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ABSTRACT

Goat and camel milk fat were fractionated into
liquid and solid fractions by crystallization at 15,
25 for goat and 30, 40°C for camel milk fat. Fatty
~ acid profile and functional properties (slip melting

‘point, specific gravity, refractive index, choles-

terol content, ‘iodine value, and yield) were ana-
. lysed for original butter oil and obtained fractions.
Stability of fat to oxidation during induction &
dcceleration periods using TBA and polymor-
phism using x-ray diffraction pattern were also
chatacterized. Fatty acid profile of camel milk fat
"indicated lower values of total short chain (TSC)

and higher values of total long chain (TLC) and
. Unsaturated fatty acids (USFA) compared to goat

thilk fat. The short chain and unsaturated fatty
dcids migrate to the liquid fractions being higher
at lower fractionation temperature whereas, long
chain saturated fatty acids concentrated in solid

fractions being increased with increasing the frac-

tionation temperature. Slip melting points were
statistically significantly differed among all frac-
tions being higher in camel fractions. Goat milk
fat fractions showed higher specific gravity, with
lower refractive index, cholesterol content and
" iodine values compared to camel fat being lowest
in solid fractions. Camel milk fat and its fractions
were highly stable against oxidation (up to 20
days) and longer shelf-life especially its solid frac-
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* tions, as compared to goat fat. The liquid fractions

of both goat and camel fat exhibited lower stabil--
ity to oxidation (higher TBA) than their butter oil
or solid fractions. The X-ray diffraction pattern of
camel milk fat fractions showed different peaks
compared to goat fat fractions. Liquid fractions of
camel fat showed both B and B' polymorphs while
liquid goat fat fractions showed only B polymorph.
The magnitude of X-ray diffraction peaks in-
creased with increasing the fraction melting point
being more pronounced in camel fractions which
indicate higher crystallization and stability of
camel fat.

INTRODUCTION

Milk fat is a very complex mixture containing
more than 473 fatty acids, having wide melting
range from -40°C to 40°C (Boudreau and Atul,
1993). This heterogeneity can be used to the ad-
vantages of dairy industry to separate out these
different melting components into fractions that
are more functional in food as individual fractions
than as intact milk fat, Nevertheless, milk fat has
several undesirable attributes that limit its uses
and thus have caused a world wide surplus of this
important food ingredient. Among these attributes
are the negative health aspects repteseénted in the
high content of saturated fatty acids, cholesterol
with the low content of polyunsaturated fatty acids
and poor spreadability due to its high solid fat
content at refrigcration temperature (Viatte,
1997). C



232 Awad; Hamzawi; Marwa Desouky and Soryal

Milk fat is traditionally supplied to the food
industry as butter or anhydrous milk fat, which
may not be the forms best suited to some applica-
tions. The functional requirements of fats vary
greatly depending on the application. Different
~ types of fractionation processes have been devel-

oped, which include melting (Deffense, 1993),
solvent (Hartel, 2001), detergent (Rajah, 1996),
supercritical fluid extraction (Rizvi and Bhaskar,
1995) and short path distillation (Campos et al
2003). The most common process is cold or dry
fractionation, in which the separation of triacyl-
glycerol takes place on the basis of their melting
points. Dry fractionation or melt crystallization of
milk fat is a simple physical process that separates
milk fat into fractions that have different physical
and chemical properties. The process is termed
‘dry’ as no chemicals are used, which matches
with the consumer demand for foods devoid of
any chemical treatments. Dfy fractionation as well
offers benefits such as, the reasonable cost of
scale-up and processing alongside with the rela-
tively simple equipments required (Laakso er al
1992). Specialty milk fat ingredients are tailored
for specific end uses and designed to optimize the
functional characteristics that are desirable and
important to a given application. The most com-
mon changes that can be made to modify milk fat
are melting profile and melting point, plasticity,
and total fat content. Technologies used to make
these modifications are fractionation, blending,
and texturizing (Kaylegian, 1999). Milk fat can be
modified to improve its functional and expand its
usage for traditional and nontraditional applica-
tion. New applications include the use of intact
milk fat and milk fat fractions in the production of
structured lipids, sucrose polyesters, edible films,
emulsifiers, and cosmetics. Other nontraditional
functionality associated with milk lipids includes
the antioxidant and anticarcinogenic properties of
conjugated linoleic acid and the antimicrobial
properties of lauric acid (Kaylegian and Lindsay,
1995).

