = (Y MUFA +3'PUFA) / (12:0 + 4 x 14:0 + 16:0). (4)

SI = 18:1 n-9/16:0. (5)

2.6. Triacylglycerol composition analysis

The composition of TAGs in the fat of human and camel milk samples was
analysed using UPLC/Q-TOF-MS, as described previously (Zhang et al., 2019). Using
the ultra-performance convergence chromatography (UPC?) technique and a Xevo C2-S
Q-TOF-MS spectrometer (Waters, Milford, Massachusetts, USA), the TAGs of the milk
samples were examined. The chromatography was performed using a UPC?BEH-2-EP
column (150 mm x 3.0 mm, 1.7 m), with the pressure set at 2500 pa and temperature at

50 °C. The mobile phase (flow rate 1 mL min™t) comprised supercritical fluid CO2 (purity
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= 99.999%) and ethanol-acetonitrile (50:50, v/v). The following were the Waters Xevo

C2-S Q-TOFMS (MS; Waters) in positive ion electrospray ionisation (ESI*) mode
conditions: 3.5 kV capillary voltage; 30 eV cone voltage; 100 °C ion source temperature;
400 °C desolvation temperature; 700 L h™* desolvation gas flow; and 50 L h™* collision
gas flow. The scan range was set between 200 and 1500 m/z, with a scan time of 0.5 s and
an interval scan time of 0.02 s. The high collision energy varied between 30 and 45 eV,
and the low collision energy was set at 6 eV. The data were collected in data-dependent

acquisition (DDA) mode, and the format was in a continuum.

2.7.  Phospholipids composition analysis

The levels of phospholipids in human and camel milk samples were determined
using 3P NMR, following the method described by Wei et al. (2019). The 3P NMR
spectra were acquired at 162 MHz using a Bruker Advance 111-400 spectrometer (Bruker
BioSpin, Billerica, Massachusetts, USA). The phospholipid classes were determined by
comparing chemical shifts relative to the TPP internal standard (6 = —17.8). The data
obtained from the 3P NMR spectra were analysed using MestReNova software

(Mestrelab Research SL, Santiago de Compostela, Spain).

2.8. Determination of fat-soluble vitamins and cholesterol

Fat-soluble vitamins in milk samples were extracted according to Guneser and

Yuceer (2012). In brief, saponification was done initially by mixing 2 mL milk samples



198

199

200

201

202

203

204

205

206

207

208

209

210

211

212

213

214

215

216

217

218

219

with 2 mL methanolic KOH (50%) and vortexed for 1 min. The mixture was heat-treated
at 80 °C for 20 min, cooled to room temperature, and extracted four times with n-hexane.
The organic phase was collected and evaporated, then re-dissolved in 1 mL of
acetonitrile/methanol (85:15, v/v). According to Oh, Shin, and Chang (2001), an
unsaponifiable fraction was extracted for cholesterol extraction.

HPLC analysis was performed using Agilent1260 infinity HPLC Series, coupled
with a UV detector and fitted with a Kinetex XB-Cis column (5 pm, 4.6 X 100 mm,
Phenomenex, USA). Twenty microlitres of the extract were eluted with an isocratic
mixture of acetonitrile and methanol (75:25, v/v) for vitamin A and Dz and (70:30, v/v)
for vitamin E and cholesterol using a 1 mL min flow rate. Peaks were monitored at 325
nm for vitamin A, 292 nm for vitamin E, 205 nm for cholesterol, and 264 nm for vitamin
D2. Vitamins and cholesterol were identified by comparing their retention times with
those of authentic standards. Quantification of vitamins and cholesterol was calculated

with an external calibration curve using the Agilent software data analysis system.

2.9. Statistical analysis

All experiments were done in triplicate unless otherwise stated. The results were
presented as mean + SD. The analysis of variance (ANOVA) test was performed using
statistical analysis software (version 6.4, Costat, Monterey, California, USA). For P-
values less than 0.05, the findings were deemed statistically significant. We performed

principal component analysis (PCA) and variable importance in the projection (VIP) to

10
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assess differences between human and camel milk fat samples using the tools on the

MetaboAnalyst online software (version 5.0, https://www.metaboanalyst.ca/home.xhtml).

3. Results and discussion

3.1. Fat and cholesterol content and their nutritional value in human and camel milk

Dietary fats are essential for infants to complete many metabolic and physiological
activities required for their growth, development, and health and provide 50% of their
energy requirements (Wei et al., 2019). The results showed that camel milk exhibited
higher fat content (4%, w/w) and energy value (40%) than human milk (3%, w/w, and
33%, respectively). In addition, It has been demonstrated that camel milk exhibits faster
digestibility since its fat globules are significantly smaller than in cow milk (Garcia,
Antona, Robert, Lopez, & Armand, 2014; Lee et al., 2018), presenting an added value for
consideration to be included in infant dairy products.

