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Effects of Dietary Protein Sources on the Rumen Microorganisms and
Fermentation of Goats
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Abstract: The objectives of this study were to investigate how rumen fermentation, microbial community and
Microbial Protemn (MCP) yields changed with dietary protemn. Experiments were conducted using four goats
fitted with rumen cannula in a 4x4 Latin square design. Experimental diets were divided into 4 groups according
to their mitrogen source, which was feather meal (A), corn gluten meal (B), soybean meal (C) and fish meal (D),
respectively. The results showed that the mean pH value of group A and C were high, the reverse was true
for group B and D (p<0.05); the change patterns of pH with time differed from each other although,
the mean pH value of group A and C (B and D) seemed to be similar. Concentration of NH,-N ranged between
6.77-21.67 mg/100 mL, the lowest average NH,-N concentration (11.08 mg/100mL) was observed in feather meal
supplemental diet (A), while, the highest peak occurred in soybean meal supplemental diet (C) (15.04 mg/100
mL). No sigmficant difference was detected n VFA concentrations among groups, except for valeric acid. Yields
of microbial protein also varied with diets; microbial protein of the group C and D were comparatively higher
than that of the group A and B (p<0.05); while, bacterial protein yields of group C was sigmficantly higher than
that of other 3 groups, protozoa to bacteria ratio was also lowest in group C. Further genetic fingerprint analysis
revealed that microbial profile was modified by dietary protein within bacteria or protozoa community. It was
concluded that rumen fermentation, microbial profile and mumen microbial protein could be modified properly

by dietary protein
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INTRODUCTION

Intestinal supply of amino acids i rummants mamly
arises from two sources: dietary protein, which escapes
ruminal degradation and microbial cells, which flow out of
the reticulo-rumen. Utilization of protein sources resistant
to ruminal degradation has often been studied as a
strategy for increasing postruminal protein supply to the
host (Sterm ef al, 1983; Santos et al., 1984). Great
differences can exist in various feed protein in the
contents of ammomia-N, peptides, free AA, amides,
nucleotides and  other nitrogenous  compounds
(Givens and Rulquin, 2004, Yan and Agnew, 2004), as well
as the degradability of feed protein. This, in turn affects
the microbial commumity (Cone et af., 1999), such as, the
protozoa to bacteria ratio, the profiles of protozoal or
bacterial commumity, etc. and then might affect rumen
inner circumstance and metabolism of nutriment
subsequently (Ipharraguerre and Clark, 2005; Yu, 2005)
and influence the efficiency of dietary protein utilization
and the performance of ruminant ammals, resultantly
(Bach et al., 2005). A number of dietary variables clearly

influence on ruminal mtrogen metabolism (@rskov and
Shand, 1997; De Boever et al., 2004; Tkhimioya et al.,
2005). Effects of altering intact protein contents supply
due to dietary protein source and structure changes on
microbial fermentation, especially protozoa and bacterial
community composition 18 unclear. In this study, total
mixed ration offered with four different sources of protein
with different structure and degradability, were used,
adopting to 4x4 Latin square design, this study was
designed to evaluate the effects of four various intact
protemn sources on the fermentation and protein synthesis
of ruminal microbes and to demonstrate the characteristics
of rumen micro-ecosystem using a fingerprint techmque,
single-strand conformation polymorphism. This study
also hopes to offer some reference for mproving the
protein utilization of ruminant animals.

MATERIALS AND METHODS

Animals and diets: This experiment was conducted at the
Experimental farm of Yangzhou University, Yangzhou,
China and was approved by the Yangzhou University
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Table 1: Composition and nutrient level of the experimental diet

Ingredient (gkg™!) A Feather meal B Corn gluten meal C Soybean meal D Fish meal
Corn 254.70 240.00 209.40 237.30
Protein supplement 45,30 60.00 90.60 62.70
Urea 3.40 3.40 3.40 3.40
Dicalcium phosphate 3.60 3.60 3.60 3.60
Salt 3.40 3.40 3.40 3.40
Premix! 2.60 2.60 2.60 2.60
Straw 687.00 687.00 687.00 687.00
Total 1000.00 1000.00 1000.00 1000.00
Nutrient level®

