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Abstract

This study was to compare the fatty acid composition of mare milk with cow milk in liquid, powder, cream
and oil by gas-liquid chromatography. This study was to compare the fatty acid composition of mare milk with
cow milk in liquid, powder, cream and oil by gas-liquid chromatography. These results showed that overall fatty
acid concentration of mare milk was much higher than that of cow milk, especially linoleic acid(C18:2) and
linolenic acid(C18:3). The concentrations of oleic acid, linoleic acid and linolenic acid of mare milk were higher
than those of cow milk in liquid, powder, cream and oil.
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INTRODUCTION

Fatty acids are the essential to the well-being, growth and
development of children, expecially exclusively breast-fed
infants during the fist six months of life(Glew et al., 1999).

Mare milk has interesting nutritional characteristics and is
much similar to human milk than does cow milk. Cow milk
has the relatively low levels of linoleic acid and DHA in the
milk(Glew et al., 1999) and also, the fat of normal milk
contained less stearic, lonoleic and linolenic acids than mare
milk(Csapo, 1994). The lipid fraction is rich in polyun-
saturated fatty acids and high in vitamin C content. Fat
globules of mare milk are smaller than those of human milk
in size and easier to digest than those of cow milk. Mare milk

has a low content of saturated fatty acids with a low number
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of carbon atoms and a high content of polyunsaturated fatty
acids, as human milk and opposite to cow milk. This
difference between cow and mare milk depends on their
specific physiological characteristics. In addition, mare milk is
an interesting product for low-calorie and susceptible adult
diets(Solaroli et al., 1993).

The higher unsaturation of fatty acids results in a decreased
melting point(Stoyanova, 1988). Analysis of the fatty acid
composition of butter-fat of mare milk showed that it contains
very small quantities of stearic and palmitoleic acids, and high
quantities of linolenic and linoleic acids. This could be
explained by the fact that unsaturated fatty acids are not
hydrogenated in the digestive system and horses consume a
very large amount of forage, which is rich in unsaturated fatty
acids(Csapo et al., 1994). Due to high linoleic acid(CLA)
concentration of mare milk, milk fat is an important source of
potential anticarcinogens(Jahreis, 1999).

The lipid and ascorbic acid in mare milk were remarkably
stable oxidation and physical, chemical or enzymic oxidation

of ascorbic acid or chelation of Cu resulted in increased
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oxidative stability, and so this is very useful to preserve food
stuff(Sidhu et al., 1976; Marconi et al., 1998).

The purpose of this study was to compare fatty acid
composition of mare milk with cow milk by gas-liquid

chromatography.

MATERIALS AND METHODS

Preparation of Samples

The samples for the analysis of fatty acid by gas-liquid
chromatography(HP GC 6890, Hewlett Packard Co., USA) on
mare milk skim powder, mare milk, mare oil, mare cream,
commercial cow skim powder, cow whipping cream and cow
milk were collected from Mongolia and prepared by the
method of Fig. 1.

Each sample was warmed to 37C and immediately prior to
analysis was vortexed vigorously to achieve uniformity. Cow
milk 5 mL and mare powder 1.0 g were added in 100 mL test
tubes and vortexed for 20 seconds after added 20 mf
MeOH(LC grade) and added 0.5 mL ISTD (Internal Standard)
and 0.88% 15 mL KCI. These tubes were shaked in water

Add cow liquid 5 mL & mare powder 1.0 g
in 100 mL test tubes
Add MeOH(LC grade) 20 mL
Add Chloroform(LC grade) 40 mL
Add ISTD(Internal Standard) 0.5 mL
Add KCI 0.88%(0.88g/100m! LC water) 15 mL
Pellet filtration(fast pore No. 41)
Add Chloroform Metanol slolution(C:M:20:10) 40 mL
Shaking, Filtration, Evaporation

New 100 mL test tubes with Toluene 5 mL, MeOH 10
mL and HCI 0.5 mL

50C dry oven overnight
NaCl 25 mL, Hexane 15 mL
Hexaneipoo]ing
Filtration, Evaporation
Add 2 mL hexane
GLC injectioln(l.O ng/uL)

Fig. 1. Diagram of sample preparation for the analysis of
fatty acids.
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Table 1. Operation condition of GLC for the analysis of
fatty acid

