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ABSTRACT

The objective of this study was to compare the effects of two feeding
systems (total mixed ration; TMR vs. roughage and concentrate
offered separately; SF) on performance and milk composition of
German Fawn (2=16) and Saanen (n=16) dairy goats. Animals were
randomly allocated into 2 sub-groups and fed TMR or SF system.
Roughage:concentrate ratio were arranged as 60:40 in TMR groups.
Wheat straw (25%) and chopped alfalfa hay (75%) were used as
roughage. Roughage was offered at ad libutum while concentrate
was given in two equal meals (total 800 g/goat per day) in SF groups.
The study was lasted 50 days. Live weights were recorded before
morning feeding. Milk yields were recorded weekly. Individual milk
samples were collected to determine total solids, fat, protein, casein,
lactose, and urea-N. Feeding systems did not affect (P>0.05) milk
yield, body weight, total solid, fat, protein, and casein
concentrations. Separate access to roughage and concentrate
decreased dry matter intake (P<0.01) and tended to decrease urea-
N concentration (P= 0.053). Milk yield of German Fawn does was
lower than Saanen does (P< 0.01; 1205.4 g/d vs. 1476.8 g/d). When
milk composition of two genotypes were compared, protein was
higher (P<0.01) in German Fawn does than Saanen does. In
conclusion, there was no advantage of mixed diet over separate
feeding for dairy goats having moderate milk yield (1200-1500 g/d).
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Farkli Yemleme Sistemlerinin Alman Alaca ve Saanen Kecilerinde Performans ve Siit Kompozisyonu

Uzerine Etkisi

OZET

Bu calismada 2 yemleme sisteminin (toplam karisim rasyon; TMR
ve stratejik yemleme; SY) Alman Alaca (2= 16) ve Saanen (n= 16)
1rka siitcti kecgilerde performans ve stiit kompozisyonu tizerine etkisi
arastirnlmigtir. Keci irklar: sansa bagh olarak 2 alt gruba ayrilmis
gruplardan biri TMR, digeri SY sistemi ile beslenmistir. Her iki
yemleme sisteminde de kaba yem:konsantre yem orani 60:40 olarak
diizenlenmistir. Kaba yem olarak bugday saman (%25) ve yonca
samani1 (%75) kullamlmigtir. Stratejik yemleme sistemi uygulanan
alt gruplarda kaba yem ad libutum verilmig, konsantre yem ise
sabah ve aksam egit miktarlarda olmak tizere 800 g/kegi seklinde
verilmigtir. Arastirma 50 giin stirmustiir. Arastirma stiresince canl
agirliklar sabah yemlemesinden 6nce belirlenmigtir. Stit verimleri
haftalik olarak saptanmigtir. Stit kuru madde, yag, protein, kazein,
laktoz ve iire-N dizeylerini belirlemek i¢in haftalik bireysel siit
ornekleri alinmigtir. Stit verimi, canh agirlik, st kuru madde, yag,
protein ve kazein konsantrasyonlarinin yemleme sistemleri
arasinda benzer (P>0.05) oldugu tespit edilmistir. Kaba yem ve kesif
yemin ayri ayri verildigi SY yemleme sisteminin kuru madde
tiiketimini azalttign (P<0.01) ve siit iire-N konsantrasyonunu
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azaltma egiliminde (P= 0.053) oldugu belirlenmistir. Arastirma
sonucunda, Alman Alaca kecilerin Saanen irkina goére daha disik
siit verimine (P< 0.01; 1205.4 g/d vs. 1476.8 g/d) sahip olduklari
saptanmigtir. Alman Alaca keci siitlerinde protein diizeyinin
Saanen 1rki kecilerden yiiksek oldugu (P<0.01) belirlenmistir. Sonug
olarak, orta diizeyde siit verimine sahip (1200-1500 g/d) siitcii
kecgilerde TMR yemleme sisteminin stratejik yemlemeye gore

avantaj saglamadig1 soylenebilir.
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INTRODUCTION

Traditional production system for dairy goats has been
replaced by intensive system recently due to increase
labor requirement in traditional system and increase in
productivity by improvement in management, health,
breeding and feeding. Different feeding systems are
available for intensive small ruminant production
practice such as strategic feeding, complete feeding or
total mixed ration (TMR) (Monzon-Gil et al. 2010) and
choice (cafeteria) feeding (Goérgiilii et al. 1996; Gorgiilii
et al. 2003; Rodriguez et al. 2007). Main differences
among these feeding methods are in the way of supply
of concentrate and level of feeding (restricted or ad
libitum). These differences affect rumen retentition
time of feed particles, rumen pH, and microbial
population (Huuskonen et al. 2014). Increasing
concentrate in the diet or using it separately may
reduce rumen pH and digestibility of dietary fibre
(Archimede et al. 1995).The TMR is a proper feeding
system to solve problem with low ruminal pH which is
having a negative effect on the microbial growth and
milk fat content (Fox et al. 1990; Maltz et al. 1991;
Gordon et al. 1995; Monzon-Gil et al. 2010).