Metabolism energy (MJ kg™ 8138 6.72 7.59 714
Dry matter (%5) 91.10 89.67 89.80 90.70
Crude Protein (CP) (DM%b basis) 10.89 10.88 10.65 10.96
Ca (%) 0.43 0.48 0.46 0.53
P (%0) 0.28 0.27 0.25 031
Ca/P 1.54 1.78 1.84 1.71
(SC)? Structure Carbohy drate (26) 43.40 43.69 43.51 43.26
(NSC)* Non-Structure Carbohydrate (%6) 35.87 35.43 34.71 34.50
SC/NSC 1.21 1.23 1.25 1.25

'The composition of premix: FeSQ,»7TH,O 170 g kg™"; CuS0,*5H,0 70 g kg™'; MnSQ,+5H,0 290 g kg™!; ZnS0,7H,0 240 g kg™!; CoClL+*6H,0 510 mg
kg™'; KI 220 mg kg™!; Na;SeO; 130 mg kg%, VAL 620, 000 IU kg™!; VD3 324, 000 IU kg™%; VE 540 IU kg™'; VK3 150 mg kg™ !; VB1 60 mg kg™!; VB2
450 mg kg™'; VB12 0.9 mg kg™!; VBS 1, 050 mg kg™'; Pantothenic acid calcium: 750 mg kg™'; Folacin 15 mg kg™!; 2Analyzed value; >$C = NDF-NDFN;

NSC = 100-(NDF+CP+EE+ASH-NDFN)

Animal Care Committee. Four yearlings Xuhuai goat
wethers with an initial Body Weight (BW) of 26.241.6 kg
and fitted with rumen cannulas were used. The diet
formulas used were showed in Table 1 and divided mto A
(Feather meal), B (Com gluten meal), C (Soybean meal)
and D (Fish meal) groups according to their nitrogen
source. Amounts of energy offered were calculated to
meet energy requirements recommended by National
Research Council (NRC, 1981). The goats were fed
experimental diet at 1.2 times their Metabolizable Energy
(ME) requirement for Mamtenance (1.2 M). The amumals
were given in equal meals per day at 8:00 and 20:00; they
also had free access to clean drinking water.

Sampling and procedures: The animals were randomly
assigned to four dietary treatments in a 4x4 Latin square
design. Each experimental period consisted of a 14 day
preliminary period and then followed by 7 days for
sampling. Approximately 10 mL digesta mixture was talen
from rumen at an interval of 2 h on the first day
(8:00,10:00,12:00,14:00, 16:00,18:00, 20:00, 22:00, 0:00,
2:00, 4:00 and 6:00, respectively) by using stomach tube.
After collection, pH value and ammoma nitrogen
concentration was tested immediately. Approximately,
100 ml, mixture was obtained from rumen during the
followed consecutive & days, the sampling time was set to
8:00, 11:00, 14:00, 17:00, 20:00, 23:00, 02:00 and 05: 00,
respectively for each day, respectively. After fully mixing,
approximately, 600 mL of well-mixed liquid effluent was
stored at -20°C for microbial isolation and the coming
analysis.

Rumen fermentation parameters: Ruminal pH value was
measured immediately with a standardized laboratory
pH meter (pHS-3C, Huanyu Comp., Jingtan, China) at each

sampling time point. Ammonia N concentration was
determined by the colorimetric spectrophotometric
method (Chaney and Marbach, 1962). The method of
protein degradability, in vitro culture was described by
Tilly and Terry (1963).

Samples of strained ruminal fluid were acidified with
2 mL 6N HCI for analyses of Volatile Fatty Acids (VFA),
the concentration of VFA were determined with Gas
Chromatography (GC) by the method proposed by
Dehority et al. (1967), a series of standard solutions were
prepared (Acetate, 57.27 mmoel mL™'; Propicnate,
53.63 mmol mL™", Isobutyric acid, 3.29 mmol mL™",
Butyrate 1 7.57 mmol mIL ™", Tsovaleric acid 3.67 mmol mL. ™",
Valeric acid 4.61 mmol mL™") and the concentration of
internal standard (Crotonic acid) solution added was
10 mM.