Camel and goat milk fat have unique different
functional properties. Turags belief that camel milk
is especially healthy for sick and old people probably
because of its fat composition and vitamin content.
Goat milk fat exceeds cow milk in monounsaturated
(MUFA), polyunsaturated fatty acids (PUFA), and
medium chain triglycerides (MCT), which all are
known to be beneficial for human health. Goat and
camel butter, ghee and related products have not
studied much nor produced commercially which
would have new human health benefits (Alferez ef al
2001).

Since cow mijlk is the predominant source of
milk fat in most of world countries, therefore cow
milk fat has gained more interest to be subjected
for fractionation and properties of its fractions.
Scanning of literature revealed that studies on
camel and goat milk have been mainly conducted
on its gross chemical composition, while little
work has been done on milk fat and nearly nothing
on the detailed fractions. However, this work was
planned to spot some light on the properties of
goat and camel milk fat fractions with emphasis
on fractions stability and functional properties.

MATERIALS AND METHODS

Materials
Preparation of goat and camel butter oil (BO)

Collected goat and camel milk samples were
separated using a scparator (Alfa-Laval, Sweden ).
The resultant cream was churned into butter using
stainless steel butter churner. Obtained butter was
melted at 60°C and the top layer was decanted,
then the melted butter was filtered through four
layers of cheese cloth to obtain clear butter oil
(BO) with approximately 99.5 %pure milk fat.

Preparation of fat fractions

BO samples of both goat and camel were sepa-
rately placed in beaker and held at 80°C for 10 min
using water bath to destroy all crystal nuclei. Each
sample was then slowly cooled at a rate of
1"C/min using the same water bath to the initial
fractionation temperature (15°C for goat and 30°C
for camel).After 9 hr of total cooling and holding
time the resultant solid fraction at 15 or 30°C was
separated from the liquid fraction (liquid 15 or
30°C for goat and camel butter oil respectively)
using centrifuge under cooling. Both solid and
liquid fractions were weighed and the yield of
cach was calculated. A similar process was used
for fractionation of solid goat or camel milk fat
fraction at 25 or 40°C in order to obtain the solid
and liquid fraction at the same temperatures.

Method of analysis

Slip melting point, specific gravity and refrac-
tive index were measured in both goat and camel
milk fat and their various fractions as described in
AOAC, (2000). Cholesterol content was deter-
mined by the method of Gilliland er al (1985).
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lodine value was determined by the method of
AOCS, (1998). Fatty acid profiles of both goat
and camel milk fat and their various fractions were
determined after conversion of the fatty acids into
the corresponding methylesters as described by the
method of Amer et af (1985). Keeping quality of
both goat and camel milk fat fractions and their
original butter oil was carried out by determining
the accelerated stability test by placing open tubes
containing the samples in an oven set at 63+0.5°C
using the thiobarbituric acid (TBA) value at regu-

lar intervals according to Keeney and Smith, .

(1971,

Polymorphism of both goat and camel milk fat
fractions and their original butter oil were charac-
terized by following the method of Fomuso and
Akoh, (2001) using X-ray diffraction pattern
(Shimadzu, X-D-1, X-ray diffractometer, Japan).
The X-ray source generation power was set at
40Kv and 30mA. The 20 range used was from10-
35" which contains the ditferent patierns character-

istics for the different triacylglyserol crystal poly- '

morphs (Aken ef al 1999). Sample as melted and
poured into rectangular mold, then allowed to so-
lidify at room temperature and kept at refrigerator
temperature for 12 h. Short spacing of the major
polymorphs are as follows f' a strong spacing at
4.2; and f§ a very strong spacing at 4.6 and another
one at 3.80 A (Man, 1992).

