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- Ahstract. Heat denaturation of whey proteins and the heat coagulation time (HCT) of camel and cow
milks were investigated. The milk was heated to 63, 80, 90 and 120°C for 30 min. and nitrogen distribution
was determined. The non casein nitrogen (NCN) in raw milks of camel and cow was 28 and 26 mg/100g,
respectively. Whey protein nitrogen (WPN) was decreased significantly and after 30 min. of heating at
90°C the whey protein denaturation of camel milk was nearly half that of cow milk. Compared to cow milk,
camel milk whey proteins had higher heat stability. Camel milk exhibit poor HCT and modification of the
protein leve) and salt compaosition of the milk similar to that of cow milk did not improve the HCT. Suspen-
sion of came! milk micelles in cow ultracentrifugal whey {UCW) gave a milk unstable to heat. The system
consisting of serum protein free casein (SPFC) of both camel and cow milks in their own milk diffusate,
SPFC of came! milk in cow milk diffusate and $PFC of cow milk in camel milk diffusate, all became very
unstable to heat at all pH values.

Introduction

The ability of milk to withstand relatively high processing temperature is very impor-
tant from a technological viewpoint. The heat coagulation of cow milk has been the
subject of considerable research since the pioneering work of Sommer and Hart [1].
The literature has been reviewed by Fox and Morrissey [2] and Fox |3, P, 189]. Camel
milk is an important component of the human diet in many parts of the world, it con-
tains all essential nutrients [4]. Camel milk has been shown [5] to have different com-
position from cow milk. Tn Saudi Arabia the population of camels is more than 0.6
million [6] and their milk is consumed fresh or in the form of fermented milk. Pas-
teurized camel milk has introduced to the local market on a very limited scale.

The heat coagulation of camel milk has received very little attention and heat
treatments such as sterilization as means of preserving camel milk is unknown.
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Changing in heat stability induced by addition of permitted stabilizer have been
investigated for camel milk (Al-Saleh, unpublished data). It was found that addition
of stabilizers was ineffective in improving the heat stability of camel milk. For this
reason a study has been carried out for manipulating the heat stability of camel milk
by modifying composition or interchanging constituents of camel and cow milk.

Materials and Methods

Milk samples

Camel and cow milk from animals in the farm of College of Agriculture, King
Saud University were used. The milks were defatted by centrifugation at 2500g for 30
min at 4°C (Hermlez 320K, Germany). The skim milk so obtained was used fresh or
after storage at 4°C.

Nitrogen distribution

The nitrogen distribution in the milk samples was determined by micro-kjeldahl
method [7]. The following N-fractions were determined: total protein nitrogen (TN),
non cascin nitrogen (NCN) and non protein nitrogen (NPN soluble in 12%
trichloracetic acid). Denaturation of whey protein nitrogen {WPN) was calculated by
the difference of the whey protein nitrogen (NCN minus NPN) before and after heat-
ing of the milk. One portion was kept raw {control) and the rest was heated at 63, 80,
90 and 120°C for 30 min.

Camel milk with modified protein and salt composition

Cow milk (Protein 3.53%) was diluted with water so that the diluted milk had the
same protein level (2.79%) as camel milk used in the study. The camel milk was
dialyzed against 30 vol. of cow milk for 3 days at 4°C to adjust its salt composition
similar to cow milk.

Integrated systems of casein micelles and ultracentrifugal wheys

Camel and cow milks were separately centrifuged at 105,000g for 30 min at 4°C
(Beckman L 8-80 Ultracentrifuge, USA). The camel milk casein micelles were resus-
pended in cow milk ultracentrifugal whey and vice versa by stirring for 20h at 4°C.

Milk diffusate

Distilled water was dialyzed against 30 vol. of cow and camel miik for 3 days at
4°C (three replacement of the milk were carried out using No.1 Spectra/por membr-
ance, MWCQ, 6000 - 8000, (Fisher Scientific Co., USA) as given by Fox and Hoynes

[8).
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Preparation of serum protein-free systems

Scrum protein-free systems were prepared by the method of Fox and Hoynes [8]
with some modifications. Cow and camel milk casein micelles were prepared by cen-
trifugation of milk samples at 105,000g for 30 min at 4°C. The supernatants were
poured off and the pellets resuspended in milk diffusate by stirring for 20h at 4°C.

Determination of heat stability

The pH of samples was adjusted to various values in the range 6.2-7.2at4°C
using 2N-HCI or 2N-NaOH and held for 1h before assay. Heat coagulation time
(HCT) was determined at stated temperatures in a thermostatically controlled oil-
bath according to the method of Davis and White [9].

Results and Discussion

Effect of heat treatment on nitrogen distribution in camel and cow milk

The denaturation of whey proteins is important in understanding the changes in
the properties of milk that occur with heat treatment.