Microbial separation and microbial protein: Microbe was
1solated from rumen samples using a modification method
based on the works described by Wang et of. (2008). For
protozoa fraction, the whole sample was diluted in 0.85%
of equality volume saline solution and incubated for 1 h
in a shaking water bath (125 r min™") at 39°C, whisking
contimiously and then squeezed through four layers
of surgical gauze. The mixture was then centrifuged at
750x g for 5 min at 4°C and pellet thus obtained as
protozoa, subsequently washed twice by saline solution
and re-suspended using the same solution n a volume
equivalent to the original. For bacteria fraction, the
suspension was collected from the above centrifugation
and further centrifuged at 22, 000x g for 15 mmn at 4°C to
harvest bacteria, followed by the same steps as protozoa.
Microbial true protein was determined by a
Trichloroacetic Acid (TCA) precipitation method.
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PCR-SSCP, SSCP fingerprint analysis and statistical
analysis

DNA extraction: DNA was extracted from samples as
described by Zhou et al. (1996) with slight modifications,
using 2% CTAB (100 mmeol L™ Tris-CL; 50 mmel L™
EDTA; 2% CTAB), 2% SDS and Protemase K (working
concentration: 100 ug mL ™). The sample allowed to thaw
at 55°C for 2 h firstly and then frozen at -20°C for 2 hto
disrupt cell wall. Then, the DNA was extracted by phenol
and chloroform. The molecular size of DNA was checked
using 0.7% agarose gels and the quantity and quality of
DNA samples were assessed by spectrophotometry.
Polymerase chain reaction: Bacterial V3 primer used was
F338: 5°CCT ACG GGA GGCAGCAG 3°(S-D-B-338-a-S-
17 and R518 5' ATT ACC GCG GCT GCT GG 3’ (5-D-B-
518-b-A-17) according to Muyzer et al. (1993). Polymerase
cham reactions were performed on automated PCR system
9600 (Applied Bio-systems, USA), ready-to-use Kit was
used as instructed by user’ guide. The 50 pLL PCR reaction
mixture contained DNA template 1 ul., 1 uL of each primer,
25 pl. PCR master, 22 ul, distilled H,O. PCR amplification
was then done at 33 cycles consisting of 94°C for 50 sec,
54°C for 40 sec, 72°C for 45 sec and final extension 72°C
for 5 min. The size of DNA fragment by PCR was checlked
using 2% agarose gel. Protozoal ITS1 primer was designed
based on the rDNA sequences of protozoa from
Genebank as follows, F1738: 3 AAC AAGGTT TCC GTA
GGT 3 eand R1951: 5 ACT TCG CTG CGT TCT TCA 3. The
50 pL PCR reaction mixture contained DNA template 1 pL,
1 pL of each primer, 25 uL. PCR master and 22 L dH,O.
The PCR amplification using condition: imitial heating
94°C for 3 min, 35 cycles consisting of 94°C for 50 sec,
52°C for 45 sec, 72°C for 45 sec and final extension 72°C
for 5 min. The size of DNA fragment was checked using
2% agarose gel.

Single-Strand-Conformation Polymorphism (SSCP):
Before analysis by SSCP, 10 pL of denaturing loading
buffer (95% formamide, 10 mM NaOH, 0.025%
bromophenol blue and 0.025% xylene cyanol) was added
to 10 uL PCR productions. The mixture was heated in a
boiling water bath for 10 min and coeled on ice for another
10 min. SSCP analysis was carried out as follows: A gel of
12% concentration, 16 c¢m length and 10.5 cm width and
1 mm thickness was prepared. Electrophoresis was
performed at 4°C at 150 V for 30 min, then 80 V for 16 hiin
a running buffer of 1x TBE. For community analysis, the
gels were digitized to tagged image file format. The lanes
were normalized, only bands with intensity of 2% or more
of the total mtensity per lane were considered in statistical
analysis. In order to compare the similarity degree of

DNA fingerprint profile between samples, Jaccard index
(31) was calculated using the equation presented bellow
Wang et al. (2008):

Si = jlab)

where:

i = Number of bands common to each sample
a = Number of bands umque to first sample

b = Number of bands unique to second sample

The resulting coefficient can be multiplied by 100 and
expressed as a percent. For example, a coefficient of 0.60
can be expressed as 60% similar or 40% dissimilar.
Practically speaking, a score of 0.60 means that searching
in only one of the 2 samples would result in overlooking
40% of the umque sources.