Statistical analysis

The data (mean of three replicates) were ana-
lysed by the General Linear Models procedure of
SAS (1994). Least significant difference test was
performed to determine differences in means at p<
0.05.

RESULTS AND DISCUSSION

The fatty acid composition of goat and camel
milk fat and its fractions are depicted in Table (1).
Fatty acid profile of goat fat and its fractions indi-
cated that all fatty acids are present except Cyq ,
Cis3 and Cyo , while in camel fat only short chain
C4 was not shown. These notices were also con-
firmed with total short chain (TSC) and total long
chain (TLC) fatty acid values as well as the ratio
of both (TSC/TLC). Goat milk fat exhibited higher
values of TSC while camel milk fat had higher
values of TLC and unsaturated fatty acid (USFA).
Therefore, the ratio of TSC/TLC was very low in
camel fat compared to goat fat. It can be also no-
ticed that, saturated fatty acids (SFA) were most
abundant in all samples. With increasing fractiona-

tion temperature, saturated fatty acids gradually
increased, while unsaturated fatty acids gradually
decreased. Unsaturated fatty acids of liquid goat
milk fat fractions were higher than that of solid
fractions and the original butter oil. These findings
are in agreement with the results obtained by
Grall and Hartel, (1992), who indicated that the
short chain fatty acids and unsaturated fatty acids
migrate to the liquid fractions, whereas the Jong
chain saturated fatty acids remain with the crystal-
line fraction. It can be inferred also from the data
that, the fatty acids composition of the various
fractions diffcred appreciably from one to another
as well as from the original butter oil. Short chain
saturated fatty acids C4.0t0 Cgo were found to be in
higher concentration of the liquid fractions. The
liquid fraction (L15) had greater content of short
chain fatty acids than L25, whereas myristic
(Ci40) and palmitic (C,¢,0) were more in solid frac-
tions than liquid fractions and S25 had greater
content of these long chain fatty acids than S15,
The unsaturated fatty acids, oleic Cyg.; and linoleic
Cis2 were mostly concentrated in the liquid frac-
tions and the concentration of these fatty acids was
related to the fractionation temperature. Our re-
sults are in close agreement with the results ob-
tained by Bindal and Wadhwa, (1993) and
Arora and Rai, (1998).

From fatty acid profile of camel milk fat and
its fractions it could be also observed that liquid
camel fractions showed the highest levels of un-
saturated fatty acids and the ratio of USFA / SFA
decreased from 0.632 to 0.597 for L30 and L40,
respectively. Guan and Sheriha, (1986) showed
that, in Libyan camel milk fat, Cyy Cieo, Ciel, Cigoo,
Cig;contributed more than 85 % of the fatty acids.
Sawaya et al (1984) showed comparable results
for some individual fatty acids and pointed out
that short chain fatty acids (Cg - C,0) Were pre-
sent in very small amounts. However, camel milk
fat contained high levels of linoleic and poly un-
saturated fatty acids, which are essential for hu-
man nutrition. Moreover, Farah ef al (1989) indi-
cated that camel milk fat contains less short chain
fatty acids but relatively high concentration of
Ciao and Cy4g acids. The results obtained of fatty
acids prolile are concised with general trends of
Badings et al (1983); Amer et al (1985); Fouad
et al (1990); Abd El-Rahman et af (1998) and
Aken et al (1999). There were no information on
fatty acid composition of camel milk fat fractions,
and no research has been done concerning the ef-
fect of thermal fractionation on fatty acid compo-
sition of each fraction (solid and liquid).
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Table 1. Fatty acid profile (as %) of the main fatty acid groups for goat and camel milk fat and their fractions

BO, Butter oil; S, L solid and liquid fractions. Number following the type of fraction corresponds to the temperature at which the fraction separated.