Simple and effective feeding methods for dairy goats
have not been extensively explored as for dairy cattle
(Monzon-Gil et al. 2010). In addition, there are reports
showing that dairy goats in various genotype may give
different response to the feeding systems (Provenza et
al. 2003; Mellado et al. 2004; Fukasawa et al. 2005).
Therefore, the objective of the current study was to
examine the effect of different feeding systems (total
mixed ration vs. separate roughage- concentrate) on the
milk yield, milk composition, and body weight chance of
German Fawn and Saanen does.

MATERIAL and METHODS

Animals were managed according to the Turkish
legislation regarding the use of animals in scientific
experimentation.

Experimental design and treatments

Sixteen German Fawn (51.9+5.26 kg; meantstandard
deviation) and 16 Saanen does (53.0+9.63 kg) were used
in this study. Does were assigned to the two feeding
methods according to milk yield (averaged 1484+368.2

g/day) and days after kidding (averaged 155.4+7.80
days) within genotype with 8 does each. Feeding
methods were total mixed ration (TMR) and separate
concentrate-roughage (SF). In TMR groups, roughage:
concentrate ratio were arranged as 60:40. Concentrate
consisted of (g/kg) barley grain (85.0), corn grain
(235.0), wheat brans (256.0), corn brans (100.0), cotton
seed meal (45.0), dried distillers grains with solubles
(150.0), sunflower meal (100.0), limestone (20.0), salt
(8.0), and vitamin-mineral premix (1.0). Wheat straw
(25%) and chopped alfalfa hay (75%) were used as
roughage sources. Both of them had been chopped using
a SM 05 grinder-mixer to pass through a <3 cm screen.

In the does fed SF method, roughage and concentrate
were in seperate feeders. Roughage was offered at ad
Itbutum while concentrate was given in two equal meals
(total 800 g/does/day, approximately 1.6% LW) daily.
Rations were distributed twice daily, after morning
(06:00 h) and evening (18:00 h) milkings. Chemical
composition of the concentrate and roughage are
presented in Table 1.

Does were housed in 3 m x 1.5 m (width x depth) pens
in which bedding was peridocically placed and later
removed. There was free access to water adequate for
all animals. The study was lasted 50 days, after 14 days
of adaptation period.

Measurements, sampling and analysis

Feeds and refusals were weighed daily to determine the
intake. The wheat straw, alfalfa hay, and concentrate
samples were milled through a 1-mm sieve (ZM-200,
Retsch, United Kingdom) before analysis being
analyzed. The dry matter (method 934.01), ash (method
942.05), ether extract (method 920.39), and nitrogen
(method 984.13) contents were determined according to
the AOAC (1999). Neutral detergent fiber (NDF) and
acid detergent fiber (ADF) were determined with
procedures using an Ankom procedure (Ankom® Tech.
Corp., Fairport, NY, USA) without correcting for
residual ash (Van Soest et al. 1991).

Does were milked twice daily by automatic milking
machine (DeLaval, Tumba, Sweden) at 04:00 h and
16:00 h. Their individual milk production was recorded
weekly. Milk samples were collected weekly and
analyzed by infrared spectroscopy (Milko-Scan FT 120,
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Foss, Electric A/S, Hillered, Denmark) to determine
total solid, fat, protein casein, lactose, urea contents.
Milk production was standardized as Fat-Corrected

Milk (FCM) at 4% fat, according to the following
formula: FCM= [(0.4 x milk (kg) + 0.15 x milk fat (kg)]
milk yield (NRC, 2001).

Table 1. Chemical composition of concentrate and wheat straw and alfalfa hays (dry matter basis)

Chemical composition, % Concentrate Alfalfa hay? Wheat straw?
DM (%) 91.0 88.3 93.1
Organic matter!? 93.2 91.2 93.4
Crude protein (% of DM) 17.7 14.6 2.3
Ether extract (% of DM) 3.6 1.2 0.70
NDF (% of DM) 29.3 62.3 85.5
ADF (% of DM) 11.5 47.3 56.7
Ash (% of DM) 6.8 8.8 6.6
Crude fiber (% of DM) 7.3 34.8 41.4
NFC! 42.6 13.1 4.9

1 Values were calculated; Organic matter= 100-% ash; NFC=100-(% CP+% NDF+% fat+% ash) (NRC, 2001)

2 Chopped using a grinder-mixer

Statistical analyses

The treatment arrangement was a 2 x 2 factorial, with
two genotypes and two feeding systems. T-tests were
used to compare the differences in
roughage/concentrate ratio preferred by does.
Performance data were analyzed using the MIXED
model procedure of SAS (2000), with a model consisting
of genotype, feeding system and genotype x feeding
system interaction. If there were significant effects,
multiple comparison of means were carried out using
the Tukey-Kramer test. Treatment differences with
P<0.05 were considered statistically significant,
whereas statistical tendencies to differences were
accepted if 0.05 <P <0.10. All data are reported as least
squares means with pooled standard errors (SEM).

