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Summary

The aim of this study was to investigate whether properties of milk from Girgentana goats of
different 04-CN genotypes were affected by the energy intake at pasture. Thirty six goats
were genotyped at o -CN locus using several genomic techniques and milk protein analysis.
Eight genotypes associated with low (FF, 2 goats), medium (AF, AN, BF, BN, 21 goats) and
high (AA, AB, BB, 13 goats) a51-CN level have been typed. The increase in energy intake (E)
of goats from low (<1.8 Mcal/d) to medium (1.8-2.0 Mcal/d) and high level (>2.0 Mcal/d)
corresponded to an increasing dry matter intake, diet CP percentage, milk yield and clotting
parameters, and a reduction in milk fat. Depending on genotypes linked to increasing c1-CN,
milk was higher in casein, curd firming time and curd firmness. Significant interaction
between the effects of energy intake and o;-CN genotype was found for curd firming time
and curd firmness, suggesting that changes in milk properties caused by feeding regimen
could be different for goats differing in o4;-CN genotype.
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Introduction

Nutrition and genetic factors, both inducing changes in milk composition, influence mitk
properties for cheese-making ability. Goats® feeding is frequently based on pasture; thus, the
variations in availability and quality of grazed forage over the seasons produces modifications
in feeding level and diet composition of goats, determinant for milk characteristics. Milk
properties also depend on the genetic variants of the milk proteins. The ¢5-CN polymorphism
affects milk casein, and goats carrying alleles associated with a high content of 0,-CN show
the best technologies properties of milk for cheese-ability (Ambrosoli et al., 1988). In fact,
goats milk with high amount of ¢5;-CN has longer coagulation time and formed firmer curds
(Clark & Sherbon, 2000). Even though nutritional and genetic effects on goat milk propesties
are known, few studies (Schmidely et al., 2002) has verified the impact of nuftrition on milk
properties from goats of different milk protein genotypes. In this regard, diet energy (Mackle
et al., 1999; Auldist et al., 2000) was found positively related to an increase of o-CN in milk
from cows, even though independently of their B-L.G and x-CN phenotypes. This study
represents a first approach to verify if changes in properties of milk from Girgentana goats
differing for o5-CN genotype are affected by energy intake at pasture.

Material and methods

In a hilly area of Sicily during Spring, over a 75-d experimental period, 36 goats of
Girgentana breed, initially averaging 136+5 DIM and 37.4+5.3 kg of live weight, were
allowed to daily graze Italian ryegrass as a monocolture (15 goats) or a mixture with berseem
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clover (21 goats), and supplemented with 500 g/d of barley. Blood and milk samples were
collected from the samé goats. Genotyping was carried out at protein level and at the DNA
level, as reported by Sacchi et al., (2006). Eight different genotypes associated with high (HC:
AA, AB, BB, 6 and 7 goats for R and BC), medium (MC: AF, AN, BF, BN, & and 13 goats
for R and BC) and low content (LC: FF, 1 and 1 goats for R and BC) of a;-CN were found.

From weekly measurements and sampling, regarding milk yield and forage selected by
goats, a total of 270 individual observations were achieved. Milk samples were analysed for
lactose, fat, SCC, pH, titratable acidity (°SH/50 ml), TN, NPN, NCN and urea. The milk
renneting properties, clotting time (r, min), curd firming time (kyo, min) and curd firmness
(a30, mm), were measured in 10 ml of fresh milk at 35 °C added of 0.2 ml diluted (1.6:100)
rennet solution (1:15,000) using a Formagraph instrument, Herbage dry matter (DM) intake
of goats at pasture and diet DM digestibility was assessed by the n-alkane techniqgue,
according to Dove and Mayes, (1991). Analyses for DM, crude protein (CP), fat, ash and
structural carbohydrates were carried out on selected herbage and barley seeds. The
estimation of net energy of lactation (NEL) of diet was based on assessed digestibility and
equations of Van Soest and Fox, (1992). The calculated data of diet energy intake (E) of
goats, ranging from 1.4 to 2.4 Mcal/d of NE, were classified according to a low (LE: <L.8
Mecal/d), medium (ME: 1.8-2,0 Mcal/d) and high level (HE: >2.0 Mcal/d), independently of
the type of pasture since its effect on energy intake within o5-CN genotype of goats was
found not significant. Data were statistically analysed by GLM procedure of SAS, using a
mixed model with energy intake (E), asi-CN genotype (C) and their interaction (E*C) as
fixed effects, and goats within E*C as a random effect. Means differences were assessed by
the Student’s 7 test. Tables report only parameters showing significant effects.

Results and conclusions

The increasing energy intake (E) of grazing goats (Table 1) corresponded to an increase in
diet DM intake and CP, and a reduction in diet DM, whereas ND¥ had a constant level. These
variations have to be related to changes in herbage availability (from 39 to 151 kg DM/goat)
and composition (DM 10-58%; CP 8-19 % DM; NDF 42-69 % DM) at pasture.

The a5-CN genotype (C) did not affect energy intake, whilst DM intake and diet NDF
were lower in HC goats, for which a tendency to select more digestible grass, for suppotting
energy need for high synthesis rate of casein (Schmidely et al., 2002), could be hypothesized.