Cholesterol is likewise a significant component of human milk; however, it is
present in infant formulas in very little or no form (Purkiewicz, Czaplicki, & Pietrzak-
Fie¢ko, 2022). Thus, mothers should avoid using infant formulas with reduced
cholesterol levels (Rodriguez-Saona & Allendorf, 2011). The cholesterol content of
infant formulas can be increased to resemble that of human milk using anhydrous milk fat
or cream as a source of cholesterol (Claumarchirant et al., 2015; Gallier, MacGibbon, &
McJarrow, 2018; Hageman, Danielsen, Nieuwenhuizen, Feitsma, & Dalsgaard, 2019;

Timby, Domell6f, Hernell, Lénnerdal, & Domell6f, 2014). Cholesterol was found at

11
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significantly higher levels in camel milk (25.89+ 0.06 mg dL™1) than in human milk
(10.41+ 0.71 mg dL™). The cholesterol level of human milk in this study was within the
range of previous studies (Pietrzak-Fiecko & Kamelska-Sadowska, 2020). When natural
breastfeeding is unavailable, whole camel milk may be a reliable source of native milk fat
globules (i.e., core and MFGM), another approach to boosting cholesterol content in
infant formula. It has already been demonstrated that the high quantity of cholesterol in
milk is the primary source of hormone synthesis and benefits cholesterol metabolism in
later life (Owen et al., 2008). In addition, several studies have shown that camel milk fat
inhibits the development of hypercholesterolaemia in rats (Alabdulkarim, 2012; Meena et
al., 2019). Nevertheless, the impact of camel milk cholesterol on infant health is

unknown and needs to be investigated.

3.2. Fatty acid profile in human and camel milk

As shown in Table 1, SFA level were found to be the most represented in human
and camel milk; moreover, total SFAs level was not significantly different between
human and camel milk (Fig. 1A). In addition, both types showed the same levels of short-
chain FAs (C4-C9) <1%, which is in line with results reported by Wang et al. (2022) and
Zou et al. (2013b). Overall, human milk and commercial infant formulas contain trace
amounts of short-chain FAs (<1%) (Sun et al., 2016). It is well-known that medium-chain
FAs are often used in formulas for preterm newborns (Sun et al., 2018). Nevertheless,
due to the possible adverse effects of lauric (12:0) and myristic (14:0) acids on serum

cholesterol and lipoprotein concentrations, it is advised that the sum of lauric (12:0) and

12
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myristic (14:0) acids should not exceed 20% of total fat contents (Koletzko et al., 2005).
Medium-chain FAs were higher in human milk than camel milk due to their richness in
lauric acid (12:0, 18.74% of total SFAS). In addition, human milk contained more
myristic acid (14:0) than camel milk (P <0.05). Palmitic acid (C16:0) is the most
common long-chain SFA in human and camel milk, accounting for more than 45% of
total SFA,; there was no significant difference between human and camel milk. In
contrast, camel milk was richer in long-chain FA than human milk, attributed to the
higher content of stearic (18:0) and arachidic (20:0) acids in camel milk.

The MUFA level in camel milk was significantly higher than that in human milk,
owing to higher palmitoleic (16:1 n-7) and oleic (18:1 n-9) acids. Similar findings were
reported by Zou et al. (2013a). Yet, one characteristic that sets camel milk apart is its
high concentration of MUFA level represented by palmitoleic (16:1 n-7) and oleic acids
(18:1 n-9). Diets high in MUFA levels reduce plasma cholesterol, low-density lipoprotein
cholesterol, and triacylglycerol levels (Sheashea, Xiao, & Farag, 2021). Oleic acid
provides energy and reduces the melting point of TAGs, making them more pliable and
conducive to transporting and metabolising MFGs (Sun et al., 2016).

Among the minor MUFA observed in this study, small amounts of erucic (22:1 n-9)
and nervonic (24:1 n-9) acids were observed, in agreement with Zou et al. (2013a). The
percentage of erucic acid (22:1 n-9) in human milk (0.12%) was more significant than in
camel milk (0.07%). Several studies reported that nervonic acid plays a significant role in
the formation and development of the central nervous system (Amminger et al., 2012; Yu

et al., 2019). In this study, human milk has trace amounts of nervonic acid (24:1 n-9,

13
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0.07%), found almost absent in camel milk, which is consistent with the findings by Zou
et al. (2013b).