Information of gas chromatography

Initial temp : 100C

1.00 min

Oven Equilibration time : 1.00 min
Ramps : 2.5C/min, 225C/15 min

Run time: 66 min

Initial time :

Front Inlet Mode : split(split ratio 10:1)

Nominal diameter : 250 um
Nominal film thickness : 0.25 um
Initial flow : 0.9 mL/min

16.7 psi

Average velocity : 25 cm/sec

Column

Nominal init pressure :

Temperature 250C
Front Detector . .
Carrier gas : helium

bath for 30 minutes at 45C. The pellet was filtrated after
separating supernatant and fatty acid methyl esters were

extracted into hexane.

Fatty Acid Analysis

The sample was analyzed using a Hewlett-Packard gas-
liquid chromatography equipped with a flame ionization
detector. The oven temperature was programmed to increase
from 100 to 250C at a rate of 4T per min and to hold at
2507C for 18 min Column(Supelco 2-4079, Hwelett Packard
Co., USA) flow initial rate is 0.9 mL/min. Fatty acid methyl
esters were identified by comparison of their retention times
with those of internal standards(C-17, Sigma). The preparation
of fatty acid is followed by Folch's extraction method.

RESULTS AND DISCUSSION

The fatty acid composition of mare and cow milk was
summarized in Table 2. Mare cream, milk, powder and oil
had much higher in linoleic and linolenic acid than cow milk,
relatively. Mare cream was 7 times higher than cow cream in
linoleic acid and was almost 50 times in linolenic acid. These
result trends were similar to other samples in linoleic and
linolenic acid.

Fig. 6 showed mare cream was relatively high in linoleic
and linolenic acid. Also, Fig. 7 on fatty acid composition

showed that the polyunsaturated fatty acid content(C18:2 and
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Fig. 3. GC chromatogram of mare milk.
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Fig. 4. GC chromatogram of mare skim powder.
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Fig. 5. GC chromatogram of mare oil

Table 2. Comparison of free fatty acid concentration (mg/ml) in mare milk with cow milk

Carbon skeleton Cream Cream Liquid Liquid Powder Powder Oil
(mare) (cow) (mare) (cow) (mare) (cow) (mare)
C8 3.221 0.710 0.299 0 0 0 16.943
C10 12.739 1.772 1.156 0.107 0.321 0 59.851
C12 13.835 2.491 1.474 0.208 0.571 0 68.476
Cl14 14.004 6.347 1.495 0.466 0.561 0.281 68.964
Cl6 41.567 15.734 3913 1111 1.572 0.999 211.108
C18:0 2.234 6.169 0.143 0.388 0 0.454 13.851
C18:1 32.229 11.936 2.476 0.675 1.022 1.099 199.841
C18:2 14.034 2211 1.121 0.095 0.481 0.285 72.336
C18:3 49.686 0.226 4.571 0 1.182 0 256.618
C20 0 0 0 0 0 0 3452

C18:3) of mare milk and powder samples was much higher
than that of cow milk. This high variability in fatty acid
composition of mare milk is the most likely due to the greater
influence of feed stuffs in horses than in ruminants(Marconi,
1998).

As regards mono-unsaturated, mare and cow samples had a
similar content(C18:1), whereas mare milk had higher than
cow samples and other mare samples. Also, mare milk had
relatively higher in palmitic acid(C16) than cow milk.

The high content of unsaturated fatty acids allows good

digestibility. Also, unsaturated fatty acids have a good healing
properties on diseases such as arteriosclerosis, cardiovascular
disease and so on.

The comparison of the fatty acid composition of mare
milk(Fig. 8) showed 20~25% higher concentration at the 0~
45 day than cow milk in linolenic acid. A linoleic and
linolenic acids are not only a source of energy but also have
a good effect on oxygen supply. For these reasons, mare milk
is highly sensitive to preservation and transformation pro-

CCSSES.
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Fig. 6. Comparison of free fatty acid concentration
in mare cream, cow cream and mare oil
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Fig. 7. Comparison of free fatty acid concentration
in mare milk, cow milk, mare powder and
cow powder.
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Fig. 8. Fatty acid composition of mare and cow milk.

Linoleic acid and linolenic acid are essential fatty acids can
be taken from food and very important component for the low

cholesterol in blood.