USFA, unsaturated fatty acids; SFA, saturated fatty acids.

% Fatty acid
Fatty acid NO. of carbon Goat milk fat Camel milk fat
BO L15 S15 L25 S25 BO L30 S30 L40 S40
Butyric C4 5.95 4.98 3.57 3.29 2.48 - - - - -
Caproic Cé 6.96 2.85 224 2.17 1.88 038 029 0.12 028 0.08
Caprylic C8 3.39 329 228 243 1.78 0.55 043 027 0.38 0.22
Capric C10 12.99 11.47 11.25 10.87 10.08 1.34 0.72 0.51 0.69 0.46
Lauric C12 4.49 5.98 5.33 524 425 2.52 0.07 1.94 2.01 1.82
Myristic Ci4 11.26 12.48 14.62 14.52 16.19 14.43 13.03 11.31 11.54 9.89
{ Palmitic C16 2276 2353 26.19 2422 28.24 28.34 28.98 33.48 3034  33.67
Palmitoleic C16:1 - - - - - 8.50 9.79 9.67 1148 10.64
Stearic C18 10.35 8.43 9.99 11.49 13.64 15.44 14.57 19.81 1624  21.43
Oleic C18:1 1949  23.09 22.11 22.86 19.58 22.11 24.26 18.34 22.00 17.58
linoleic C18:2 1.98 3.39 1.89 2.41 1.61 2.88 3.46 291 2.75 2.69
linolenic C18:3 - - - - - 1.18 1.15 0.96 1.11 0.88
Arachedonic C20 - - - - - 2.31 1.06 041 1.03 034
Total short chain | C;—C; 16.30 11.12 8.09 7.89 6.14 0.93 0.72 0.39 0.66 0.30
.| Total long chain Cio—Ca 83.32 88.37 91.38 91.61 93.59 99.05 99.09 99.34 99.19  99.40
USFA Ci6:1~ Cisa 2147  26.48 2400 2527 2L.19 34.67 38.66 31.88 3734 31.79
SFA Cs—Cy 78.15 73.01 7547 7423 78.54 65.31 61.15 67.85 62.51 6791
'USFA /SFA 0.275 0363 0318 0.340 0.269 0.531 0.632 0.469 0597  0.468
TSCFA/TLCFA 0.196  0.133 0.089 0.086 0.066 0.0093 0.0073  0.0039 0.0065 0.0030

1474
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Functional properties of fat fractions

Slip melting point, specific gravity, refractive
index, cholesterol content, iodine value and yield
of goat and camel milk fat fractions obtained by
thermal fractionation at 15, 25 and 30, 40°C for
goat and camel milk fat, respectively are presented
in Table (2). It could be noticed from the data
that, camel milk fat and its fractions had a signifi-
cantly higher melting point (p< 0.05) than goat
milk fat fractions, which was 21.4 and 40.9°C for
goat and camel butter oil, respectively. Whereas,
Farah ef al (1989) and Fatouh e¢f al (2004)
showed that, camel butter melted at a comparable
range of 40.6 — 42.5 °C with a mean melting point
of 41.4°C which is 8°C higher than the correspond-
ing values in cow milk butter oil and 6.2°C higher
than the buffaloes milk fat. The higher melting
point of camel milk fat and its various fractions
than goat milk fat fractions could be due to the
higher percentages of solid fat (long chain fatty
acids) in camel milk fat fractions. The high melt-
ing point for camel milk fat produces butter not
usually eaten and often used as a base of medi-
cines. The highest Sllp melting point of goat milk
fat and its fractions was observed for $25°C fol-
lowed by S15°C, while, the lower slip melting
point were observed for L15°C. Solid fractions of
both goat and camel fat generally indicated higher
slip melting point than liquid fractions being high-
est for camel S40. Thus, it can be concluded that
higher slip melting point of solid than liquid frac-
tions might be due to a greater content of high
melting triglycerides in solid fractions (Table, 1).
Lakshminarayana and Murthy, (1985); Ramesh
and Bindal, (1987); Bindal and Wadhwa, (1993)
recorded similar trend for cow and buffalo milk fat
fractions. Changes in slip meliting point of the
fractions are mainly due to changes that occurred
in proportions of palmitic C¢, and stearic Cgo
acids, which have melting points of 62.9 and
69.6°C, respectively (Formo, 1979). Slip melting
point of $25°C was significantly higher by 14.63°C
than that of the original butter oil (21.44 C) due to
the increase in both C.0 (From 22.76 to 28.24 mg
/ 100mg) and C3¢ (From 10.35 to 13.64
mg/100mg). Lakshminarayana and Maurthy,
(1985) reported melting points of 37.5, 14.5 and
35.8°C for S31°C, L15 C and buftaloes milk fat,
respectively. It is noteworthy that, the substantial
ditferences in the melting properties among frac-
tions were not reflected as much as in their fatty
acids composition. Saada et al (1983) reported
that, after five successive crystallization process,

