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ABSTRACT : The application of rumen undegradable intake protein (UIP) on lactating dairy goats was studied. Thirty 2-year-old 
lactating dairy goats were selected and assigned to dietary treatments begun from the third week to the fourth month postpartum. 
Experimental diets were formulated into three, low (32% CP), med (35% CP) and high (38% CP), iso-nitrogenous (16% CP) and iso- 
energetic (NEl 1.68 Mcal/kg) UIP levels. Results showed that feed intake was not significantly different among the treatment groups. 
The milk yield in the High UIP group (3.17 kg) was significantly higher than the med (2.95 kg) and low UIP (2.45 kg) groups (p<0.05). 
The milk compositions, milk fat, milk lactose and milk solids-non-fat (SNF) showed no significant differences among the three 
treatment groups. The milk protein however was significantly (p<0.05) lower in the low UIP than in the other treatment groups. The 
milk urea-N was significantly (p<0.05) higher in the low UIP than in the other treatment groups. The mean serum aspartate amino 
transferase (AST), urinary-N and total protein concentrations were significantly (p<0.05) lower in the high and the med UIP groups than 
in the low UIP group. (Asian-Aust J. Anim. ScL 2001, Vol 14, No. 11:1549-1554)
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INTRODUCTION

The dairy goat industry is facing a rapid expansion and 
challenge in Taiwan. With increasing milk yield, producers 
require technology inputs in nutrition and feeding to 
improve production efficiency. Adequate protein and energy 
supplementation assure maximum microbial growth in the 
rumen, hence persistent milk quality and high yield, 
in이uding both SNF and protein yield in peak lactation 
periods. Microbial protein can only fulfill the requirements 
in low production and late lactation stages, but not in high 
yield and early lactating goats. Therefore the required 
additional dietary protein sources or so-called undegradable 
intake protein (UIP) that can escape from microbial attack 
in the rumen is necessary fbr the high milk producer. UIP 
requirement increases as milk production increases (ARC, 
1980; NRC, 1989; AFRC, 1992).

Protein degradability depends on the source and 
processing of the protein supplement. Heating soybean 
meal fbr example decreases protein degradability and hence 
increases UIP. Feeding heated processed soybean meal 
increased milk yield in dairy cows (Amos et al., 1980; 
Chiou et al., 1997) and showed a trend towards increase in 
live-weight gain in young lambs and goats (Al-Jassim et al., 
1991). Conversely, an increase in dietary UIP levels did not 
produced a positive response in milk yield. Hadjipanayiotou 
(1995) supplemented heated soybean meal containing high 
UIP to low milk yield dairy goats and did not obtain an 
increase in milk yield. This may be attributed to the stage of 

lactation. Giving high UIP fish meal diet to late pregnant 
ewes, Hadjipanayiotou (1992) obtained an increase in milk 
yield in the ewes and live-weight in the young lambs. 
Feeding high UIP increases milk yield in dairy cows and 
ewes. The same principle can be applied to ruminant dairy 
goats. Information regarding UIP application in early 
lactating dairy goats is however limited. This trial is, 
therefore, designed to study the different dietary UIP levels 
in dairy goat performance in the early lactation period.

MATERIALS AND METHODS

Experimental animals
Thirty Saanen dairy goats, averaging 60-65 kg in live- 

weight, in their first or second lactation were selected and 
allotted into three dietary treatment groups of 10 animals 
per treatment group. The trial was started from the 2nd 
week postpartum fbr a four months feeding trial.

Feeding experiment
Experimental diets were a total mixed ration (TMR), 

40:60 roughage to concentrate ratio. Forage included alfalfa 
hay, com silage and napiergrass. The concentrate was made 
from com, soybean meal, full fat soybean (139°C heated) 
and fish meal (CP 63%, UIP 65%). The experimental diet 
(TMR) was formulated into three different UIP levels, low 
(32% CP), medium (35% CP) and high (38% CP) in iso- 
energetic (NEl 1.68 Mcal/kg) and iso-nitrogenous (16% 
CP) formulations as shown in table 1.

