
J. Agric. Sci. Mansoura Univ., 29 (4): 1951- 1959, 2004 

RHEOLOGICAL PROPERTIES OF MILK FAT COMPARED TO 
OTHER FATS: 
1··RHEOLOGICAL MODELING AND FLOW PROPERTIES. 
Metwally. A. M. M. 
Dairy Science & Technology Department, Faculty of Agriculture . Cairo 
University, Giza, Egypt 
E-mail: ahmmetwally@hotmai1.com 

ABSTRACT 

Flow properties of buffaloes' and cows' milk fat and lard fa t and palm. 
coconut and palm kernel oils were studied over a temperature range from 35 to 65°C 
and a shear rate range of 70 to 196 S·'. The samples consistency Index. shear rate -
shear stress relationship. plastic viSCOSity. 1O-rpm viscosity and viscosity were 
signifICantly different from each other (P < 0.001) particularly al 40 and 45°C and at 
196 S·, shear rate. The above parameters were found to be constant for buffaloes' 
milk fat prepared from different herds. The ftve parameters are constant for each fat or 
oil when measured under the same conditions and therefore could be used lor 
identification. 
Keywords: buffaloes' milk fat. coW'S' milk fat, Identification, rheology, vegetable oils, 

shear, viscosity, flow behavior Index, Bil'lQham plastic. 

INTRODUCTION 

Fats and oils are indispensable part of the food industry. The 
understanding of rheology of these products (viscosity and flow behavior) is 
critical in optimizing product development effort, processing methodology, 
final products' quality and for pipeline transport (Herrera and Hartel. 2000). 

Earlier reports (Rielly, 1997) used to define pure oils as Newtonian 
fluids a nd fats as non-Newtonian Bingham plastic fluids. However, the flow 
behavior of these products depends not only on their composition but also on 
the measurement temperature , which controls the solid fal content (SFC) of 
the products (Herrera and Hartel. 2000 and Wright at al., 2001). Fats and oils 
flow cUlVes could be described by the general power law equation (1 = k 0') 
which is also applicable to a great number of non-Newtonian fluids a ver a 
wide range of shear rates. The equation is modified for plastic flow to be 1: - 1:. 

= k Dn. 
Pure fa ts and oils are almost constant in their composition and 

theretore their viscosity and flow behavior are expected to be of constant 
values at the exact temperature and measurement conditions . In this regard. 
Boyael et al. (2002) developed an equation to estimate vegetable oil Viscosity 
based on the oil fally acids contents . Boyacl at al. (2003) found that the oil 
slip melting point W2S correlated to fIVe fatly acids (16:0, 18.0, 18:1, 18:2 and 
18:3) contents of the oil. Paradaker et al. (2001) found that the flow ot cows' 
milk was changed when adulterated with synthetiC milk and recommended 
the use of the change in the flow behavior index and the consis tency index 
to( detecting cows' milk adulteration . If the flow propenies of pure fats and 
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oils can be used for their identification, il would be advantageous. Currently, 
fats and oils identification depends on their fatty acids chemical constants 
(iodine number, Reichert missel value, melting point etc. ) which are lime 
consuming, costly and do nol give clear cut IdentifICation (William. 2003). 

There are number of fats and oils widely used in the dairy industry, 
namely buffaloes' and cows' milk fat and palm, coconut, and palm kernel ens. 
Usually, a single fat or oil is used in processing a product However, in case 
of the expensive butler oif there is a poss ibility of adulterating It with one of 
the vegetable oils or in rare occasions with lard. For the Importance of bulter 
oil, Its rheological properties particularly in products like butter was thoroughly 
studied to control i Is s preadabHity b ul not for f at Identification (Herrera and 
Hartel, 2000 and Wright et a/., 2001). 

This war\< was carried a ul to study t he flow properties of buffaloes 
and cows' milk fat and number of other fats and oils that are used to 
adulterate them In order to determine the feasibi lity of using these properties 
as physical constants for their Identification. 

MATERIALS AND METHODS 

Materials: 
Buffaloes' and cows' milk were obtained from the faculty of 

Agriculture dairy herd and butter oUs were prepared by the boiling off method. 
Buffaloes' butter oil was prepared from two different herds one of faculty of 
Agriculture and the second from a private farm. Other fals and oils were 
obtained from commercial sources. 

Flow properties measurements: 
The flow properties of the samples In triplicates were carried out over 

a temperature range from 35 to 65°C with a concentric cylinder 8 rookfield 
Programmable viscometer (Model DV ·U+; Brookfield Engineering 
Laboratories, USA) with UL adaptor and ULA spindle over a shear rate range 
of 70 to 193 S·l. The samples were allowed to equilibrate at each 
temperature for 10 min. prior to measurements. 

Model analysis; 
The flow behavior index and conSistency index were calculated using 

the simple power law rheological model, 't = k d' wtJere T = shear stress, n = 
flow behavior index, k = consistency Index and D = shear rate. 