RESULTS and DISCUSSION
Effect of feeding systems

Dry matter intake was greater for does fed TMR than
for fed SF (P<0.01), and there was a genotype and
feeding system interaction (P<0.01). Milk urea content
of does fed TMR was tend to higher than that of does
fed SF (P=0.053). The higher DMI of dairy goats fed
TMR has been related to a better ruminal utilization of
diets components by the simultaneous consumptions of
concentrate and roughage (DeVries and von
Keyserlingk 2009; Monzon-Gil et al. 2010). Mixed diet
probably favored more suitable rumen conditions,
growth of cellulolytic bacteria, and lesser time for
rumen pH<6.0 (Monzon-Gil et al. 2010). On the other
hand, does fed with SF showed a marked decrease in
roughage intake (52.7% vs. 60.0%, Table 2), and they
had TMR having higher concentrate ratio. It is well
known that high concentrate or separate concentrate
usage in the diet may decrease total feed intake
(Monzon-Gil et al. 2010) due to a decreased or an
irregular rumen pH (Kleen et al. 2003) and satiety with
energy intake (Forbes, 1983; Glimp et al. 1989;
Yurtseven and Gorgulu, 2007) unless there is any
physical limitation in the stomach capacity. Similarly

Sauvant et al. (1991) reported that the goats receiving
100 g supplemental concentrate consumed 111 g less
forage dry matter. Low roughage intake is obvious
finding when roughage and concentrate were supplied
separately, and decreased roughage intake dimished
total feed intake, this could cause a reduction in milk
yield if the dairy goats have high milk yield.

Milk yield and milk components except for milk urea
content were not affected by feeding methods in the
present study and this probably related to the relatively
moderate milk yield (1200-1500 g/day) of the dairy
goats. In addition, similar milk yield and composition
could be expected when the dairy goats consumed
similar amount of energy and protein as it was observed
in the present study. Accordingly, Giger-Reverdin et al.
(1987), Morand-Fehr et al. (1991), and Sanz Sampelayo
et al. (1998) reported that milk production and
composition of goats were mainly dependent on energy
balance of the animal rather than the composition of the
diets.

Earlier studies reported no differences in performance
(Miguel-Romera et al. 2011) or milk composition
between feeding systems when the proportion of
concentrate in the diet was similar (Tufarelli et al.
2009). Gorgulu et al. (2003) compared Damascus goats
receiving TMR ad libitum with those receiving 1 kg
concentrate and ad libitum alfalfa hay, and reported
similar amount of milk such as in the present study.
Goetsch et al. (2003) reported that restricted intake of
concentrate (approximately 2% LW) and ad libutum
intake of roughage can yield average daily gain and
average daily gain:dry matter intake similar to ad
Itbutum consumption of a mixed diet. Also, in
agreement with the findings in goats, Yrjdnen et al.
(2003) reported that there was no difference in milk
yield, milk composition of Finnish Ayrshire cows fed
TMR or separate feeding.

Separate concentrate supply resulted in a decrease in
roughage intake when concentrate in the diet was
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increased (Table 2). Similar results were obtained in
dairy cows (Agnew et al. 1996; Ingvartsen et al. 2001;
Bach et al. 2007) when concentrate and roughage were
supplied separately. It is well known that high
concentrate may improve nitrogen utilisation efficiency
in the rumen (NRC, 2001; Pathak, 2008) and may
decrease milk urea nitrogen as in this study. Agnew et
al. (1996) reported that high concentrate increased
nitrogen utilisation efficiency and protein content of
milk. Similarly Godden et al. (2001) revealed that milk
urea nitrogen concentrations had a positive
relationship with dietary levels of crude protein and
protein fractions for instance undigestible protein, and
a negative relationship with levels of nonfiber
carbohydrate and with the ratios of these dietary
constituents. Accordingly the goats fed with separate
increased concentrate ratio in the diet had a decreased
milk urea nitrogen in the present study as well.

Effect of genotype
German Fawn does tended to consume more dry matter

than Saanen does (P=0.099). Saanen does had higher
milk yield (P<0.01) and higher FCM (P<0.01) compared
with German Fawn does. Milk yield in dairy goats
depends on genotypes, parity, kidding season, stage of
lactation and nutritional conditions. Previous
comparisons between Saanen and German Fawn or
Alpine dairy goats were inconsistent. In some studies
milk yield of Saanen was higher (Mioc et al. 2008) than
German Fawn Crossbreds or Alpine dairy goats,
whereas in others studies milk yield was lower in
Saanen (Pambu et al. 2011; Silva et al. 2013). Also,
some researchers (Darcan and Giiney, 2002) found no
differences between these breeds.