Statistical analysis: Data manipulation was being done in
Excel and statistical analysis was carried out using the
software SPSS for Windows (v 11.5). The difference
between treatments means was measured by least
significant difference.

RESULTS

Ruminal pH-value and NH,-N concentration: Ruminal
pH-value range throughout the sampling period was
maintained between 5.60 and 6.80 and the mean pH value
of group A and C were high, the reverse was true for
group B and D (p<0.05) as presented in Table 2 and
Fig. 1. The daily variation patterns of pH value were
clearly illustrated by Fig. 1. It 1s worth mentiomng that pH
value decreased after feeding 1-2 h and dropped to their
lowest value at 4 or 6 h and then increased slowly until
the next time's feeding. It was however noted that slight
fluctuations of pH occurred m groups A, with
comparisons to those exhibited by the groups B, C and D
and fluctuation at the high value zone.

As Fig. 2 shown, the continuous recording of NH;-N
concentration ranged between 6.77-21.67 mg/100 mL. It
was observed that group A, interpreted the lowest
average NH,-N concentration (11.08 mg/100 mL),
while, group C, demonstrated the highest peak
(15.04 mg/100 mL). As Fig. 2 shows NH,-N concentration
of all groups increased in the post-feeding period for
2-4 h and after reaching a maximum at 2 h, excepting group
B (4 h); then gradually decreased to reach a minimum 4 or
6 h later, after which 1t rose again to its previous level. It
was note that group D reached its mimimum at 6 h after
feeding, which was the earliest among 4 groups. The
variation patterns of NH;-N concentration after the
second meal were similar to those observed for the first

feed.
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Table 2: Effects of different dietary protein on fermentation and microbial protein in the numen

Ttems A Feather meal B Com gluten meal  C Sovbean meal D Fish meal Mean SEM p-value
Bacterial protein (mg mL™) 5.5312+£0.2730%  5.8509+0.1400% 7.7086+0.3412°  6.9389+0.1736°  6.5074+£0.9228 0.1734 0.000
Protozoal protein (mg mL™") 5.2348+£0.2461%  5.5106+0.17314 6.2652+0.28328  6.4963+0.12898  5.8767+0.5707 0.1530 0.000
Microbial protein (mg mL™") 10.7659+0.5149* 11.3615+0.3111* 13.9737+0.6243%  13.435240.3000F 12.3841£1.4539  0.3255 0.000
Protozoa/Bacteria ratio (P/B) 0.94.66=1.2073  94.17+0.89352 81.27+0.1763* 93.63+0.71082 90.93+5.8212 0.5900 0.000
pH value 6.27+0.228 6.2040.41* 6.27+£0.32" 6.19+0.31% 6.23+0.32 0.0289 0.000
NH;-N concentration (mg/100 mL) 11.08+2.044 12.06+2.18% 15.04+2.628 14.28+3 407 13.12+43.05 0.5447 0.027
Protein degradability 0.33940.26"8 0.333+0.11* 0.449+0.14° 0.38340.40%2¢ 0.376+0.53 0.0255 0.031

Microbe: The sum of protozoa and bacteria; Protozoa to Bacteria ratio (P/B): The ratio of protozoal protein to bacterial protein. The same superscript within
The same row indicated that the means were not significantly different (p>0.03); Neighbor letters indicated that the means were significantly different (p<0.03);

Parted letters indicated that the means were extremely different (p<0.01)
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Fig. 2: Change pattern of NH;-N concentration with time

Volatile Fatty Acid (VFA): The pre-and-postprandial
variations total VFA (volatile fatty acid) concentration
and main proportion of acetate, propionate, isobutyric
acid, butyrate, isovaleric acid, valeric acid were given in
Table 3. Table 3 shows the total VFA concentration in the
rumen fluid ranged from 74.88-8634 mM. The
concentration of most VFA profiles and total VFA were
not affected by dietary protein and time interval, except
for a variable valeric acid proportion with dietary protein
source (p<0.05). The valeric acid proportion of group B
was higher than that of group C and D and no valeric acid
was detected in group A. Interestingly, no isobutyric acid
and 1sovaleric acid were detected 1 all the four groups
of experiments. Thus, the VFA m the effluent mainly

consisted of acetate, propionate and butyrate, accounting
for >97% of total VFA and other VFAs was detected at
low concentrations (Table 3). Additionally, the acetate to
propionate ratio varied significantly with treatment of
groups, the lowest ratio was found n group D.

