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3.4 FREEZE-DRYING
The goat milk samples treated with HPP that were frozen in freezer at —20°C for
24h (Hazirah et al., 2018) were subjected to freeze-dryer for 3 days to produce goat milk

in solid form. The goat milk powder obtained was used for examination of microstructure

and proximate analysis.

3.5 MICROSTRUCTURE

Microscopy observations of goat milk powder control and samples were using
Scanning Electron Microscope (SEM) (S-3400N, Hitachi, Japan). The samples were
coated with carbon prior to examination to avoid charging of specimens. The fat globules
present in the goat milk powder were analysed from the image generated with the
magnification of 3000x. In scanning electron microscopy an image is obtained of the
surface of the specimen. ImageJ (1.52a, NIH, United States) was used to analyse the

geometrical properties of the milk fat globules.

3.6 RHEOLOGICAL PROPERTIES

Rheological measurements were carried out in an AR-G2 rheometer (TA
Instruments, Delaware) using cone and plate sensor geometry (cone angle 1°, 60mm
diameter) under controlled stress and temperature (Gabas et al., 2012). The thin layer of
goat milk in contact with temperature-controlled metal base plate enables measurements
to be made at high rates of shear without the need to compensate for the heating effect of
the high shear rate (Mohammed, 2010). Shear rate was set to range from 0.01 to 1000 s°!

and the gap between top plate and the Peltier plate was set to be 100 micro meters. The
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viscosity values were obtained as the slope from the graph of shear stress against shear

rate.

3.7 LACTOSE CONTENT

High performance liquid chromatography (HPLC) was used to determine the
lactose content in goat milk. This is a rapid, simple and specific technique for the
determination of sugars in food (Pirisino, 1983). Degassed HPLC grade water was used

as the mobile phase. The lactose content was detected using evaporative light scattering

detector (ELSD).

3.8 pH
The pH of the goat milk sample was determined using pH meter. The pH was

calibrated with standard buffers 4 and 7 before measuring the pH of the goat milk sample

(Al-Abdulkarim et al., 2013).

3.9 PROXIMATE ANALYSIS
The goat milk powder samples produced after freeze-drying were analyzed for
their composition according to standard procedures. Data analysis was performed in

duplicate.

3.9.1 Fat
The determination of fat contents of the goat milk samples (before and after HPP)

was carried out using hexane as solvent for Soxtec extraction. A FOSS Soxtec™ 2050
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was used. One gram of goat milk powder sample was accurately weighed, transferred to
thimble and extracted with 90ml of hexane at 155°C for one and half hour. After
extraction, the solvent was evaporated to dryness in an oven at 105°C weighed and then

the percentage of the oil was calculated (Al Abdulkarim et al., 2013).

3.9.2 Protein

This was determined by the Kjeldahl method using Kjeltec™ model 2300. The
method involved digestion of the goat milk sample at 420°C for 1 h to liberate the
organically bound nitrogen in the form of ammonium sulphate. The ammonia in the digest
(ammonium sulphate) was then distilled off into a boric acid receiver solution, and then
titrated with standard hydrochloric acid (Oladeji et al, 2016). For dairy product, a
conversion factor of 6.38 was used to convert from total nitrogen to percentage crude

protein (Gomaa et al., 2014).

3.9.3 Moisture Content
The moisture content of goat milk powder was analysed according to AOAC
method. The goat milk sample was dried at 100 - 105°C for 24 hours in a Memmert Oven

(Alyaqoubi et al., 2015).

3.9.4 Ash Content
Gravimetric method was used to determine ash content of goat milk sample. The
sample was incinerated with a furnace at 550°C as described by AOAC 2000 (Alyaqoubi

et al., 2015).
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CHAPTER 4

RESULT AND DISCUSSION

4.1 EFFECT OF HIGH PRESSURE ON MICROSTRUCTURE

The microstructure of fresh goat milk and pressure treated goat milk are shown at
the Figures 9, 10, 11 and 12. Table 7 shows the average geometrical parameter values of
goat’s milk fat globules analysed using ImageJ (1.52a, NIH, United States) from the
micrographs obtained. As shown in Figure 9, the milk fat globules of raw milk was
remained intact, no burst or cleavage had been observed. The mean diameter of it was
6.126 + 0.609 um with the mean area of 33.908 + 4.619 um?. Raw milk’s fat globule had
the best spherical structure with the roundness of 0.877 + 0.099 although some of the fat

globules were coalesced.

Table 7: Average Geometrical Parameter Values of Goat’s Milk Fat Globules

Pressure Time Geometrical Properties
(MPa) (mins) Diameter (um)  Roundness Area (nm?)

Control 6.126 £ 0.609 0.877 £ 0.099 33.908 £ 4.619

5 7.136 £ 2.175 0.798 £ 0.051 49.206 £ 22.551

200 10 6.176 £ 2.255 0.864 + 0.090 44.044 £ 31.135
15 5.894 + 1.634 0.890 £+ 0.049 43.512 £ 35.412

5 8.300 + 2.830 0.830 £ 0.061 64.181 + 34.428

400 10 6.805 £ 1.226 0.814 £ 0.071 43.32]1 + 14.188
15 10.066 £+ 1.624 0.694 + 0.022 74.779 + 21.307
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for 10 minutes had the highest viscosity among all the goat milk sample that treated with
200 MPa. This can be explained by the high lactose content found in the goat milk sample
when it was treated for 200 MPa with the holding time o f 10 minutes (Table 9 in Section

4.4.1).
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Figure 13: Graph of Shear Stress vs Shear Rate of Goat Milk Treated at 200 MPa for
Different Holding Times

The viscosity of goat milk increases with holding time when the goat milk was
treated with 400 MPa and 600 MPa which are shown in Figure 14 and Figure 15
respectively. It was found that when the holding time during pressure treatment increased,

the viscosity of goat milk also increased.
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4.5.2 Effect of Process Condition on Lactose of Goat Milk

The 3-Dimensional plot of RSM of the effect of HPP pressure and time on lactose
content of goat milk is shown in Figure 19. Lactose content of goat milk ranged from
2.5399 to 2.9856 g/100ml. ANOVA showed that lactose content of goat milk was
significantly affected by both pressure and time of HPP. The highest value of lactose
content was shown when goat milk was treated with 600 MPa and 15 minutes. The result
showed that lactose content was found to be a function of quadratic terms of HPP pressure

and time, with a mean lactose content of 2.7700 g/100ml.
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Figure 19: Effect of HPP Pressure and Time on Lactose Content

4.5.3 Effect of Process Condition on Total Carbohydrate of Goat Milk
The 3-Dimensional plot of RSM of the effect of HPP pressure and time on total
carbohydrate of goat milk is shown in Figure 20. ANOV A showed that total carbohydrate

of goat milk was insignificantly affected by both pressure and time of HPP.
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