Milk protein and casein were higher (P< 0.05) or tend
to be higher (P=0.068) for German Fawn does than
Saanen does. Conversely, fat:protein ratio of German
Fawn does was lower as compared to Saanen does (P<
0.01). The milk component yields (fat, protein, and
lactose) were lower in German Fawn does compared to
Saanen does (P<0.01, P<0.05, and P<0.01, respectively).

Table 2. Effect of feeding systems on performance and milk composition of German Fawn and Saanen does

Genotype (G) German Fawn Saanen P-value

Feeding system! (FS) TMR SF TMR SF SEM G FS GxFS
Initial LW (kg) 52.1 51.8 50.0 52.6 2.65 0.815 0.657 0.591
Roughage ratio? 60.0 54.63 60.0 50.83 - <.0001 <.0001 <.0001
Dry matter intake (kg/d) 1.79b 1.76b 1.862 1.62¢ 0.021 0.099 <.0001 <.0001
Milk production (g/d)

Actual 1209.2 1201.5 1480.2  1473.3  56.00  <.0001 0.897 0.995
4.0% FCM4 1229.3 1223.0 1551.3  1561.7 51.46  <.0001 0.969 0.872
Milk composition

Total solid (%) 12.8 12.5 12.7 12.7 0.36 0.903 0.827 0.658
Fat (%) 4.2 4.2 4.5 4.4 0.24 0.343 0.819 0.941
Protein (%) 3.5 3.4 3.2 3.2 0.11 0.028 0.744 0.573
Fat:protein ratio 1.19 1.20 1.37 1.38 0.051 0.001 0.822 0.978
Casein (%) 2.7 2.6 2.5 2.5 0.089 0.068 0.629 0.612
Lactose (%) 4.32 4.1b 4.3a 4.2ab 0.060 0.346 0.078 0.278
Urea (mg/dL) 41.52 37.0b 38.5b 38.3b 1.16 0.477 0.053 0.072
Milk composition yield (g/d)

Fat 49.7 49.6 63.8 64.8 2.55  <.0001 0.856 0.833
Protein 42.4 41.4 47.1 47.5 1.68 0.022 0.835 0.669
Lactose 51.9 50.0 63.5 62.7 2.38  <.0001 0.581 0.817
Dairy efficiency

Milk/DMI 0.69b 0.68b 0.802b 0.91a 0.032  <.0001 0.088 0.076
FCM/DMI 0.70> 0.70> 0.842b 0.972 0.032  <.0001 0.046 0.043
BW

kg 53.4 55.4 52.0 52.9 2.61 0.451 0.590 0.842
Change in BW 1.36 3.56 1.95 0.23 1.02 0.190 0.818 0.065

1TMR, total mixed ration; SF, separate feeding of concentrate and roughage

2 TMR had standard roughage level (60%)
3 Standard error of the each mean is 0.29
41 FCM, fat corrected milk

2. b means with different superscripts in the same column are significantly different.

Dairy efficiency expressed as Milk/DMI or FCM/DMI
were lower for German Fawn does than Saanen does
(both of them; P<0.01). Norris et al. (2011) reported
that the protein content in Alpine dairy goats was

higher than in Saanen dairy goats, which is consistent
with the present results. Fat, protein and lactose yields
were high due to higher milk yield of Saanen than
German Fawn as expected.
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Effect of genotype X feeding method interaction

There was an interaction between genotype and
feeding systems for dairy in respect to DM intake
(P<0.01) and FCM production efficiency (P<0.05).
Saanen does fed concentrate separately consumed less
feed than German Fawn does while does consumed
similar amount of DM when fed TMR. This is probably
related to the consumption of roughage, Saanen dairy
goats in separate feeding groups consumed less
roughage and increased the concentrate ratio in the
diet. This could decrease feed intake due to ruminal
effect of concentrate and satiety isues as discussed
before. Due to this fact, the higher milk production
efficiency could be expected as the does consumed a
diet containing high concentrate (Sanz Sampelayo et
al. 1998).

CONCLUSION

The results of the present study indicated that there
was no advantage of mixed diet over separate feeding
when the goats having about 1200-1500 g milk yield
daily. The effect of separate feeding should be tested
under the different concentrate supply strategy with
high yielding (>2000 g/d) dairy goats. In addition,
water intake, blood biochemistry parameters, and milk
fatty acid compositions should be watched to
determine of pronounced impacts of separate feeding.
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