there was no clear cut difference among the frac-
tions, which maintained an overall similarity in
gross fatty acid composition. This is due to the
fact that the process is based on the different melt-
ing points of the triacylglycerol in the mixture and
only indirectly on the melting points of the indi-
vidual fatty acids. The melting point of triacyl-
glycerol is a function of the chain length of its
three fatty acids residues, their type of unsatura-
tion and their distribution on the glycerol back-
bone (Laakso ef a/ 1992 and Deffense, 1993).
Specific gravity (Sp gr) of both goat and camel
butter oil and their various [ractions are given in
Table (2). It can be noticed that, specific gravity
decreased with increasing slip melting point of the
fractions which may be ascribed to the decrease in
the unsaturated fatty acids content (Table 1), Sp
gr of camel milk fat and its fractions was signifi-
cantly lower than that of goat milk fat and its frac-
tions. Moreover, solid fractions showed lower
Spgr values compared to liquid fractions. This
would be attributed to the content of USFA, SFA
and the chain length of fatty acids in the fraction
(Formo, 1979). Camel milk fat is grnerally char-
acterized with its higher solidification due to
higher content of TLC and lower TSC (Table, 1)
which lead to lower Sp gr and this is confirmed
with obtained results. Fraction L15 of goat milk
fat had the highest Sp gr while the fraction S40 of
camel milk fat possessed the lowest. The trend
found in our results is in agreement with data ob-
tained by Badings er al (1983) and Lakshmina-
rayna and Murthy, (1985), Unfortunately, there
were no available data in the cited literature for
comparison to the resulls obtained of camel milk
fat fractions. Statistical analysis of Sp gr among
all fat fraction was significantly different.
Refractive index (RI) values of butter oil and
its fractions of goat and camel milk fat are pre-
sented in Table (2). The greater the degree of un-
saturation, the higher the refractive index. Goat fat
fraction L15 content of unsaturated fatty acids was
highest among all the obtained goat fat fractions.
Consequently, Rl of L15 was higher than the
original butter oil which has lower content of un-

+saturated fatty acids (Table, 1). Refractive index

of high melting fat fractions L25, S25 of goat and
L40, S40 of camel were lower than the original
butter oil and other fractions. Generally, the re-
fractive index value for the original camel milk fat
is higher than the corresponding values of both
cow milk fat (1.449) and buffaloes milk fat
(1.452) as determined by Sankhla and Yadava, .
(1981) and Fatouh er al (2004).

