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INTRODUCTION
Thermal coagulation is an important technological property since thermal treatments are
extensively used in milk processing, in particular to produce UHT milk. Thermal coagulation
can be characterised by the time elapsed before coagulation at given temperature (Heat
Coagulation Time; Tessier and Rose, 1964) or, alternatively, by the temperature where
coagulation occurs (Heat Stability, as described by Morgan et al., 2000). Heat stability of cow
milk depends on complex interactions among physico-chemical properties of milk including
milk PH, Calcium and Phosphorus contents, casein and whey protein contents and urea (Singh
and Creamer, 1992; Van Boekel, 1993). Comparisons of heat stability of milks from several
species indicate that goat milk, at its natural PH, has a lower heat stability than that of cow
milk (e.g., Fox and Hoynes, 1976; Zadow et al., 1983). However, little is known about intra
species (or intra breed) variation of heat stability. The objective of this article is to present
preliminary results of an ongoing research on the effects of some environmental and
individual sources of variation in heat stability, and the correlations between heat stability and
other milk traits (milk production, solid contents and somatic cell counts).

MATERIAL AND METHODS
Data. 523 milk samples of 203 Alpine goats were collected in 9 herds in the Poitou-Charentes
region (France) from March to September 2000. All goats were sired by 15 artificial
insemination bucks (5 to 23 daughters/buck) and the distribution of sires across herds
warranted genetic connexions among herds. Heat stability was the coagulation temperature
during 1 minute of heating, as described by Morgan et al (2000) and it was recorded as
coagulation before 120°C or as a temperature ranging from 120° to 150°C; thus, for statistical
analyses, heat stability was defined in 7 classes (before 120°C, and 6 classes of 5°C from 120
to 150°C). Complementary data was obtained from the official milk recording data base of the
Processing Centre of Genetic Information (CTIG, Jouy-en-Josas, France): kidding date,
lactation number, milk recording data (milk yield, protein content, fat content, and somatic
cell counts), and pedigree data. For statistical analyses, milk yield and milk contents were the
arithmetic mean of milk recording data corresponding to two test-dates, before and after the
date of sampling for heat stability measurements. Scores for somatic cell counts were
computed by log-transformation. Goats were genotyped for αs1 casein by
isoelectrophocalisation as in Mahé and Grosclaude (1993). For statistical analyses, genotypes
were defined as 'high' (genotypes bearing the A, B and C alleles) and 'mild' (EE, EA, EB and
EC) genotypes). 'High' and 'mild' refer to previous work on the effects of the αs1 casein
polymorphism on protein and fat contents of goat milk (Barbieri et al., 1995; Mahé et al,
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1993) where the alleles A, B and C were associated to high solid contents and the allele E to
intermediate to low solid contents.

Models and methods. The effects of herds, sampling date, lactation stage, lactation number,
casein genotypes and individual were tested using the following model :

yijklmn = HDi + Sj + Nk + Gl + Am + eijklmn
where :
yijklmn : measurement of heat stability
HDi : combined effect of the herd and the sampling date (25 levels)
Sj : stage of lactation (9 levels: less than 60 days,  7 levels of 30-days from 61 to 240 days,
and more than 240 days).
Nk : lactation number (2 levels: first lactation and second or later lactations)
Gl : αs1-casein genotypes (2 levels: 'high' and 'mild', as explained above)
Am : individual goat random effect, representing both genetic values and permanent
environmental effects.
eijklmn : residual random effect

Estimates of effects of the model and variance components were computed using the PROC
MIXED of SAS. For estimation of genetic parameters, the VCE package (Neumaier and
Groneveld, 1998) was used on a modified model allowing for additive genetic values and
permanent environmental effects.

RESULTS AND DISCUSSION
Thermal coagulation occurred before 120 °C for 92 samples (18%) and temperatures varied
from 120 to 149 °C for the other 431 samples (82%) whose coagulation temperatures were
recorded (Table 1).