The effect of heat treatment on the distribution of nitrogen fractions in samples
heated at 63°, 80°, 90°C and 120°C for 30 min. is shown in Table 1.

The value of NCN (expressed as percentage of total milk nitrogen) consists of
whey proteins and NPN. The NCN in raw milk samples of camel and cow milk was
28% and 26%, respectively and showing no significant differences. As the tempera-
ture increased up to 90°C the NCN was decreased in both milks with the amount of
199%, for camel milk which was lower than that of cow milk, 10% . The NPN was not
affected by heat treatment for both milks. WPN was decreased significantly with
heating for both types of milks and the content of WPC cow milk was 19 mg/100g
which was significantly lower than that of camel milk, 51 mg/100g.

Denaturation of whey proteins was expressed as percentage relative to the con-
trol raw milk. It was apparent that cow milk showed higher whey protein denatura-
tion. At low temperature (63°C) which is normally used for pasteurization, there was
little whey protein denaturation. At higher temperature (90°C) the denaturation was
82 mg and 44 mg/100g for cow and camel milk, respectively. Moderate heat treatment
(60-70°C range) generally resulted in structural unfolding of the proteins {10}. At
higher temperatures, protein aggregation occurred [11]. Pasteurization processes
cause very small amounts of denaturation, while sterilization causes almost complete
denaturation [12, p. 69]. The present observation suggests that camel milk whey pro-
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teins had higher heat stability and whey protein denaturation of camel milk was
nearly half that of cow milk whey proteins.

Heat coagulation time (HCT) of camel and cow milk

The heat stability of milk can be defined either in terms of the time required to
induce coagulation at a given temperature or the temperature required to induce
coagulation in a given time. For convenience, a fixed temperature (120°C) was cho-

sen.

Figure 1 shows the heat coagulation time (HCT)/pH curve of camel and cow
milk. It was quitc clear that camel milk was less heat stable than cow milk. HCT of
camel milk became and remained low with increasing pH up to pH 7.0 and the HCT
increased gradually with no maximum and minimum. Unlike camel milk HCT of cow
milk increased progressively as the pH was increased from 6.2to 7.2. The shape ofthe
curve for camel milk at high temperature (120°C) was the same as those at low tem-
perature (100°C). Cow milk showed pronounced maximum inthe HCT at pH 6.6 and
minimum at pH 6.8 and this was in agreement to previous finding [13; 14]. Many
investigators had confirmed the important relation between the pH and heat stabil-
ity. Fox and Hearn [15] concluded that the surface charge is important in determining
the stability of milk and pH change could result in low stability. Singh and Fox [16]
reported that stability increased at higher pH values ( 7.1) owing to increased nega-
tive charge on the K-casein micelles, thereby reducing the maximum and minimum
in the heat coagulation time.

200
-=-Camel(100°C) !
-=-Camel (120°C)

150 .
~+Cow {120 C})

100

HCT {min.)

50

6.2 6.4 6.6 6.8 7 7.2
pH

Fig. 1. Heat coagulation time (HCT)/pH curve of camel and cow milk .
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Heat induced interaction between g-lactoglobulin (B-lg) and K-casein [2]. Rose
[17] considered that 8-lg/K-casein interaction was responsible for the maximum in
the HCT/pH curve and failure of this interaction to occur was responsible for the
minimum in HCT. According to Farah and Riesen [18] Larsson-Raznikiewicz and
Mohamad [19] camel milk contained so little protein fraction corresponding to K-
casein. This might be responsible for the low heat stability of camel miik.

HCT of camel milk with modified protein and salt composition

Dialysis of came] milk against diluted skim cow milk for 3 days to adjust its salt
composition similar to cow milk had no effect on HCT of camel milk (Fig. 2). How-
ever, the heat stability of the dialyzed cow milk was decreased, but the shape of HCT/
pH curve was not altered. The ash content of camel milk was 0.88% before dialysis
and 0.80 after dialysis. It was found that the ash content of cow milk, before and after
3 days of dialysis, was 0.78% and 0.87% respectively. Additionally, the protein con-
tent for both camel and cow milks was not altered. The results showed that partial
removai of ions from camel to cow milk caused a decrease in HCT of cow milk and
no effects on the overall shape of HCT/pH curve. Sweetsur and Muir {20] found that
the heat stability could be altered markedly by including small changes in the levels
of soluble calcium or phosphate ions. Kudo [21] reported that variation in the
amounts of calcium phosphate deposited on casein micelles could be one of the fac-
tors which might affect heat stability.
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Fig. 2. Heat coagulation time (HCT)/pH curve of camel milk with modified protein and salt composition .
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HCT of interchanged system between casein micelles and ultracentrifugal whey of
camel and cow milk