The pattern of acetate, propionate, butyrate, valeric
acid were quit similar to that of TVFA production at
different sampling time, they increased rapidly after
feeding and reached the highest peak at 2 h or 4 h
postprandial and then began to decrease gradually till the
second meal (Fig. 3-8). The proportion of VFA profiles did
not considerably different among treatments at each
sampling time, excepting for valeric acid. The valeric acid
was sigmficantly lower for group B than for group C and
D during the whole day.

Microbial production and Protozoa to Bacteria ratio
(P/B): Table 2 and Fig. 9 show that microbial production
was wide differences among groups (A, B, C, D) and
microbial yields of the group C and D were comparatively
higher than that of the group A and B (p<0.05). It was
obviously noted that the microbial yield of group C and D
seemed to be more similar, while, bacterial protein yield of
group C was significantly mgher than that of group D and
higher than that of other 3 groups as well. From Table 2,
1t was also observed that the protozoa to bacteria (P/B)
ratio were greatly variable with treatments, the lowest P/B
ratio was found in group C (p<<0.03).

SSCP fingerprint analysis: The results of photometry
showed that OD260/0D280 of DNA ranged from
1.68-1.91; results of agarose gel whose concentration was
0.7 and 2% showed that the sizes of the extracted DNA
were >20 kb and the sizes of PCR amplified DNA
fragments were about 0.2 kb, respectively.

For the bacterial SSCP fingerprint (Fig. 10), there was
atotal of 18 clear bands and 11, 13, 13 and 12 bands were
detected m group A, B, C and D, respectively and the
fingerprint characteristic of each group differed from each
other. The 1st, 5th and 16th peculiar band were found in
group A and D, but not in group B and C; while, the
2nd peculiar band was found ingroup B, the 7 and 17th
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Table 3: The VFAs production in the rumen under different dietary protein {(mmol/1.)

Ttems A Feather meal B Com gluten meal C Saybean meal D Fish meal F p-value
Oh 78.33+£5.98 79.63+7.65 81.49+8.54 80.54+7.89 0.127 0.942
2h 82.25+6.63 82.11+6.95 87.01+7.53 86.34+7.35 0.536 0.666
4h 79.54+6.87 83.52+7.81 82.74+8.79 84.42+7.94 0.290 0.832
6h 82.04+6.65 82.03+8.20 84.32+9.33 83.39+8.28 0.076 0.972
8h 78.36+6.05 79.74+7.81 83.30+£10.13 80.97+8.03 0.265 0.849
12h 76.95+5.88 79.00+8.16 80.32+8.94 79.73+£7.33 0.147 0.929
14h 81.76+5.95 82.18+7.76 83.77+8.50 84.78+7.27 0.081 0.959
16h 82.96+6.40 84.56+8.26 84.33+8.96 86.30+7.79 0.120 0.947
22h 74.88+6.53 77.5348.41 82.00+9.18 80.83+8.73 0.609 0.622
Average 79.67+6.16 81.15+7.27 83.25+8.03 83.03+7.31 0.130 0.941
VFAs concentration
Acetate 51.93+2.58 52.63+3.74 51.14+3.86 50.77+4.32 0.225 0.877
Propionate 15.46+1.82 15.4342.43 16.9342.22 17.75+1.76 1.121 0.379
Butyrate 12.29+1.99 11.92+1.73 13.11+2.62 12.63+1.64 0.253 0.857
Valeric acid - 1.16+0.01* 2.07+0.03" 1.88+0.028 19.767 0.001
Acetate/propionate 3.36+0.23% 3.41£0.30* 3.024+0.22% 2.86+0.098 5.457 0.013
VFAs percentage (%)
Acetate 65.18 64.87 61.41 61.16 - -
Propionate 19.39 19.01 20.34 21.37 - -
Butyrate 1543 14.69 15.76 15.21 - -
Valeric acid - 1.43 2.49 2.26 - -
901 361
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Fig. 3: Change pattern of TVFA in rumen with time
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Fig. 4: The profiles of VFASs in rumen