PUFAs are one of the distinguishing features of human milk, reported as an
essential factor for infants' growth and development. GC analysis detected 11 and 7
PUFAs in human and camel milk, respectively (Table 1). The percentage of PUFAS in
human milk was 4-fold higher than in camel milk and 7-fold more significant than in cow
milk (Yang, Zheng, Wang, & Yang, 2018; Zou et al., 2013b). The total n-6 FA was
higher in human milk than in camel milk, attributed to enriched linoleic acid
(C18:2) levels in human milk compared with camel milk. However, the latter still had a
higher linoleic acid (C18:2) level than cow milk, detected at 1.12% (Zou et al., 2013Db).
Linoleic acid (C18:2) is essential in the first two years of life (Aranceta & Pérez-Rodrigo,
2012). However, to meet the needs of the infant diet in long-chain n-3 PUFAs, reducing
the amount of linoleic acid (C18:2) in infant formulas (Sun et al., 2018).

The proportion of a-linolenic acids (18:3n-3) in camel milk (1.2 + 0.84%) was
higher than that in human milk (0.86 + 0.73%), which is consistent with previous studies
(Teng, Wang, Yang, Ma, & Day, 2017; Zou et al., 2013b). As a result, camel milk may
be considered a reliable source of a-linolenic acids (18:3n-3). Regarding minor PUFA,
docosahexaenoic (22:6n-3) and arachidonic (20:4n-6) acids were lower than those in
human milk. Overall, milk fat and plant oils contain trace levels of long-chain-PUFA
(0.02%) (Ceballos et al., 2009; Zambiazi, Przybylski, Zambiazi, & Mendonca, 2007). As
a result, fish oil or microbial oils are commonly included in formulas as a supplement to
raise long-chain PUFA levels, particularly docosahexaenoic (22:6n-3) and arachidonic

(20:4n-6) acids.
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Regarding linoleic acid/a-linolenic acids and n-6/n-3 ratio, the balance between
them is of immense importance for infant development. A previous study by Bakry et al.
(2021a) found a positive relationship between linoleic acid/a-linolenic acid ratio values
and n-6/n-3 ratio, where a high linoleic acid/a-linolenic acids ratio value was linked to an
increase in the n-6/n-3 ratio, human milk showed significantly higher levels of linoleic
acid/a-linolenic acids and n-6/n-3 ratio than camel milk. It is advised that the linoleic
acid/a-linolenic acids ratio should be between 5:1 and 15:1 due to the competition
between linoleic and a-linolenic acids for the same desaturation and elongation enzymes
(Koletzko et al., 2005). The human milk sample surpassed this limitation (the value
reached a 19: 0.86 ratio), whereas the opposite pattern was observed in the case of camel
milk. The sum n-6/n-3 FA balance is more important than the absolute intake of each
essential FA (Wu, Lau, Chen, Wu, & Tang, 2010). The sum of n-6/n-3 FAs in camel milk
(2.83£0.25%) was lower than that in human milk (15.66+3.09%), and the milk of other
ruminants (Teng et al., 2017; Yang et al., 2018). Excessive n-6 PUFA and n-6/n-3 ratio
intake, as found in today's diets, have been related to the pathogenesis of many diseases,
including cardiovascular disease, cancer, inflammatory and autoimmune diseases
(Mariamenatu & Abdu, 2021; Simopoulos, 2008). On the other hand, increasing n-3
PUFA intake (i.e., a lower n-6/n-3 ratio) has been shown to reduce the risk of many
chronic diseases (Simopoulos, 2008), which presents an added value of camel milk
among ruminants.

Fig. 2 shows the PCA and VIP of total FAs in human and camel milk. The PCA
score plot was used to examine the variations in total FAs in human and camel milk

samples in an untargeted manner (Fig. 2A). The first and second principal components

15



334

335

336

337

338

339

340

341

342

343

344

345

346

347

348

349

350

351

352

353

354

355

356

accounted for 89.5% of the total variance in the data that resulted in the segregation of
human and camel milk into two groups. This result shows that the overall FA content of
the human milk samples differs from that of the camel milk samples. The PCA score plot
(Fig. 2A) also demonstrates that the dispersion of the first principal (PC1) component
accounted for 70.5%, indicating that FAs composition of mothers differed significantly
among individuals. Other principal components, on the other hand, account for a lesser
amount of variance in camel milk samples (PC2, 18.9%). This finding was further
supported by VIP analysis of the FAs that contributed most significantly to the separation
of the human and camel milk groups. The following FAs with VIP scores >1.2 were
selected (Fig. 2C): 16:1, 18:0, 14:1, 15:0, C18:1c, and 17:1 in the camel milk group were
considerably greater than in the human milk group, whereas FAs 12:0, 22:6, 20:4, 20:3,
20:2, and 17:1 showed opposite pattern. This is in line with the findings reported by

Wang et al. (2022).