The influence of interchanging casein micelles and ultracentrifugal wheys
(UCW) from camel and cow milk was studied to know which constituents mainly
affected the heat stability of camel milk. Table 2 shows that suspending camel casein
in cow UCW gave a milk with low heat stability at all pH values. On the other hand,
the system consisting of cow casein micelles in camel UCW was heat stable at pH =
6.6. The HCT/pH profile was not altered, but the HCT was less than that of cow skim
milk, which could be ascribed to the serum compositional differences (Table 1 and

Fig.1)

Table2. Effect of interchanging of casein micelles in ultracentrifugal wheys from camel and cow milk on
heat coagulation time (HCT)

Camel casein* Cow casein**
pH 2.0% 2.6% 2.0% 2.6%
min min
6.2 2.00 1.50 2.05 2.12
6.4 2.10 1.35 2.00 2.20
6.0 2.15 2.05 83.20 84.50
6.8 22.45 2.30 63.20 66.10
7.0 5.10 4.19 75.10 79.15
7.2 5.30 4,45 180 182

HCT at 120°C
*Ultracentrifugal camel casein was resuspended in cow ultracentrifugal whey.
**Ultracentrifugal cow casein was resuspended in camel ultracentrifugal whey.

This suggests that the principal component which caused the low heat stability of
camel milk might be its casein micelle. Heat induced changes in milk casein preceding
coagulation when subjected to severe heat treatment and some type of interaction
occurred between B-lactoglobulin and casein on heating which markedly affects heat
stability [22]. According to Farah [23] K-casein and B-lactoglobulin play an important
role in the stability of bovine milk and the absence and deficiency of these two pro-
teins in camel milk might be a cause of its poor stability at high temperature. Mehriz
and Ganguli [24] found that interchanging buffalo and cow casein micelle subunits
(CSU) between their UCW resulted in insignificant increase in the heat stability of
buffalo CSU suspended in cow UCW, while that of cow CSU in buffalo UCW pre-
dominately increased.
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Effect of adding ultracentrifugal cow casein on HCT of camel milk

The casein content of camel milk (2.0%) was adjusted above the original level by
adding bovine micellar casein (0, 0.2, 0.4 and 0.6%). The HCT of camel milk was not
increased and HCT obtained with the casein concentrated samples was similar to
those obtained without addition of casein. The poor heat stability of camel milk was
very much dependent on the compositional differences between camel and cow milk
which was mentioned in previous reports [18; 19; 25].

HCT of casein systems with interchanged casein micelles and milk diffusates

The data in Table 3 shows the HCT of camel and cow serum protein free casein
micelles (SPFCM) in interchanged milk diffusate at different pH values. The SPFCM
of both camel and cow was unstable to heat at all pH values over the range 6.2 - 7.2.
As shown in Table 3 when sedimented camel or cow milk was suspended in their own
milk diffusate the HCT was decreased markedly. The decrease in HCT of all milk
samples might be attributed to the absence of serum proteins (8-lactoglobulin) and
the state of salt balance. The failure of the p-lg/K-casein interaction to occur and salt
balance shifts could be responsible to the minimum HCT. The whey proteins concen-
trations and the relative concentration of ions (salt-balance) are likely to be responsi-
ble for this phenomenon, since by dialysis only soluble constituents were inter-
changed.

Table 3. Heat coagulation time (HCT) of camel and cow serum protein free casein micelles (SPFC} in inter-

changed diffusate

pH A B C D

6.2 1.12 1.08 1.04 1.08
6.4 1.34 1.38 1.12 1.45
6.6 1.33 2.15 i.16 1.46
6.8 1.25 2.09 1.7 1.51
7.0 1.14 2.17 1.13 1.31
7.2 1.25 2.13 1.21 1.27

where:
HCT : inminutes (120°C)

. Camel casein in camel milk diffusate
Camel casein in cow milk diffusate
Bovine casein in cow milk diffusate
Bovine casein in camlel milk diffusate

(el o R- b
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According to Fox [3, p. 195] factors in the serum rather than in the colloidal
phase were primarily responsible for variations in heat stability. Ganguli [26] found
that bovine casein micelles were less heat stable in their milk diffusate. On the other
hand, Rose [17] observed increase in heat stability of micelles resuspended in their
milk diffusate with increasing pH values. Pouliot and Boulet [14] reported that the
use of higher temperature had undoubtedly accelerated some physiochemical
changes such as salt balance shifts.

In general, camel milk exhibited poor heat stability and ditfers from that of cow
milk. Tnterchanging casein micelles, ultracentrifugal whey and milk diffusate of
camel and cow milk did not improve the heat stability of camel milk. Therefore, more
research is needed to study casein submicelles and whey proteins of camel milk with
regard to their presence and effect on heat stability.
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