Goats were individually fed TMR twice daily at 08:00 
and 15:00, respectively. Feed intake was recorded and the 
refuse was collected daily fbr approximate analysis. Goats 
were milked twice daily at 06:00 and 18:00. Milk yield was 
recorded daily. Representative milk (100 ml) was sampled
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Table 1. The experimental diet formulation, %

Item
Low
UIP

Med
UIP

High
UIP

Com silage 25.0 25.0 25.0
Alfalfa hay 10.0 10.0 10.0
Napier grass 5.0 5.0 5.0
Yellow com 24.5 30.0 29.7
Soybean meal (43% CP) 16.2 14.0 12.0
Full-fat soybean (139°C) 5.0 - -
Fish meal (65% CP) - 4.0 5.5
Fat 1.5 1.5 1.5
Wheat bran 7.5 5.0 5.0
Molasses 2.7 3.3 4.1
Dicalcium phosphate 0.8 0.6 0.6
Calcium 1.2 1.0 1.0
Salt 0.4 0.4 0.4
Premixa 0.2 0.2 0.2
Total 100 100 100
Calculated nutrient value

Crude protein (%) 16.0 16.0 16.0
Undegradable protein (% CP) 32.0 35.0 38.0
ADF (%) 20.18 20.32 20.14
NDF (%) 31.21 32.01 31.89
Calcium (%) 0.85 0.85 0.85
Phosphorus (%) 0.5 0.5 0.5
NEL Mcal/kg 1.68 1.68 1.68

Analyzed nutrient value
Crude protein (%) 15.81 16.34 16.49
Undegradable protein (% CP) 31.95 36.01 38.39
Calcium (%) 0.89 0.87 0.91
Phosphorus (%) 0.47 0.45 0.50

a.Premix (each kg contain): Vitamin A, 10,000,000 IU;
Vitamin E, 70,000 IU; Vitamin D3, 1,600,000 IU; Fe, 50 g;
Cu, 10 g; Zn, 40 g; I, 0.5 g; Se, 0.1 g; Co, 0.1 g.

weekly using a mixture of morning and evening milk fbr 
total-solid, protein, fat and urea-N concentration analysis. 
Blood samples (10 ml) were collected every other week fbr 
the serum aspartate amino transferase (AST), total protein 
(TP) and urea-N concentration analysis.

Metabolic trial
Six ruminal fistulated Saanen dairy goats were allocated 

into three treatment groups according to a 2x3 Latin Square 
experimental design. Goats were individually fed three UIP 
levels of the experimental diets fbr the three different 
feeding periods. Each feeding period lasted fbr three weeks. 
On the final day of each feeding period, rumen content was 
sampled 4 h postprandial and strained through four layers of 
cheesecloth. After adding 20 ml of 25% H3PO4 solution 
(5:1) and centrifuging at 4,000 rpm fbr 20 minutes, the 
sample was then filtrated fbr analysis of total VFA, acetic, 

propionic, butyric, iso-butyric and valeric acids.

Analysis of feed and milk sample
The approximate analysis, calcium and phosphorus of 

feed were determined according to AOAC (1984). The milk 
fat, protein, lactose and total SNF compositions were 
analyzed through a milk scanner (Foss Electric Co., Milko 
Scan 255 A/B types) using the infra-red method of the 
AOAC (1984). Three-percent trichloroacetic acid (TCA) 
was added to the milk samples and centrifuged. 
Supernatants were used fbr urea-N analysis using an 
enzymatic kits from Sigma (Sigma diagnostic #535, Sigma 
Chemical Co., USA) and read at 540 nm according to 
method of Crocker (1967).

Analysis of blood sample
Serum urea nitrogen (BUN) was analyzed according to 

the colorimetric diacetyl monoxine procedure (DiGiorgia, 
1974) using an automatic blood chemistry analyzer (Vitros 
750XRC, J아uisoii & J아uisoii Co., USA). The serum total 
protein (TP) was taken using the direct biuret method 
according to Kronfeld et al. (1982). BUN, AST and TP 
were determined using blood biochemical analysis (Vitros 
750 XRC, J아uisoii & J아uisoii Co., USA).

Analysis of tot이 VFA
Ruminal total VFA concentration was assayed 

according to the modified method of Parker and McMillan 
(1976) and the individual VFA was determined according to 
Erwin et al. (1961) using gas chromatography (Varian 3400, 
USA). At the air injector, the column at temperature 170°C, 
H2 flow speed 35 ml/min, N2 flow speed 35 ml/min, air 
flow speed 470 ml/min, increasing the temperature 10°C 
per min in 128 mm x 0.01 V range, filler is polyethylene 
glycol 6,000.

Statistical analysis
Analysis of the variance was calculated with the 

General Linear Model (GLM) procedure of the Statistical 
Analysis System Institute Inc. (1988). Least square means 
was used to compare the difference in the treatment means.