3.3. Patterns of fatty acids distribution in human and camel milk

The positional distribution of FAs plays an essential role in the digestion,
absorption, and metabolism of milk fat (Zhao et al., 2018). As shown in Table 1, sn-2
FAs composition of human and camel milk were analysed and compared. The content of
SFA and PUFA at the sn-2 position in human milk was higher than that of camel milk,
whereas the content of MUFA in camel milk was threefold that of human milk. This
result is consistent with a previous study (Zou et al., 2013a). Notably, FAs with carbon

chain lengths from 6 to 11 were not discovered in the sn-2 positions in human and camel
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milk. Furthermore, Sun et al. (2018) discovered that although relative pentadecanoic acid
(15:0) at the sn-2 position did not follow the same trend, the proportion of relative SFAs
at the position increased as the carbon chain increased from 8 to 16 carbons. Similar
findings were found in our study (8:0 to 16:0) (Table 1).

Palmitic acid (16:0) at the sn-2 position is often easily absorbed, which helps to
reduce gastrointestinal inflammation, colic, and infant crying (Mehrotra, Sehgal, &
Bangale, 2019). It has also been linked to more significant fat and calcium absorption,
intestinal comfort, and the growth of intestinal flora (Bar-Yoseph, Lifshitz, & Cohen,
2013; Miles & Calder, 2017). In a clinical study, they discovered that, after six weeks of
feeding, infants fed formulas containing 16:0 had more significant levels of Lactobacilli
and Bifidobacterium than infants fed a control formula with 16:0 made from regular
vegetable oils (Yaron et al., 2013). In this study, palmitic acid (16:0) constituted the
majority of SFA at the sn-2 position and was significantly higher in human milk (48.8%)
than in camel milk (36.3%). However, its content in camel milk was still higher than in
cow milk (Zou et al., 2013a). According to Zou et al. (2013a), human milk and
commercial milk fats have significant levels of relative palmitic acid (16:0) at the sn-2
position (>50% versus >30%). In contrast, infant formula made from vegetable oils
encompassed far lower quantities (<10%) (Martinez-Force, Ruiz-L6pez, & Garcés, 2004).
Thus, this study suggests that CM can be used as a fat milk source to produce commercial
infant formula enhanced with palmitic acid (16:0) at the sn-2 position.

Compared with human milk, camel milk had significantly higher levels of MUFA
and oleic acid at the sn-2 position, consistent with the results of Zou et al. (2013).

Nevertheless, other commercial milk fats contain a low level of sn-2 oleic acid (Karrar et
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al., 2022a,b; Zou et al., 2013a). The sn-2 PUFA content was found to be higher in human
milk (13.48%) than in camel milk (4.23%); at the same time, the X n-6 PUFA content
was significantly higher (P <0.05). This could be attributed to the higher linoleic levels in
human milk than camel milk. At the same time, the opposite pattern was observed for sn-
2 PUFA n-3 content. These findings showed that although the significant FA profiles of
human and camel milk were comparable, there were still substantial discrepancies in the
minor FAs between human and camel milk. However, modifying these fats to make them
useful as raw materials for infant formula production may be economically feasible. One
approach is blending minor FAs and PUFA-enriched fats and 1,3-dioleoyl-2-
palmitoylglycerol (O-P-O)-enriched fats based on the corresponding chemical
compositions of human milk. Therefore, further studies are needed to understand its
action mechanism in infants fully. The PCA and VIP of sn-2 FAs (Fig. 2B,D) follow the

same explanation for the difference in composition of human and camel milk total FAs.

3.4. Indicators of fat quality in human and camel milk

Considering that determination of the nutritional value of milk fat from the content
of individual FAs is challenging, different ratios or indicators (e.g., health indicators)
have been proposed by Wahle and Heys (2002). Health indicators of foods are measured
by a variety of factors, including PUFA n-6/n-3 ratios, hypocholesterolaemic/
hypercholaesterolemic FA contents, and Al and T1 indices (Attia, Al-Harthi, Korish, &
Shiboob, 2017). According to the calculated lipid quality indices, HH and Al were higher

in human milk, with 1.36 + 0.62% and 0.74 + 0.22%, respectively. Camel milk exhibited
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higher TI, HPI, and SI, with 2.05 + 0.04%, 0.83+0.01%, and 1.29 + 0.01%, respectively
(Fig. 3). Milk fat with high HPI and HH index ratios may protect against cardiovascular
diseases (Rafiee-Yarandi Ghorbani, Alikhani, Sadeghi-Sefidmazgi, & Drackley, 2016).
In our study, camel milk had a lower Al index than human milk. The results for
human milk were in line with results from a previous study on human and mammalian
milk (Pietrzak-Fiecko & Kamelska-Sadowska, 2020). According to a previous study
(Paszczyk, Tonska, & Luczynska, 2019), the higher Al level in food components, the
higher the potential for Al. Thus, the low Al indicates camel milk and its products could
protect against coronary heart diseases. T indicators are among the health indicators for
milk fat; human milk contained lower T1 level indicators compared with camel milk;
however, the content of TI indicators in camel milk is still lower than that of cow milk
(3.59%) (Paszczyk et al., 2019), which suggests that camel milk is among the best
nutritious sources for people at risk of cardiovascular diseases. As a result, the evaluation

of health indicators of milk fat may outperform measuring individual FAs alone.