Plastic viscosity of the samples was determined using the Bingham 
Plastic model (T = T. + Tl x D. t = shear stress, T. = yield stress, r] = plastic 
viscosity, D = shear rate) . 

The 10·rpm viscosity of the samples was delermined using IPC 
Paste model (11 = k x RD

, 11 = 10 rpm viscosity, k = Consistency multiplier, 
D = shear Sensitivity, R = rolational speed). 

WinGather version 1.1 (Brookfield Engineering Laboratories, Inc., 
Copyright© 1995) software was used to collect, store and analyze the data 
on a personal computer connected to the viscometer. 
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Statistical Analysis: 
Numerical results were expressed as the arithmetic mean. Student's 

t-test was used if two samples were compared, while analysis of variance 
(orie or two way ANOVA) was used for multiple comparisons over the 
temperatures and shear rates used. The $ tatistical significance 0 f the data 
was determined using Fisher's L.SD. post hoc test. The statistical 
significance of correlation and regression coefficients was determined using t
test. P value was equal to or less than 0.05 was considered sufficient to reject 
the null hypothesis. Statistical analysis was performed by running the SPSS 
12.0 (SPSS Inc .• COPYTight© 2003. Chicago. IL. USA) package on a personal 
computer. 

RESULTS AND DISCUSSION 

Shear stress of the samples were determined over a shear rale 
range of 74 to 196 S·I and at a temperature range from 35 to 65°C. Table 
(1), repor1s the shear stress of the samples at the lowest and highest shear 
rate used at different temperatures. 

The shear stress of the sample was directly propor1ional to the shear 
rate and inversely propor1ionat to temperature (r = -0.98 at P < 0.01). This is 
expected since increasing the temperature reduces SFC of the sample and 
its viscosity and increases its nuidity (Herrera and Hartel, 2000 and Wright et 
al., 2001). 

Table (1): Shear stress of pure fats and otis at shear rates of 73.4 and 
1965" ld'ff 11 1 a L eren empera ures. 

73.4 
hear ratel,s ' 

196 

Samples 
Temperature , "C 

35' 40' 45' 553 651~(351.l 403 45' 50' 65' 
Shear stress, D/Cm 

t;;utfaloes' milk fat 28.9 23.8 20 16.9 10.9 65.1 63.6 52.9 45 29 
ows' milk fal 29.624.520.7 17.511 .5 65.9 65.1 54.3 45.9 29.8 

falmoi' 34.8 28.6 24.3 20,1 12.9 77.4 76.9 63.7 53.2 34.2 
!coconut oil 23 19.1 16 13.7 8.9 51.5 SO.8 42.5 36.6 23.6 
!palm kernel all 27 28.6 18.9 15.8 10.2 61 .761.3 49.742.325.4 

ard fat 31.9 26.7 22.5 18.9 12.4 71.6 70.9 59.2 50.7 32.8 . The shear stre55 values were reported at shear rat. of 154.9 S since bayond 
this rale lard and palm oil samples did not show any shear stress at 35~C 
because this was beyond the measuring rllnge of our vlscomeler. 

2· Compared to buffaloes' milk fat, the shear stress were significantly dJrterent 
at P < 0.05 from lard, coconut and palm oils but nOlslgnlficantly different from 
palm kemel 011 and cows' milk tat. 

3- The differences between shear stresses were significantly different at the P < 
0.001 level between all samples at temperatures and shear rates ranges used. 
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Figure (1) illustrates the shear stress - the shear rate relationship of the 
samples al 40°C. Shear stress differences between samples .. vere the largest 
al the highest shear rate of 196 S·land at 40 and 45°C. The differences 
bet'oNeen all samples were highty significant at P < 0.001 at the whole range 
of temperature and shear rates. W ithin the sample, the shear stress changed 
inversely by temperature and the changes were significant at P < 0.001. The 
35°C temperature was exceptional since at this temperature the differences 
between buffaloes' and cows' milk fat were insignificant but each of them was 
significantly different (P < 0.05) from lard fat and coconut and palm oils. 
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Figure (1) : Shear stress of pure fats and oils at dlHerent ahear rates and 
at 40°C 