RESULTS AND DISCUSSION

Performance
Table 2 presents the effects of different dietary UIP 

levels on the feed intake and lactating performance of the 
dairy goats. Dietary UIP level significantly influenced feed 
intake only on the early lactating goats (1st month) (p<0.05), 
but not in the later lactating period goats (2nd-4th month). 
Goats that received the low UIP diet had significantly less 
feed intake compared to the medium and high UIP groups 
in early lactation (p<0.05). These differences in feed intake
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Table 2. Effect of levels of dietary undegradable protein on 
the feed intake and the lactation performance for dairy 
goats____________________________________________

Item Low
UIP

Med
UIP

High 
UIP SEM

1st month postpartum 
DMI, kg/d 1.84c 2.36a 2.09b 0.107
Milk yield, kg/d 2.42c 3.04a 2.89b 0.062
Milk efficiency 1.31 1.29 1.38 0.071(milk/DMI)
Protein efficiency 8.22 8.05 8.64 0.107(milk/CPI)
Energy efficiency 0.78 0.77 0.82 0.083(milk/ NElI) 

2nd month postpartum 
DMI, kg/d 2.31 2.19 2.13 0.365
Milk yield, kg/d 2.82b 2.93a 3.04a 0.113
Milk efficiency 1.22 1.34 1.43 0.122(milk/DMI)
Protein efficiency 7.63 8.36 8.92 0.321(milk/CPI)
Energy efficiency 0.73 0.80 0.85 0.123(milk /NElI) 

3rd month Postpartum 
DMI, kg/d 1.92 2.18 2.39 0.275
Milk yield, kg/d 2.55c 2.96b 3.50a 0.171
Milk efficiency 1.33 1.36 1.46 0J63(milk/DMI)
Protein efficiency 8.39 8.49 9.15 0.178(milk/CPI)
Energy efficiency 0.78 0.81 0.87 0.115(milk /NElI) 

4th month Postpartum
DMI, kg/d 1.97 2.25 2.33 0.281
Milk yield, kg/d 2.56b 2.99a 3.26a 0.134
Milk efficiency 1.30 1.33 1.40 0.131(milk/DMI)
Protein efficiency 8.12 8.31 8.74 0.107(milk/CPI)
Energy efficiency 0.77 0.79 0.83 0.127(milk /NElD 

1st-4th month postpartum 
DMI, kg/d 2.01 2.25 2.24 0.174
Milk yield, kg/d 2.59b 2.97a 3.17a 0.103
Milk efficiency 1.29 1.33 1.42 0.162(milk/DMI)
Protein efficiency 8.09 8.30 8.86 0.067(milk/CPI)
Energy efficiency 0.77 0.79 0.84 0.079(milk /NElD 

Live-weight gain 
Initial weight, kg 64.2 61.5 62.50 1.625
Final weight, kg 65.80 63.60 64.20 1.192
Live-weight gain, kg 1.60 2.10 1.70 0.262

*Kb,c Mean of the same column within the same performance with
the different superscript were significantly different
(p<0.05).

DMI: Dry matter intake. CPI: Crude protein intake.
DM: Dry matter. MUN: Urea nitrogen concentration in milk.
BUN: Serum urea nitrogen concentration in blood.

may not result from a palatability problem because 
differences 5ily occurred during the 1st month of this 
feeding trial.

The dietary UIP level significantly influenced the milk 
yield of dairy goats during the entire four months feeding 
(p<0.05). Goats in the low UIP group produced 
significantly less milk than the medium and high UIP 
groups (p<0.05), but there was no significant difference 
between the med and high UIP groups. This result agreed 
with Hadjipanayiotou et al, (1988) and Ekem (1982) in 
dairy goats, Gonzale et al. (1982) in sheep, Orskov et al. 
(1981, 1987) and Oldham et al, (1981, 1985) in dairy cows 
that fed fish meal with a high UIP inclusion diet derived a 
positive response. Improvement in milk yield in the med 
and high UIP dietary groups indicated that early lactating 
goats required more undegradable protein supplementation 
to provide more metabolizable protein with a better amino 
acid balance (Mishra and Rai, 1996) to meet the high 
demands of the high milk yield.