ACKNOWLEDGEMENT

This research was supported by the research fund of
Ministry of Science and Technology in 2001 and 2002.

2 o
o)

ulg-o] x|uke A& 9ko] stearic acid¥} palmitoleic acidES
7FA 1 glom wiHe) W oke] linolenic acid® linolic acid
£ 7R3 ok vhaeb $R9 Ak Blwelg S W,
oleic acid (C18:1)2] <ke =jol7} giglon, Bx3l kit
431 linoleic acid9} linolenic acid-S wl-&-7} L8 H]3]
AFHo R Egton nhs A- A9 linoleic acid (C18:2)
B} 2F 7dl, linolenic acid (C18:3)& < 50u) =&
& BEASAY. vt SR AIRE 7R A3 4
ul-fe] A2 AT F 459 E<F linoleic acide}
linolenic acidg -F-#-2} W] watsl-& o -5 A FAHAL
o] A} FAERNF AT 4 = o] F AFo] oA
g, a3 FEeR we 83 AL AL & F

AATE

oo

it

REFERENCES

1. Aschraft, A. and Tyzik, W. J. (1976) Effect of diet on
volume and composition in mare's milk. (Abstract) J. Anim.
Sci. 43, 248.

2. Base, J. and Zadrazil, K. (1982) Fatty acid of milk fat in
mare's milk. Proc. XXI. Intern. Dairy Congr. 621-622.

3. Csapo-Kiss, Z., Stefler, J., Martin, T. G., Makray, S., and
Csapo, J. (1995) Composition of mares' colostrum and milk.
Protein content, amino acid composition and contents of
macro- and micro-elements. Int. Dairy J. 5, 403-415.

4. Csapo, J., Stefler, J, Martin, T. G., Makray, S., and
Csapo-Kiss, Z. (1994) Fat content; fatty acid composition
and vitamin content of mare's milk. Acta Alimentaria 23(2),
169-178.

5. Doreau, M. and Boulot, S. (1989) Recent knowledge on
mare milk production : A review. Livest. Prod. Sci. 22,
213-218.

6. Doreau, M. and Boulot, S. (1989) Methods of measurement
of milk yield and composition in nursing mares. A review.
Le Lait. 69, 159-161.

7. Forsyth, I. A., Rossdale, P. D., and Thomas, C. R. (1975)
Studies on milk composition and lactogenic hormones in the
mare. J. Reprod. Fert. 23, 631-635.

8. Glew, R. H,, Okolo, S. N., Chuang, L. T., Huang, Y. S,
and Vanderjagt, D. J. (1999) Fatty acid composition of
Fulani ‘butter oil' made from cow's milk. J Food
Composition and Analysis 12, 235-240.

9. Jahreis, G., Fritsche, J., Mockel, P., Schone, M. F., Moller,



10.

11.

12.

A Study on the Fatty Acid Composition of Mare Milk using GLC

U, and Steinhart, H. (1999) The potential anticarcinogenic
conjugated linoleic acid, cis-9, frans-11 C18:2, in milk of
different species: cow, goat, exe, sow, mare, woman.
Nutrition Res. 19(10), 1541-1549.

Kingsbury, E. T. and Gaunt, S. N. (1976) Heterogeneity in
whey proteins of mare's milk. J. Dairy Sci. 60, 274-279.

Linton, R. G. (1937) The composition of mare's milk. J
Dairy Res. 8(2), 143-172.

Marconi, E. and Panfili, G. (1998) Chemical composition
and nutritional properties of commercial products of mare
milk powder. J Food Composition and Analysis 11,
178-187.

13.

14.

15.

149

Sidhu, G. S., Brown, M. A,, and Johnson, A. R. (1976)
Autooxidation in milk rich in linoleic acid. J Dairy Res. 43,
239-250.

Solaroli, G., Pagliarini, E., and Peri, C. (1993) Composition
and nutritional quality of mare's milk. [tal. J. Food Sci. 1,
3-10.

Stoyanova, L. G., Abramova, L. A, and Ladodo, K. S.
(1988) Freeze-dried mare's milk and its potential use in

infant and dietetic food products. Voprosy Pitaniya 2, 64-67.

(2003. 2. 14. == 2003. 4. 14, s4€)