3.5. Triacylglycerol characteristics of human and camel milk

TAG composition is the ideal criterion for assessing human milk substitutes, as
TAG represents 98% (w/w) of human milk. Recently, UPC? method combined with Q-
TOF-MS has been developed as a potential analytical technique due to its high
performance, which includes good separation, efficiency, low cost, and environmental
friendliness (Zhang et al., 2019). A total of 146 and 136 TAGs identified in human and

camel milk, respectively, are presented in Supplementary material Table S1. To our
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knowledge, this is the first study to employ UPC2/Q-TOF-MS technology to investigate
the characteristics of human and camel milk TAGs. The acyl carbon number and double
bonds (CN:DB) were used to elute TAGs on the BEH-2-EP column (Tu, Ma, Bai, & Du,
2017). Fig. 4 shows the total ion chromatograms of TAGs in human and camel milk. The
main TAGs in human milk were 52:2, 50:1, and 52:3, with corresponding relative
abundances of 14.67, 13.09, and 9.06%, respectively. On the other hand, TAG 48:1, 50:1,
and 50:2 made up most of the camel milk, accounting for 11.2, 10.3, and 8.34%,
respectively.

Camel milk contained higher SFA TAGs than human milk due to its higher
CN:DB, 46:0, and 48:0 levels when compared with human milk (Fig. 5). TAG C34-C44
were not detected in human and camel milk attributed to the reduced content of caprylic
and capric acids. Conversely, we observed a prominent level of C46-C52 TAG in human
and camel milk. Camel milk had more significant MUFA TAGs than human milk
because of the high CN:DB 48:1, 46:1, and 52:1 content compared with human milk. In
contrast, it was observed that PUFA TAGs in human milk encompassed a significantly
higher level than in camel milk.

Human milk TAGs had CN of 36 to 54 and DB of 0 to 6 (Fig. 6). The range was
similar to previous studies (Yuan et al., 2019; Zhang, Wei, Tao, Jin, & Wang, 2021). On
the other hand, camel milk TAGs had CN ranging from 34 to 54 and DB of 0 to 4, with
CN 48 being the most abundant TAG. These results were comparable with those
previously reported (Bakry et al., 2020; Karrar et al., 2022). It was observed that O—O—M,
M-P-Ed, and S—Po—Po (CN:DB, 50:2) TAG molecular species were the prominent

PUFA TAGs in camel milk with a relative abundance of 8.34 %, whereas S—L—P, O—P-0,
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and Ed-P-P (CN:DB, 52:2) TAG lipid species were the primary PUFA TAGs in human
milk samples with a relative content of 14.67% (Fig. 6). PUFAs, O—P-0, and other minor
lipids can be added to mammalian milk fat to improve its likeness to human milk based
on the chemical makeup of FA profiling in human milk (Ten-Doménech et al., 2015; Zou
etal., 2013Db).

TAGs esterified with palmitic acid were discovered to be the most prevalent in
human milk, accounting for up to 68.15% (Table 2) of the total 66 TAGs. The UPS-type
TAGs (TAGs comprising palmitic acid, one unsaturated fatty acid, and one saturated
fatty acid) were the majority in human and camel milk. UPS-type TAGs were found in
greater abundance in camel milk than human milk due to the greater concentrations of O—
P—M and O—P-P type TAGs in camel milk. These findings corroborate a previous study
by Zou et al. (2013b). In addaition, SPS type TAGs (TAGs containing palmitic acid and
two saturated fatty acids) Level in camel milk were significantly higher than in human
milk. UPU-type TAGs (TAGs combining palmitic acid and two unsaturated fatty acids)
were more abundant in human milk than camel milk because O—-P-O and O-P-L type

TAGs were higher in human milk.