Although the level of dietary UIP did not significantly 
influenced the milk production efficiency, it showed a trend 
toward better milk conversion efficiency per unit of feed, 
protein and energy intake in the four months feeding in the 
high UIP group. This result agreed with Zerbini et al. 
(1988) and Hongerholt and Muller (1998) that high- 
producing cows fed a high UIP diet had better efficiency in 
the early lactation stage. Hadjipanayiotou (1995) also 
derived a better milk yield and protein content result with 
soybeans with than without heat treatment in dairy cows. It 
appears that early lactating dairy goats with 2.5-3.5 kg 
production capacity will obtain efficient and high milk yield 
on diets with about 35-38% UIP in crude protein.

Composition of milk
Table 3 presents the effects of dietary UIP level on milk 

content and blood constituents. Dietary UIP levels 
significantly influenced milk fat content (p<0.05). The high 
dietary UIP group produced milk with significantly lower 
milk fat over the entire four months feeding period while 
the medium UIP group produced significantly lower milk 
fat o끼y in the 3rd and 4th months of the feeding period 
(p<0.05). Dietary UIP also significantly influenced milk 
protein content (p<0.05). It however influenced milk 
protein differently as compared to milk fat. High dietary 
UIP inclusion in the diet significantly increased milk 
protein (p<0.05) except fbr the 1st month of lactation. The 
medium UIP inclusion group produced significantly higher 
milk protein o끼y in the 3rd and 4th months of the feeding 
period (p<0.05). Both the medium and high UIP dietary 
groups produced higher milk protein over the entire feeding 
period compared to the low UIP group (p<0.05). In general, 
the milk protein level reflects the dietary energy intake in 
addition to the metabolizable protein intake in dairy cows. 
Milk protein lower than 3% normally indicates inadequate 
energy intake. If this is a true, then dairy goat on the
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Ta비e 3. Effect of the dietary levels of undegradable 
protein on the milk and serum composition fbr dairy goats 
Item Low UIP Med UIP High UIP SEM
1st month postpartum 
Milk fat, % 3.71a 3.62a 3.40b 0.103
Milk protein, % 3.03 은 2.84b 2.83b 0.052
SNF,% 8.44 8.35 8.26 0.476
MUN, mg/비 

2nd month postpartum
10.40b 13.39a 11.62b 0.855

Milk fat, % 3.79a 3.86a 3.40b 0.119
Milk protein, % 2.95b 2.94b 3.04a 0.037
SNF,% 8.13 8.36 8.56 0.108
MUN, mg/dl 

3rd month postpartum
13.09a 12.80a 10.87b 0.761

Milk fat, % 3.94a 3.78b 3.60b 0.017
Milk protein, % 3.07b 3.33a 3.29a 0.048
SNF,% 8.77 8.74 8.63 0.101
MUN, mg/dl 

4th month postpartum
11.92a 9.90b 10.40b 0.132

Milk fat, % 4.14a 3.51b 3.45b 0.095
Milk protein, % 3.13b 3.30a 3.37a 0.044
SNF,% 8.39 8.83 8.76 0.087
MUN, mg/dl 12.88 즈 10.97b 10.82 b 0.770

1st-4th month postpartum
Milk fat, % 3.90a 3.69b 3.46c 0.101
Milk protein, % 3.05b 3.10a 3" 0.013
SNF,% 8.43 8.53 8.40 0.058
MUN, mg/dl 12.07 즈 11.76b 10.92 bc 0.830

+a,b,c: Mean of the same row with different superscript were
significantly different (p<0.05).

MUN: Urea nitrogen concentration in milk; SNF: Solid non-fat.

medium and high UIP diets during the 1st month and those 
on the low and medium UIP in the 2nd month of lactation 
received an inadequate energy supply. All dairy goats in the 
3rd and 4th months of the feeding period received an 
adequate energy supply because they produced milk above 
3.0% milk protein content.

Rumen characteristics
Table 4 presents the effects of dietary UIP levels on the 

rumen characteristics. Dietary UIP level did not 
significantly influence most of the rumen characteristics 
except the ruminal ammonia-N concentration. The increase 
of UIP level in the diet significantly depressed ammonia-N 
concentration (p<0.05) in the rumen. The ammonia-N was 
significantly lowest in the high UIP compared to the other 
dietary groups. The concentration in the medium UIP group 
was still significantly lower than the low UIP dietary group 
(p<0.05). The low ammonia-N concentration in the high 
dietary UIP diet reflected a lower degradable protein, hence 
the lower ammonia-N available for microbial growth. 
Therefore adequate degradable and undegradable protein 
should be considered in fulfilling the requirements of 
lactating dairy goats.

