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ENDOGENOUS ENZYMES / INDICES OF HEAT LOAD

BIOLOGICAL ACIDIFICATION COURSE
means of three experiments

YOGHURT-TYPE GELS DURING COLD STORAGE
means of three experiments

The objective of the present research was to study the effect of 

various heat treatments in combination with homogenization on the 

technological potential of goat milk focusing on:

− the extend of heat-denaturation of whey proteins

− rennet clotting behaviour

− endogenous enzymes / indices of heat load

− biological acidification / yoghurt-type gels

Materials and Methods

Raw goat milk (G0) was heat treated by means of a laboratory HTST/UHT system combining a 

tubular heat exchanger with upstream homogenization (HT220 HT ST/UHT, OMVE, 

Netherlands) for 16 s at the following temperatures: 68 (G1), 73 (G2), 78 (G3), 85 (G4) and 

100 ˚C (G5). In addition, homogenized goat milk was heated under batch conditions at 90˚C 

for 5 min (G6) applied in yoghurt production. Experiments were performed in triplicate. 

The estimation of denaturation of whey proteins was based on the analysis of pH 4.6 soluble 

fraction by the Kjeldahl and RP-HPLC methods (Sakkas et al. 2014). 

Rennet clotting behavior was assessed by Formagraph (Lattodinamographo, Foss, Italia) 

procedure (Bakopanos et al. 2010).

Alkaline phosphatase (ALP) and lactoperoxidase (LPO) activities were determined according to 

ISO 3356/IDF 63 and ISO/TS 17193 /IDF/RM 208, respectively.

Yoghurt-type gels were prepared with commercial yoghurt starter and incubated at 43oC. 

Acidity expressed in % lactic acid and pH were the indices of the acidification course. The 

behaviour of yoghurt-type gels during cold storage was based on changes of acidity, pH and 

water holding capacity (WHC) (Moschopoulou et al. 2018).

Acknowledgments

We thank Mr Theodoros Paschos for the

technical assistance in the heat-treatment 

experiments.

RESULTS

Treatment RCT (min) A30 (min)

G0, raw 12,3±0,21 a 34,2±3,44 d

G1, 68°C/16s 14,2±0,87 b 30,5±2,75 c,d

G2, 73°C/16s 15,0±0,79 b,c 26,7±0,48 b,c

G3, 78οC/16s 16,0±0,96 c,d 21,1±2,99 a,b

G4, 85οC/16s 15,5±1,00 b,c 22,5±3,71 a,b

G5, 100οC/16s 17,4±1,05 d 17,3±3,21 a

G6, 90°C/5min 15,0±0,51 b,c 23,7±8,28 b,c

Treatment SN/TN α-la β-lg

G1, 68°C/16s -7,9 2,6 -0,7

G2, 73°C/16s -13,3 1,3 -4,6

G3, 78οC/16s -20,4 5,8 -7,6

G4, 85οC/16s -35,8 -9,1 -54,9

G5, 100οC/16s -42,9 -11,0 -91,8

G6, 90°C/5min -63,8 -94,7 -99,6

Treatment pH Acidity

G0, raw 6,65±0,105 b 0,15±0,005 a

G1, 68°C/16s 6,55±0,025 a,b 0,15±0,010 a

G2, 73°C/16s 6,56±0,065 a,b 0,14±0,006 a

G3, 78οC/16s 6,52±0,106 a,b 0,15±0,006 a

G4, 85οC/16s 6,52±0,064 a 0,15±0,006 a

G5, 100οC/16s 6,46±0,086 a 0,14±0,015 a

G6, 90°C/5min 6,43±0,105 a 0,14±0,007 a

Table 1.  
pH and acidity (% lactic acid) of heat treated goat milks; means of 3 
experiments ± standard deviation. Different letters indicate 
statistically significant differences between treatments (P<0.05).

Table 2.  
Percentage changes of native whey
proteins of heat treated goat milks
compared to the respective raw
milks; means of 3 experiments.
SN/TN, pH 4.6 soluble N/total N by
means of Kjeldahl method; α-la, α-
lactalbumin and β-lg, β-lactoglobulin
estimated by RP-HPLC.

Table 3.  
Rennet clotting behaviour of heat treated goat milks ; means of 3 experiments ± standard 
deviation. Different letters indicate statistically significant differences between treatments 
(P<0.05). RCT, rennet clotting time; A30 curd consistency. 

Main findings

Reduction of SN/TN was induced even by low-pasteurization of goat milk - 73°C/16s –

(Table 2) apparently due to the denaturation of very heat-labile whey proteins. Severe 

reduction was caused by 85οC/16s, which coincided to the observed denaturation of half 

the initial β-lg content. At 100οC/16s, where almost all β-lg were denatured, the greatest 

part of α-la was in its native form, which was in accordance to the limited further decrease 

of SN/TN.

The effect of the increase of heat load on the rennet clotting time (RCT) and the curd 

consistency (A30) of goat milk was inconsistent (Table 3). Thermalization at 68oC and 

pasteurization at 73oC increased significantly (P<0.05) RCT and decreased A30 but a much 

more severe treatment at 100οC/16s was needed for further significant changes. The 

unexpected non-significant effect of the treatment 90°C/5min under batch conditions could 

be partly related to the respective low pH (Table 1).

ALP in raw goat milk (G0) was 324.52 ± 47.28 μg phenol/mL and its residual activity after 

pasteurization (G2) was 0.07% of the initial. LPO of G0 raw milk was 199.31 ± 6.71 U/L, 

which was completely inactivated at 85 oC for 16s. The activities of both enzymes in raw 

goat milk were much lower than in raw cow milk analyzed in parallel, i.e., 2474 ± 342 μg

phenol/mL and 1159,7 ± 130,0 U/L for ALP and LPO, respectively.

The thermophilic lactic acid fermentation of the different - in respect to heat load - goat 

milk types resulted in pH 4.6 after approx. 5 h of incubation. At this point, the acidity was 

0.60-0.67% lactic acid, it increased up to 7 d of storage and remained rather constant, 

thereafter.

The acidity of yoghurt-type gels from milks heated at 73 and 78oC was significantly (P<0.05) 

higher at the end of incubation and during storage. However, the course of the acidity 

development during incubation of heat-treated goat milks was not statistically significantly 

affected by the heat treatment conditions.

The water holding capacity of yoghurt-type gels was significantly (P<0.05) affected by the 

conditions of heat treatment but not by the storage time.
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