Other than the temperature, the fatty acid conlents of the sample 
conlrols ils flow resistance. AI a particular shear stress, the shear rate 
produced by the samples were in the following descending order coconut oil 
> palm kemel oil> buffaloes' milk fat> cows' milk fat> lard> palm oil. This 
order was found to follow the sample contents of fatty acids particularly the 
two long chain palmitic (16:0) and stearic (18:0) fatty acids as modified by the 
short (6:0, 8:0 and 10;0) and medium chains (12:0 and 14:0) fatty acids. The 
long chain fatty acids enhance the oU or fat sample flow resistance while the 
short and medium chains reduce it. According to Table (2), palm oil contained 
the highest contents of 16:0 and 18:0 (-47%) accompanIed with the lowest 
contents of the short and medium chain groups; therefore, it showed more 
resistance to flow than any other samples. On the other hand buffaloes' milk 
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fal while contained the second highest concentration (-45%) of 16:0 and 18:0 
showed flow resistance far less than lard which contained less of the above 
acids (-37%). This was because buffaloes' milk fat contained more of the 
short and medium chains (- 9.2%) than lard (-1.6%). Coconut oil wh ich 
showed the lowest flow resistance contained the lowest concentration of the 
lor:g chains and the highest concentration of the short and medium chains. 
Following the same idea of the effect of fatty acids contents on the flow 
properties of vegetable oils, fatty acids contents were used to estimate their 
viscosity and the slip melting points ( Boyaci 81 a I .• 2002 and 8 oyaci 8 tal .. 
2003). 

Fatty acid 

~~~:~I chain (16:0) 
(18:0) 

saturated 

of 

Cocon 
ut oi l 

, Cows' 
ker~lel es milk milk fat 

01 

14 7.2 
61.4 63.4 
8.2 8.1 
2.8 2.8 
86 82 
6 11 

Lard 
Palm 
oil 

Table (3) presents regression equation (Y= e + X b) with iI's constant 
(a) and regression coefficient (b) for predicting (significant at P < 0.001) the 
shear rate at any shear stress for the range of temperature used in this work . 

Tab le (3) : Prediction of shear rate at any shear stress (regression of Y 

fat f all 

(.hear Ilrlsl, 
coetf1cl.nl (.Io~). 
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Table (4) reports the fIQIN behavior index (n) and consistency index 
(k) of the samples at different temperatures as calculated from the power law 
equation. The samples showed almost similar flow index with a range from 
1.01 to 0.97. which is a slight departure into a non-Ne'Ntonian behavior 
particularty al 45°C. The samples differed in their consistency index without 
overlapping and the differences between the samples were significant al P < 
0.001 over the temperature range used. However, the largest differences 
between the samples were al 45°C. which could be used for samples 
identification. The consistency index 5 ignificantly decreased by temperature 
(r = ·0.906 at P < 0.01). 

Table (4): Flow behavior iodex and consistency index of pure fats and 
0115. 

Samples 

~utfaloes' milk fat 
rows' milk fat 
Palm oil 
Coconut oil 
Palm kernel oil 

ard fat 

Flow behavior index (n) Consistency Index (k), 
co 

o 
1.01 

1 
1.01 

1 
1.01 
1.01 

45 
0.99 
0.99 
0 .98 
0.97 
0.99 
0.99 

Temperature,OC 
50 0 

1 31.7 
0.99 33.7 
0.99 37.2 
1.01 26.6 

1 29.6 
1 37.1 

45 
27.9 
30 

35.5 
25 

26.3 
32.3 

50 
23.4 
25.2 
23.6 
18.1 
21 .3 
25.6 

The sample plaslic viscosity. visCOSity at la-rpm and viscosity were 
determined and the results are iUustrated In Figure (2). (3) and (4) 
respectively. The three measurements decreased by temperature with 
significanlly negative correlation of ..Q.92. -0.914 and -912 (P < 0.01) for 
viscosity. plastic viscosity and lD-rpm viscosity, respectively. Significant 
differences at P < 0.001 existed between the samples for the three 
parameters over the temperature range used but the highest differences were 
al 40°C and 45°C temperatures and the values do not overlap. 

To determine the feasibility ot using these now properties as constant 
standards, two buffaloes' milk fat samples, obtained from two different herds, 
were analyzed and the results are in Table (5). The differences between the 
two Buffalo samples were insignificant at P :> 0.05 with the five parameters 
leading 10 the conclusion that the two samples were identical . T his proved 
that the five rheological parameters determined were almost constant for the 
particular fat or oil regardless of sample source and therefore could be used 
for their identification. 

The differences between the values of these five parameters for 
different fats and oils were the largest when measured at 40 - 45°C and at 
196 S" shear rate therefore these conditJons afe preferable during 
identifICation. 
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Figure (2): Pure fats and oils plastic viscosity at various temperatures. 
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Figure (3): Pure fats and oils10-rpm viscosIty at various temperatures, 
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Figure (4): Pure fats and oils viscosity at various temperatures. 

Table (5): Flow properties of two different samples of buffaloes' milk fat 
at various tern eratures. 

Parameter Temperature. oC Samola 
A B 

40 31.6 31.7 
onslstency Index, cp 45 27.8 27.9 

50 17.3 17.3 
40 62.9 63.6 

hear stress at shear tate 196 S' 45 52.7 52.9 
50 44.7 45 
40 32.4 32.6 

lastic viscosity, cp 45 26.5 26.9 
50 22.8 23 
40 31.8 32.1 

O<pm viscosity. cp 45 27.3 27.6 
50 22.7 23.1 
40 32.2 32.4 

iscosily, cp 45 26.9 27 
50 22.9 23 
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