3.6.  Phospholipid classes and levels in human and camel milk

Glycerophospholipids and sphingolipids were quantitatively essential in milk, with
potential emulsifying properties and considerable health effects (Contarini & Povolo,
2013). As beneficial lipid molecules for infant health, phospholipids in human milk are

attracting more attention (Nilsson Duan, & Ohlsson, 2021), particularly for cognitive
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development (Jiang et al., 2022a). When human milk is unavailable or insufficient, infant
formulas based on vegetable oils as the primary source of lipids or not enriched with
MFGM typically contain a limited amount of phospholipids, primarily derived from soy
or sunflower lecithin used as an emulsifier (Gallier et al., 2018; Hageman et al., 2019).
Thus, infant formula fortified with mammalian milk supplements is the best option.
Using 3P NMR, the absolute content of phospholipids in human and camel milk
was determined. Five major types of phospholipids, phosphatidylethanolamine (PE),
phosphatidylcholine (PC), sphingomyelin (SM), phosphatidylinositol (P1), and
phosphatidylglycerol (PS), were found in human and camel milk (Table 3). Total
phospholipid content was found to be higher in camel milk (9.09 mg 100 mL™) than in
human milk (3.42 mg 100 mLt), which is consistent with previous results (Garcia et al.,
2012). In agreement with previous studies (Garcia et al., 2012; Wei et al., 2022), SM is
the most abundant phospholipid type in human milk (1.09+0.34 mg 100 mL), while PE
was the most abundant in camel milk (2.19+0.65 mg 100 mL™). However, camel milk
had significantly higher SM content than human milk. From a nutritional point of view, it
has been recommended that breastfed newborns consume between 50 to 150 mg day™* of
SM, due to the relevance of SM to infant health (Motouri et al., 2003). However, Garcia
et al. (2012) discovered that camel milk might substitute human milk by giving infants
the same amount of SM. Compared with the other phospholipids in this study, camel milk
had greater PI, PS, PE, and PE concentrations than human milk. Therefore, camel milk
extracts, rich in dietary phospholipids (PI, PS, SM, PC, and PE), may be used to create a

commercial infant formula that is both healthful and inexpensive.
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3.7. The content of fat-soluble vitamins in human and camel milk

Although found in lesser amounts, fat-soluble vitamins are vital for an infant's
development, reproduction, and health. To our knowledge, this is the first study
comparing fat-soluble vitamin levels between human and camel milk. The usual practice
in various countries is to fortify dairy products with vitamin A to enhance their nutritional
status, especially in children's nutrition (Miller & Welch, 2013). Vitamin A plays a
myriad of physiological activities inside an infant's body; its deficiency or excess in
human milk may have negative consequences for the health of infants (Haskell & Brown,
1999). In this study, camel milk was found to have higher levels of vitamin A (44.7+ 0.19
g 100 g*) than human milk (28.35 + 3.19 pg 100 g ). Previous studies have indicated
that the content of human milk (107-647 pg L) is equivalent to that of camel milk
(Butte, Calloway, & Van Duzen, 1981), while camel milk has more significant levels of
vitamin A than cow milk (Sboui, Xiao, & Farag, 2016). As a result, camel milk can be
regarded as a rich source of vitamin A, especially for children's nutrition.

Vitamin D plays a vital role in human nutrition; it helps in the digestion of
essential minerals (calcium, magnesium, phosphorous) as well as trace elements (iron and
zinc) in the intestine (Faye, Konuspayeva, & Bengoumi, 2019), in addition to its anti-
cancer, anti-allergic, and immunosuppressive effects (Polzonetti, Polzonetti, Pucciarelli,
Vincenzetti, & Polidori, 2020; Vici, Camilletti, & Polzonetti, 2020). Vitamin D content in
camel milk (0.033+0.02 mg 100 g) was higher than in human milk (0.008+2.2 mg 100
g1). Human milk has a relatively low level of vitamin D and in accordance with a

previous study (Wijesinha-Bettoni & Burlingame, 2013). Thus, this milk can provide a
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160 % supply of the RDI for vitamin D (5 pg day™*) (Muehlhoff, Bennett, & McMahon,
2013).

Other major health-promoting vitamins, i.e., antioxidants, found in milk include
fat-soluble vitamins such as vitamin E (Rafeeq et al., 2020) as a powerful antioxidant that
protects cell membranes from oxidation (Lima, Dimenstein, & Ribeiro, 2014). Camel
milk had higher vitamin E levels (31.35+0.02 mg 100 g*) than human milk (23.83+2.03
mg 100 g), attributed to its higher a-tocopherol content than human milk. The discovery
of increased amounts of a-tocopherol in camel milk may benefit human nutrition because
it can further help maintain PUFAs, lower cholesterol oxidation, and consequently,
cytotoxicity and atherosclerosis (Kumar & Singhal, 1991). Its consumption may also
protect against cardiovascular diseases (Meydani, 2000) and cancer (Negri et al., 1996),

presenting an added value.