peculiar band were found in group C and so forth. Tt was
also observed that the grey degree of some bands were
different between groups, for the instance, the 16th band
of D was brighter than that of A, while, the 18th band of
C was more intense than that of B. From Table 4, it was
clearly that band-based similarity coefficients between

)
Fig. 5: Change pattern of acetate with time
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Fig. 6: Change pattern of propionate with time

any two gel band patterns were widely different. So, the
results indicated that bacterial composition was modified
by dietary protein.

For the protozoal SSCP fingerprint (Fig. 10), there
were 20 clear bands in total. About 13, 12, 12 and 12 bands
were detected 1 group A, B, C and D, respectively and
the characteristics of SSCP fingerprint in each group
differed from each other. For examples, the 7th and 13th
peculiar band were found in group A, B and C, but not in
group D; the other way round, the 1st, 4th and 5th
peculiar band emerged in group D. The similarity

coefficient between SSCP band patterns were also
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16 Table 4 Matrix of kindred index of microbes
141 Coefficients B c I
124 m Bacteria
o A 0.333 0263 0.917
", 107 B - 0733 0.389
% 6- —o— A (Plums meal) Protozoa
~ 4 —&— B (Corn ghaten meal) A 0733 0.667 0.471
—i— C (Soybean mesl) B - 0.600 0.263
21 =8~ D (Fish meal) < - 0412

0 2 4 6 8 13,) 12 1416 22 different (Table 4). Took an example, there was a higher
similarity between groups A and B (0.733), compared to

Fig. 7: Change pattern of butyrate with time similarity relation between A and C (0.667). Furthermore,

2 50 the grey degree of certain bands was different between
| groups, such as the 13th band. In a word, protozoal
Q 2.00 m profiles were subjected to dietary protein.
= 150
ﬁl o] T DISCUSSION
—¢— B {Com ghuten meal)
001 Igm%‘w) Rumen pH: Rumen fluid pH nomally has maintained
0.00 R AR TR stable range between 6 and 7, otherwise may be affected
) by saliva, diet and ruminal degradation products etc.

Meanwhile, rumen pH also has profound effects on the
microbial flora and the mmen fermentation. So, rumen pH
16 DBecierial protein value is a colligation index reflecting microbial activity and
OProtozosl protein fermentation condition in the rumen. NRC (1991)

Fig. 8: Change pattern of valeric acid with time

14 suggested that if pH dropped to about 6.20, microbial
121 g o populations became markedly depressed due to acid
10 & d 3 intolerance. And micro-organisms thrived in rumen above
E 8- g bl pH 5.70, which suitable for microbial growth. In our study,
g 6 i pH-responsive behavior had also been characterized with
N o 0 2 relatively great fluctuation ranged between 5.60 and 6.80;
47 = 2 % g they were however, all within the desired range for

24 wi i

microbe’s growth. The mean pH of group soybean meal
0 I y T ; and feather meal, corn gluten meal and fish meal seemed
@y @9&@ 40‘0 €§ to be similar, whereas the change pattems of pH value of

@ ® Q’co@ Qoﬁ group soybean and feather meal, corn gluten meal and
fish meal were quite different. So, for objective evaluation
Fig. 9: The biomass of bacteria and protozoa in rumen of rumen pH, it is necessary to combine the mean value
and the dynamics of pH. For instence, a large extent of
decline was found in soybean meal, compared with feather