Table 4. Effect of dietary levels of undegradable protein on 
the rumen characteristics in daily goats________________
Item — Low UIP fled UIP High UIP SEM
Rumen pH 
Total VFA

6.18 6.15 6.21 0.064

concentration 102.9 103.6 96.8 3.683
(m mole/L)

Acetate 
(molar %) 63.5 60.6 58.9 2.750

Propionate 
(molar %) 26.8 29.5 31.0 3.312

Butyrate 
(molar %) 6.4 6.5 6.1 0.216

Iso-butyrate 
(molar %) 2.5 2.0 2.9 0.512

Valerate 
(molar %)

Rumen NH3-N

0.9 1.4 1.1 0.412

concentration 53.la 49* 41.6C 1.213
§ng/dL) ______________________

砂也c. Mean of the same row with different superscript were
significantly different (p<0.05).

Blood constituents
Table 5 presents the effects of dietary UIP levels on the 

blood constituents. The dietary UIP level significantly 
influenced BUN and TP in the entire feeding trial (p<0.05). 
The low dietary UIP group showed a significantly higher 
BUN concentration as compared to the other dietary groups 
over the entire feeding period except in the 1st month of 
feeding. This indicates a low dietary undegrabable protein 
with a high degradable protein diet increased ruminal 
ammonia-N (table 4) and urea nitrogen levels in the blood 
of the low UIP group. The dietary UIP level significantly 
influenced the AST concentration except in the 4th month. 
Serum AST levels were higher in the low UIP group than 
the med and high UIP groups (p>0.05). By feeding diets 
with high crude protein, high UIP and lower energy, 
Sommer (1985) showed a raise in serum BUN level in dairy 
cows and Lee et al. (1995) in dairy goats. The high serum 
BUN found in the low UIP dietary group generally 
increases the liver load and resulted in a high AST level. 
High serum BUN also diffused into the milk and caused an 
significant increase in milk urea nitrogen levels, as shown 
in most of the feeding period except the 1st month of the 
trial (p<0.05) (table 3). This result matched the experiments 
of Gustafsson and Palmquist (1993) who showed serum 
urea diffused into the udder tissue at high BUN levels, and 
raised the urea nitrogen concentration in the milk. Urea 
nitrogen is therefore closely related in the serum and milk 
(Hwang et aL, 2000). The result of this trial agreed with 
Brun-Bellut et al. (1990) that increases dietary UIP levels 
decrease BUN and MUN in lactating goats.
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Table 5. Effect of dietary levels of undegradable protein on 
the serum composition for dairy goats
Item Low UIP Med UIP High UIP SEM
1st month postpartum
BUN, mg/dL 14.84b 17.71a 15.21b 0.663
AST, IU/L 92.2a 90.79a 79.5b 2.610
TP,% 7.15a 6.67b 6.40c 0.070

2nd month postpartum
BUN, mg/dL 17.46a 15.68b 16.57b 0.390
AST, IU/L 105S 96.30b 83.34° 4.580
TP,% 7.27 건 6.60b 6.82b 0.095

3rd month postpartum
BUN, mg/dL 17.89a 14.57b 14.90b 0.673
AST, IU/L 86.7a 86.7b 75.00b 4.930
TP,% 7.51a 6.77b 6.50b 0.076

4th month postpartum
BUN, mg/dL 17.84 즈 14.11b 14.68 b 1.050
AST, IU/L 87.55 86.94 85.00 4.120
TP,% 7.64a 6.77b 6.81b 0.075

1어 一 4山 month postpartum
BUN, mg/dL 17.00a 15.52b 15.34b 0.085
AST, IU/L 92.53 86.46 84.43 4.060
TP,% 7.39a 6.70b 6.60b 0.079

Mean of the same column within the same perfbrmance with 
the different superscript were significantly different (p<0.05). 
BUN: Serum urea nitrogen concentration.
AST: Aspartate amino transferase. TP: Tot히 Protein.

CONCLUSION

High and med dietary UIP increases milk yield and milk 
protein concentration and decreases the ammonia nitrogen 
concentration in the rumen, and the urea nitrogen in the 
serum and milk. Therefore the liver load is decreased to 
metabolize ammonia into urea. Appropriate increase in 
dietary undegradable protein levels can improve lactation 
performance and health in dairy goats.
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