Annals Agric. Sci., 53(1), 2008
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Table 2. Some functional properties of goat and camel milk butter oil (BO) and its fat fractions.

i
H

Goat BO

Goat milk fat fractions

|

Camel milk fat fractions

Characteristics Camel BO

! L15 S15 L25 s2s | L30 $30 L40 S40

. . . | ‘ |

5(3‘8 ‘)nel.“ng point 21438 | 1680° 31270 2073 36.07° & 409° 38.2¢ 429 414°  459°
Specific gravity 09113° | 0.9140* 09092 09126° 09082° . 09058 | 0.9054' 0.9019"  0.9039¢  0.8979
Refractive index 1.4517° | 14549 1.4516° 1.4519®  1.4448° | 1.4558" | 14577" 14547  14559® 14525
Cholesterol content g . h f 1 - c 2 d b ~g 21h
. 244.9 262.9°  240.7"  249.84" 23397 321.97 343.5 289.44%  328.51® 23931
(mg/100g fat)
IOdlne Va[ue ~ g ~ f i h § a . b - d ~ C - ~e
(el absorbed/100g fat) 31.64 35877 2944 3046 27.41 4222* 14120 39.25 39.76 37.73
Yield 100 8.4 91.6 1648 " 75.12 100 4.9 95.1 8.46 86.64
(@100g) . ) . . . ) . .

S, L, solid and liquid fractions. Number following the type of fraction corresponds to the temperature at which the fraction separated.

a, b, c: Means with same letter among various fractions are not significantly different (P< 0.05)

9¢t
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The distribution of cholesterol content among
various goat and camel milk fat fractions indicated
that liquid fractions of goat and camel were higher
in cholesterol content than solid fractions. Low
melting fractions (115, L30) for goat and camel
milk fat showed significantly higher cholesterol
content than their original butter oil and solid frac-
tions. The higher concentration of cholesterol in
low melting fractions may be attributed to the high
affinity of cholesterol for short chain and unsatu-
rated fatty acids, which were predominate in low
melting fraction as compared to high melting frac-
tion. Values of .cholesterol returned to decrease
with increasing the fractionation temperature
reaching its lowest value of 233.97 mg / 100g fat
in goat fraction S25. Same trends of cholesterol
distribution were found between liquid and solid
camel milk fat fractions. Generally, cholesterol
content was significantly higher in camel milk fat
and its fractions than goat milk fat. This is mainly
due to the high aftinity of cholesterol for USFA,
which were predominate in camel milk fat frac-
tions (34.67 % in BO, Table, 1) as compared to
(21.47) in goat BO. This could also be explained
by the ratio of USFA/SFA which was higher in
camel milk fat and its fractions than goat milk fat.
The results obtained are in agreement with general
trends observed by Arul ef al (1988) and Bhaskar
et al (1998).Unfortunately, there were no available
data in the cited literature for total cholesterol for
goat and camel milk fat fractions.

lodine value (1V) of various fat fractions (Ta-
ble, 2) revealed substantial alterations in the
chemical composition of the resultant fractjons
caused by multi-step fractionation. 1t is well
known that (1V) is a measure of unsaturation in
fat, the higher proportion of unsaturated fatty acids
the higher the 1V, Camel milk fat fractions showed
significantly higher iodine value 1V than goat milk
fat fractions. lodine value of goat L15, which was
entirely liquid at room temperature, was the high-
est among all the obtained goat fractions while

'S25 was the lowest. Similar trend was found in

camel milk fat since L30 had the highest 1V value
while S40 which was solid with waxy appearance
showed lower IV. The higher iodine value of low
melting fractions is readily -explained by the
chemical composition and distribution of fatty
acids. Low melting fractions L30, L15 were en-
riched in USFA, while depleted in SFA content
and the trend was vice versa in high melting frac-
tions. Farah et al (1989) ana Hamzawi et al
(1998) reported that camel butter had higher 1V
than cow butter with an average of 48.96 g I, ab-

sorbed /100 g fat. The trend of the obtained data
confirmed other reported studies and it was in
agreement with Amer et al (1985), and Sherbon
et al (1972).