4. Conclusions

Human milk is the ideal food for infants, when it is not available, infant formula is
an effective alternative for infant feeding. Compared with human milk, camel milk has
the same levels of SFAs, with a proportion of short-chain FAs being less than 1%, while
not detected at sn-2 positions. Moreover, palmitic and oleic acids were the most abundant
SFAs and MUFAs, respectively. The ratio of PUFAs and linoleic acid/a-linolenic acids
was significantly higher in human milk than in camel milk. In contrast, the opposite
pattern was observed for MUFA and PUFA n-3 content. PCA and VIP results showed

significant variations between the total and sn-2 FAs in human and camel milk. In human
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and camel milk, 146 and 136 TAGsS, respectively, were identified. TAG containing
palmitic acid was the most abundant component of human milk. The content of O-P-O
and O—P—L in camel milk was lower than in human milk, while the content of O—P—P and
P—O-M was the opposite. Five major types of phospholipids (PE, PC, SM, PS, and PI)
are found in human and camel milk, with camel milk showing higher total phospholipid
content than human milk; moreover, it is higher in cholesterol and fat-soluble vitamins
than human milk. Thus, these findings can formulate an innovative infant formula by
partially or wholly adding camel milk with other sources, especially in countries where
camel milk is prevalent. We acknowledge the limited sampling size in this study and
shall consider analysing camel milk from other resources in the future for results to be

conclusive.
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Table 1

The total and sn-2 fatty acid (FA) concentrations (%) of human and camel milk. 2

Fatty acid Human milk Camel milk

Total FAs sn-2 FAs Total FAs sn-2 FAs
6:0 ND ND 0.01+0.01 ND
8:0 ND ND 0.2+0.01 ND
9:0 0.44+0.28 ND ND ND
10:0 2.04+0.72 ND 0.07+0.04° ND
11:0 0.15+0.09 ND ND ND
12:0 9.85+3.052 8.07+1.01~ 1.06+0.27° 0.31+0.058
13:0 0.09+0.04° 0.74+1.89 0.42+0.292 ND
14:0 10.23+2.62 14.58+2.03A 7.72+0.06° 8.55+1.328
15:0 0.24+0.06° 0.63+0.258 2.07+0.222 2.80+0.39°
16:0 23.65+2.452 48.80+3.66" 23.96+0.328 36.30+1.448
17:0 0.25+0.06° 0.28+0.098 1.4+0.542 0.89+0.094
18:0 5.01+0.7° 2.42+0.668 14.46+0.128 7.42+2.08A
20:0 0.1+0.09° 0.84+0.79 1.2+0.842 ND
22:0 0.19+0.052 0.31+0.18 0.07+0.69° ND
23:0 0.24+0.272 0.74+0.74 0.12+0.13° ND
YSFA 52.24+5.672 77.41+5.6” 52.41+1.428 56.28+2.71B
14:1 n-5 0.14+0.05° 0.04+0.01B 1.01+0.75? 1.1+0.03~
15:1 0.06+0.01 0.27+0.378 ND 1.79+0.9~
16:1 n-7 1.65+0.05P 0.94+0.718 7.91+0.622 6.98+0.8~
17:1n-7 0.12+0.05° 0.10+0.048 0.95+0.012 0.88+0.1A
18:1 n-9 23.64+2.68° 9.10+3.38 30.98+0.45? 29.70+2.157
20:1 n-9 0.25+0.07° 0.19+0.09 0.33+0.232 ND
22:1n-9 0.12+0.09° 0.28+0.14 0.07+0.04° ND
24:1 n-9 0.07+0.02 ND ND ND
SMUFA 26.05+3.08° 10.89+3.708 41.25+2.532 40.47+4.06"
18:2 n-6 18.79+3.352 10+1.752 3.52+1. 3P 3.07+1B
18:3 n-6 0.17+0.14° 0.47+0.42 0.63+0.5? ND
20:2 n-6 0.37+0.08 0.2+0.03 ND ND
20:3 n-6 0.41+0.11 0.22+0.1 ND ND
20:4 n-6 0.41+0.22 0.54+0.25 0.01+0.01° ND
22:4 n-6 0.09+0.042 0.25+0.19 0.03+0.02° ND
22:5n-6 0.06+0.04 0.06+0.03 ND ND
> n-6 20.64+4.032 12.16+2.7A 4.19+2.01° 3.07+1B
18:3n-3 0.6+0.33° 0.39+0.48 1.2+0. 482 1.16+1.754
20:5n-3 0.07+0.02 0.09+0.05 ND ND
22:5n-3 0.11+0.04 0.55+0.32 0.15+0.12 ND
22:6 n-3 0.38+0.122 0.64+0.2 0.01+0.01° ND
¥ n-3 1.34+2.83? 0.81+0.68 1.38+0.97° 1.16+1.752
SPUFA 21.8245.062 13.48+3.08% 5.57+2.24° 4.23+2.088
n-6/ n-3 15.66+3.092 ND 2.83+0.25° ND
>n LA/ALA 22.02+3.452 ND 2.8+0.15° ND

@ Abbreviations are: SFAs, saturated fatty acids; MUFASs, monounsaturated fatty acids; PUFAS,

polyunsaturated fatty acids; £n LA/ALA linoleic acid/linolenic acid; ND, not detected; Values are the

mean + SD (n = 3); means with different superscript letters in a row differ significantly (P <0.05).