Table 1. Distribution of heat stability of goat milk

Coagulation temperature

° C < 120 120-125 126-130 131-135 136-140 141-145 146-150

n 92 33 62 93 103 100 40

The raw correlation between recorded temperatures and the classes defined above was 0.98
(n=431). Milks coagulating before 135 °C (54%) can be considered as 'unstable' and
unsuitable for UHT processing. These raw data, obtained at natural PH (6.6 ± 0.1), confirm
the relatively low heat stability of average goat milk but reveal also the existence of
considerable variation among samples (46 % of 'stable' milk samples).
Statistical analysis (Table 2) yielded significant effects of herd-test-dates (P<0.01) and non
significant effects of lactation number, while the influences of lactation stages and αs1-casein
genotypes were less clear (P<0.05).
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Table 2. Sources of variation in heat stability of goat milk

Sources of variation Significance Solutions for effects 
 

Herd-test-date P< 0.01 from  -0.88 to 3.34
Lactation number NS Primiparous

Adults
-0.02
0.00

Stage of lactation P<0.05 1
2
3
4
5
6
7
8
9

-0.02
0.81
0.93
1.16
0.77
0.76
0.74
0.49
0.00

Casein Genotype P<0.05 High
Mild

0.49
0.00

As other dairy traits, heat stability was mainly affected by herd effects, probably due to
differences in feed regimes affecting the chemical composition of milk. Heat stability
increased from kidding to about 150 days of lactation and it decreased afterwards.
Homozygous 'high' αs1-casein genotypes had a slightly higher heat stability than 'mild'
genotypes. This is in disagreement with results of Tziboula (1997) who studied 12 goats and
found that 'mild' genotypes produced milk less stable than 'low' genotypes (FF genotypes).
Remeuf (1993) and Morgan et al. (2000) did not find differences in heat stability of milks
from different αs1-casein genotypes. In fact, several biochemical studies on cow and goat
milk indicate that the main proteins involved in heat stability are κ-casein and β-lactoglobulin
which may form a complex inducing casein dissociation from the micelle and, thus, low heat
stability. So, the slight effects of αs1-casein variants on heat stability observed here should be
interpreted as indirect effects, perhaps through a relatively high ratio casein/serum protein in
'high' genotypes, as compared to 'mild' genotypes. The importance of this protein ratio on heat
stability of goat milk has been recently reported (Bouhallab et al., 2002).

Repeatability and heritability of heat stability were 0.44 and 0.17 ± 0.07, respectively.
Heritability appears low but it should be recalled that estimates are calculated from herd test
data (2 to 4 measurements per lactation). For milk yield, estimated repeatability and heritability
in this sample were 0.52 and 0.19 ± 0.06, respectively. Heat stability was negatively correlated
with milk yield (phenotypic correlation rp=-0.08; genetic correlation rg=-0.16±0.18) and
somatic cell scores (rp=-0.04; rg=-0.21±0.38) and positively correlated with protein (rp= 0.21;
rg = 0.32 ± 0.12) and fat (rp= 0.21; rg = 0.25 ± 0.15) contents.
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CONCLUSION
Heat stability of goat milk is highly variable and it is influenced by environmental and genetic
effects. A slight effect of the αs1-casein genotypes on heat stability was observed in this study
but further research is needed on the effects of milk protein haplotypes, including κ-casein
and β-lactoglobulin polymorphisms. Heritability of heat stability was slightly lower than
heritability of milk yield and the trait might be improved by selection. Direct selection on this
trait would need measurements of heat stability in the milk recording routine with consequent
higher costs. Other possibility would be indirect selection. Solid yields and contents, the αs1-
casein polymorphism, and  somatic cell counts are present or potential selection criteria in
dairy goat selection schemes. According to results of this study, all these criteria are not
detrimental for heat stability and they can be used for indirect selection to improve heat
stability.
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