The proportional yield of solid and liquid frac-
tions varied with increasing fractionation tempera-
ture. The ratio between liquid and solid goat milk
fat fractions at 15 and 25°C was 8.4: 91.6 and
16.48: 75.12, respectively. However, at 30°C the
ratio between liquid and solid camel milk fat frac-
tions was 4.9: 95.1 , but when the fractionation
temperature increased to 40°C, the liquid fraction
yield increased from 4.9 to 8.46%, while the solid
fraction yield decreased from 95.1 to 86.64%.
Nevertheless, crystallization at lower temperature
of 15 or 30°C for goat and camel milk fat yielded
higher amount of solid fraction. At these lower
temperature degrees, more crystallization of me-
dium and high melting triglecerides was occurred,
thus increasing the yield of solid fraction. In addi-
tion, at lower crystallization temperature the mass
of solid fraction also includes a mass of liquid oil
entrapped within the crystal lattice, which has
been noted as a major problem associated with
melt crystallization (Grall and Hartel, 1992).

Stability of fat to oxidation

Oxidation of milk fat is one of the most impor-
tant changes limiting the palatability, nutritional
quality and different uses of fat and fatty products.
The compositional properties of milk fat and the
concentration of natural antioxidants are the main
factors affecting the degree of stability to oxida- .
tion. Autoxidation of cow and buffalo milk fat was
extensively studied before (Bhat ef a/ 1980; Nath
and Murthy, 1983; AL-Tahiri et al 1987),
whereas there are rare information on camel and
goat BO and nearly none concerning goat and
camel milk fat fractions. The development of thio-
barbituric acid (TBA) readings (as OD) at 63°C of
goat (A) and camel (B) milk fat fractions, during
induction and acceleration periods are demon-
strated in Fig. (1). Chemical composition of fat
fraction has great influence on their susceptibility
to oxidation. The higher the degree of unsatura-
tion, the lower the oil stability. At lower fractiona-
tion temperature the fraction contains higher ratio
of USFA especially polyunsaturated fatty acids
which are highly susceptible to oxidation. "There-
fore, L15 which is liquid at room temperature
showed the highest TBA values among all goat
and camel fractions. Thus, it is expected to un-
dergo a faster rate of oxidation with significantly

= Annals Agric. Sci., 53(1), 2008
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Fig. 1. Oxidative stability of goat and camel milk fat at 63°C during induction and acceleration periods using thiobarbituric acid (TBA) test.
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lower fat stability and keeping quality. Goat BO
and its fat fractions exhibited higher TBA values
during induction and acceleration compared to
camel BO and its fractions. This means that camel
fat is generally more stable to oxidation and has
higher keeping quality than goat milk fat. It is also
observed from Fig. (1) that the liquid fractions of
both goat and camel fat exhibited lower stability to
oxidation (higher TBA values) than BO or solid
fractions. On the other hand, solid fractions
showed more stability to oxidation than BO in
both goat and camel fats. The previous trend was
noticeable during induction and acceleration peri-
ods. The acceleration period continued up to 11
days for goat fat fractions when sharp increase
was noticed. For camel fat, the acceleration period
continued up to 20 days when the sharp increase
in TBA values was noticed. The extended period
of acceleration in camel fat would also confirm the
higher stability to oxidation and longer shelf-life
of this fat especially its solid [ractions, even com-
pared 1o buflalo or cow fat. It could be also no-
ticed that, TBA readings were nill at zero time
being 0.08, 0.32, 0.14, 0.06 and 0.03 for goat BO,
L15, L25, SI5 and S25°C, respectively. TBA
showed gradual increase during induction and
acceleration period at 63°C being highest in L15
among all fractions and original butter oil. Gener-
ally, liquid fractions had higher TBA values than
solid fractions due to the higher content of unsatu-
rated fatty acids at liquid fraction which appar-
ently involved in the formation of malondialde-
hyde that reacts with thiobarbituric acid. More
oxidation resulted in more accumulation of
malondialdehyde; also the acceleration tempera-
ture is responsible for the formation rate of such
aldehyde. (Sonntag, 1979; Richardson and
Korycka, 1983). 1t was also observed from Fig.
(1) for camel fat that, low melting fraction L30°C
showed significantly higher autoxidation rates as
compared to original milk fat and other fractions,
whereas 840 fraction showed lesser autoxidation
rate as compared to the camel butter oil. The pres-
ence of higher concentration of unsaturated fatty
acids had a greater influence on accelerating rates.
Based on chemical composition, the great resis-
tance exhibited by camel fat toward oxidation
could be attributed to its significantly higher con-
tent of high melting fat and long chain fatty acids.
The unsaturation in fractions mainly due to
triglycerides containing oleic acid and polyunsatu-
rated fatty acids which have been transferred to
liquid fractions than solid fractions. It is known
that autoxidation markedly increase with increase-