Table 1. Effects of goats energy intake (Mcal NEi/d) and genotype for low (LC), medium
(MC) and high (HC) a,-CN on diet DM intake and composition.

Energy intake () 05-CN genotype (C) 'Sign. R

<18 | 1.820 | >20 | LC | MC | HC E | C
Observations 1. 69 117 84 15 160 g5
NE; intake, Mcal/d 1.52° 1.865 2314 195 1.89 1.85  **% NS
DM intake, g/d 969  1140°  1339%  1184°  1149* 1114° x¥xx % (.84
DietNEL, C B A ek
Meal /kg DM 1.58 1.64 1.72 1.64 1.64 1.66 NS 0.59
Diet DM, % 3584 264%  214% 284 27.9 285 *** NS 064
Diet CP, % 18.3% 194 218" 197 19.6 19.9  #* NS 0.69
Diet NDF, % 29.6 20.2 283  303* 288° 282° NS * 0.64

1.%=P<0.05; ***=P<0.001; NS=not significant. 4, B, C: P<0.01; a, b, c: P<0.05.




The increase in E was related to an increase in milk yield and, because the dilution
effect, a decreasing fat (Table 2). The E did not affect protein and casein content, even though
LE increased the ratio casein N/TN and the efficiency of N utilization for casein synthesis,
and reduced whey protein, Urea was lower at ME, where presumably nitrogen assumption
was better balanced to energy. The E markedly affected clotting parameters, higher at the HE;
these results seem to reflect the combined effects of the higher casein, even though non
significant, related to higher clotting time and curd firming time (Clark & Sherbon, 2000),
and the lower fat, related to higher curd firmness (Bencini, 2002},

Table 2. Effects of goats energy intake (Mcal NEi/d) and genolype for low (LC), medium
(MC) and high (HC) asi-CN on milk composition and renneting properties.

Energy intake (E) s;-CN genotype (C) 'Sign. R?

<18 1820 >20 LC MC HC E C E*C
Milk, g/d 003 1035° 1266~ 967° 1131 1096 == ** NS 086
Lactose, % 458 461 457 462 459> 455" wNs o= 071
Fat, % 4008  4.02%° 357% 403 380" 395 o ¥ 070
TN#6.38, % 370 384 386 3.70° 3.81°° 389" Ns * NS 070
Casein, % 287 287 294 266% 296" 3.06% Ns =+ NS 071

Casein N/TN, % 77.4° 752° 760 7247 7774 7854 o+ NS 0.56

_Casem N/N 144 134ab 128b 110® 1494 147* x  #=xx NS 0.64
intake, g/kg

Whey protein, % 0.55°  0.62%  0.63" 0.68% 057% 056° == = NS 062

Urea, mg/dl 503°  464° 502° 497 486 485 ¢ Ns ¥ 073
r, min 0.6% 10.6*% 11.8™ 100 1.1 109 *** Ns Ns 054
ka0, Min L5780 1.64A%° 185 156" 166" 1.84° e = =077
d3p, MM 42 1B 49.0°  49.0% 41.5% 494" 492% wwx wxr 075

1 #=p<.05; **=P<0.01; ***=P<0.001; NS=not significant. 4, B, C: P<0.01; a, b, ¢: P= 0.05.
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Figure 1. Changes in renneting properties of milk from goats of low, medium and high
a-CN genotype due to energy infake (4, B: P<0.01; a, b: P<0.05).

The C of goats affected several traits of milk production. In particular, in comparison
with other genotypes, LC goats showed lower milk yield, casein content, ratio casein N/NT
and efficiency of N utilization for milk casein, in accordance with Schmidely et al., (2002},
but, in opposite to these authors, a higher milk fat was found in LC goats, probably because of
the effect of both lower milk yield and higher diet NDF, or the low number of cases. Linked
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to the lower casein content, curd firming time and curd firmness were lower for LC. These
results are supported by Ambrosoli et al., (1988) and Clark and Sherbon, (2000), who found
that milk with high level of a5 -CN had higher protein, casein, slower coagulation rate and
firmer curds. Significant interactions E*C emerged for lactose, fat and urea. Whereas
interactions in lactose and fat are difficult to justify, the interaction for urea, due for the
marked increase in LC at HE (48.7, 46.4 vs. 55.5 mg/dl in HC, MC and LC; P< 0.05) can be
explained by the excess of diet nitrogen in respect to the lower nitrogen exigency for milk
casein formation. However, highly significant interactions were found for curd firming time
and curd firmness (figure 1). The first showed an effect of C only at HE, where increased
passing from LC to HC. On the contrary, the difference in curd firmness between genotypes
disappeared at HE.

In conclusion, this first investigation allowed to evidence as both energy intake and o -
CN genotype appeared to greatly affect the potential manufacturing properties of goat milk,
thus both feeding management and genetic selection have to be optimized in order to improve
cheese-making ability of milk produced and maximize cheese yield. The interactions between
effects of nuirition and ¢-CN genotype suggest that changes in milk properties caused by
feeding regimen could be different for goats differing in a,-CN genotype. However,
especially due to the low number of low ¢ -CN observations, further studies are required to
confirm and better define these preliminary results, also taking into account genotype
combinations of ¢g-CN and other milk protein.
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