Table 2

Triacylglycerols (TAGS) containing palmitic acid in human and camel milk. 2

Triacylglycerol Human milk ~ Camel milk

UPU type TAGs 17.8+5.44? 10.68+0.29°
UPS type TAGs 36.68+4.37° 38.91+1.322
SPS type TAGs 13.6745.13° 17.56+0.172
TAGs containing palmitic acid 68.15+7.23%  67.15+1.79°

& Abbreviations are: UPU type TAGs, TAGs containing palmitic acid and two
unsaturated fatty acids; UPS type TAGs, TAGs containing palmitic acid, one unsaturated
fatty acid, and one saturated fatty acid; SPS type TAGs, TAGs containing palmitic acid
and two saturated fatty acids. Values are the mean £ SD (n = 3); means in a row differ

with different superscript letters significantly (P <0.05).



Table 3

Concentrations of different phospholipids (mg 100 mL™) of human and camel milk. 2

PL class Human milk Camel milk
PE 0.85+0.86° 3.68+0.74 2
SM 1.09+0.34° 2.19+0.652
PS 0.36+0.30 0.37+0.19

Pl 0.13+0.15° 0.37+0.19 2
PC 0.97+0.75° 2.46+0.142
Total 3.42+1.85" 9.09+1.232

& Abbreviations are: PL, phospholipid; PC, phosphatidylcholine; PE,
phosphatidylethanolamine; PI, phosphatidylinositol; PS, phosphatidylglycerol; SM,
sphingomyelin. Values are the mean + SD (n = 3); means in a row with different

superscript letters differ significantly (P <0.05).



Table 4
Comparison of fat-soluble vitamins E and D (mg 100 g*) and A (ug 100g™%) in human

and camel milk.

Vitamin Human milk Camel milk
y-Tocopherol 7.21 +1.022 6.11+0.01°

a-Tocopherol 16.62+1.53" 25.24+0.012
Total Vitamin E 23.83+2.03° 31.35+0.02°
Vitamin A 28.35+3.19° 44.7+0.19%
Vitamin D 0.0084+2.2° 0.033+0.022

& Values are the mean £ SD (n = 3); means in a row with different superscript letters differ

significantly (P <0.05).



Figure legends

Fig 1. Total (A) and sn-2 fatty acid (B) distributions in human (H) and camel () milk: SFAs,
saturated fatty acids; MUFAs, monounsaturated fatty acids; PUFAs, polyunsaturated fatty acids.
Results represent the mean + SD (indicated by vertical error bars), n = 3; columns bearing

different letters indicate statistical differences (P <0.05) between human and camel milk.

Fig 2. Results of principal component analysis of the (A) total and (B) sn-2 fatty acids in human
(O) and camel (O) milk. Variable importance in the projection of (C) total, and (D) sn-2 fatty

acids from human and camel milk.

Fig 3. Comparison of individual lipid quality indices of human () and camel () milk:

HH, hypocholesterolemic/hypercholesterolaemic ratio; Al, atherogenic indices; Tl,
thrombogenic indices; HPI, health-promoting index; Sl, spreadability index. Results represent
the mean + SD (indicated by vertical error bars), n = 3; columns bearing different letters indicate

statistical differences (P <0.05) between human milk fat and camel milk.

Fig 4. Chromatograms of triacylglycerols in human (A) and camel (B) milk fat were detected
using UPC?/Q-TOF-MS in positive ion mode with supercritical carbon dioxide as a mobile

phase.

Fig 5. Saturation distribution of saturated, monounsaturated and polyunsaturated triacylglycerols

(TAGS) in human (H) and camel () milk. Results represent mean + SD (indicated by vertical



error bars), n = 3; columns bearing different letters indicate statistical differences (P <0.05)

between human and camel milk.

Fig 6. Distribution based on CN: DB (carbon number: number of double bonds) of
triacylglycerols in human () and camel () milk: A, saturated TAGSs; B, monounsaturated
TAGs; C, polyunsaturated TAGs. Values are the mean £ SD (n = 3); within each panel (A-C),
columns bearing different letters indicate statistical differences (P <0.05) between human and

camel milk.
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