ing the number of double bounds in the fatty acids
(Lakshiminarayana and Murthy, 1986 and
Mahran ef al 2000).

Polymorphism

The x-ray diffraction pattern of both goat and
camel milk fat and its liquid and solid fractions is
shown in Fig. (2). The two polymorphs detected
were B and P, the absence of a polymorph attrib-
uted to its rapid transformation to the more stable
polymorph 3 and . The x-ray diffraction pattern
of liquid goat fat fractions showed only P poly-
morph at 3.9 A and were less resolved than solid
fractions because the sample sofiened considera-
bly during the x-ray analysis (Fomusa and Akoh,
2001). pand P' polymorphs were pronounced for
both butter and solid fractions. § polymorph was
detected at 3.9 A und 4.3 A of S I15°C and S 25°C
while, B' polymorph showed at 4.5 A for goat but-
ter oil. The inherent BO of goat or camel and its
solid fractions revealed similar pauern of poly-
morphism of 3 and ' polymorphs. [t was also
noticed that, the magnitude of x-ray diffraction
peaks gradually increased with increasing the frac-
tion melting point which is consistent with the
alteration in their chemical composition. Milk fat
crystallize in the B' polymorph together with a
little B polymorph. ' is attributed to low and me-
dium melting ftat, while § polymorph is attributed
to higher melting fat (Schaap et al 1975). The x-
ray diffraction pattern of camel milk fat and its
solid and liquid fractions. (Fig. 2, B) showed dif-
ferent peaks in comparison to goat milk fat and its
various fractions. All camel milk fat and its solid
and liquid fractions showed the two polymorphs f
and [ with absence of a- polymorphs. The high
melting camel fat fraction (S40) showed B poly-
morph at 2.9 A and P polymorph at 4.8 A, while
' polymorph detected at 4.4A for camel butter oil
(BO). Liquid camel milk fat showed different
peaks of x-ray diffraction than solid fractions. The
liquid fractions of camel fat were also different
than liquid fractions of goat fat. The x-ray diffrac-
tion pattern of camel liquid fractions showed both
f and ' polymorphs at 3.9, 4.6 A for L30 and
3.9, 4.4 A for 140 in order. Moreover, camel solid
fractions showed different x-ray pattern than goat
solid fractions. The peak intensity was more pro-
nounced in camel fractions and ' was showed at
2.9 A in both S30 and S40 fractions. This means
that the crystalline and stability were higher in
camel milk fat than that in goat milk fat.
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Fig 2. X-ray diffraction pattern of goat (A) and camel (B) milk fat fractions compared to original butter oil (BO)
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CONCLUSION

Fractionation of goat or camel milk fat to dif-
ferent liquid and solid fractions can be a good
process to produce various fats with various func-
tional properties. The process can give liquid fat at
low temperature (15°C) and also solid fat at higher
temperature (40°C). It was interesting to find that
camel milk fat contains higher amount of TLC,
USFA and cholesterol content than goat fat.
Camel milk fat fractions were found to be more
stable against oxidation and therefore, have longer
shelf-life and keeping quality compared to buffalo,
cow or goat fats. The X-ray diffraction pattern of
camel fat fractions indicated different crystalliza-
tion behavior than that of goat fat fractions.
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