! 1

2 2
3 3 meal possessed the same pH means, the most probable
i i reasons was estimated as follows. Soybean meal provided
; 6 an excess metabolizable protein mass, according to the
; ; Comell Net Carbohydrate and Protein System (CNCPS),
5 5 compared with other sources of protein. Thus, it
10 10 was easy to degrade within the rumen NRC (2001),
i; i; Rumen-Degraded Protein (RDP) was important to increase
13 13 overall microbial growth, subsequently simulated the
14 1? fermentation of carbohydrate, corresponding with the
13 16 faster pH decline; While, feather meal contained low
. i; concentrations of RDP and inadequate for the amount
18 18 needed by microbial growth and fermentation and showed
0 that a slight drop of the pH resultantly. In addition, these
pH results also agreed well with the TVFA production of

Fig. 10: The results of SSCP test in microbes current study.
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NH,-N concentration: NH;-N concentration is an indicator
of the protein degradation and the ammonia usage by
rumen microbes. In current study, the change range of
NH,-N concentration was from 6.77-21.67 mg/100 mL in
the ruminal fluid, with all of them falling within the
range suitable for microbial growth (6-30 mg/100 ml.)
(Devant ef al., 2000). The mean NH,-N concentration of
group soybean and fish meal were higher than that of
group plume and corn meal and indicated that dietary
protein in the latter two groups were easy to degrade in
rumen, attributing to the differences in structure and
degradability of different protem sources (NRC, 2001).
This was also in agreement with the degradation results
of protein in present research. Moreover, corn meal came
to the top pomt at 6 h, little later than other 3 groups; the
probable reason was estimated as follows. The com
gluten meal contained less soluble proportion than other
proteins; the degradation rate of digestible true protein
was also slower than that of other proteins. So, com
gluten meal showed extremely slow release of ammoma.
Thus, the corn gluten meal might reach its peal value of
NH,-N concentration late. However, NH,-N concentration
of fish meal decreased sharply after its peak and reaching
its lowest value firstly. The main reason was that the
degradation rate of true protein fraction in fish meal was
comparatively slow and couldn't match to the speed of
ammonia utilization by microbes. This consequently, made
a more rapid decline in NH.-N concentration.

Diets might influence NH,-N concentration through
manipulating microbial flora (Ivan et al., 2000), because
great differences might exist between microbial species in
deaminase activity. Wallace ef al. (1996) considered that
deaminase activity of M. elsdenll, P. Ruminicola were
much lower than that of Peptostreptococcus, C.
aminophilum; E. caudatum and E. simplex ciliate had high
deaminase activity (Forsberg et al., 1984; Lockwood et al.,
1988). The other way round, Tsotiicha ciliate could
lower the concentration of NH.,-N in the rumen. The
higher NH,-N concentration was observed i soybean
meal supplemented treatments, but lower in fish meal in
current study. The probable reason behind this might be
that soybean meal group had big populations of
Peptostreptococcus and Entodmium, or small populations
of M. elsdenll and Isotiicha, compared to fish meal group.
Furthermore, in cwrrent research, the structural diversity
of both the bacteria and the protozoa was monitored by
SSCP, single-strand conformation polymorphism, showed
that the community composition of microbe, mcluding
bacteril and protozoa, were modified by dietary protein
and certain bands emerged as dominant bands and
peculiar bands under given protein. But what species they
were, was still not very clear before conducting further

investigation in this research. If the bands were
sequenced, the species could be identified according to
the sequencing information.

Volatile fatty acids: Volatile Fatty Acids (VFA's) are
produced in large amounts through ruminal fermentation
from carbohydrate and are of paramowunt importance in
that they provide >=70% of the ruminant's energy supply
(Takagi and Block, 1991). VFA mixture consist of a large
percentage of acetic, proprionic and butyric acids,
accounting for 95% and a small percentage of sobutyric
acid, 1sovaleric acid and valenic acid. It 1is possible
to improve energy utilization efficiency, through
controlling diet, because VFA profile is associated with
diet (Wanet al., 2003; Wang ef al., 2005). Han ef al. (2002)
reported that rumen low-degradability protein or rumen
bypass protein supplement could increase the amounts of
utilizable protein in small intestine and this would increase
the disposition of dietary protemn mto body stores and
promote gluconeogenesis of glucogenic ammo acid, led
to increased NADPH production, resultantly improve
energy conversion efficiency of roughage diet with the
main end-product of VFA being acetate. Tan and Lu
(2000) reported that a fish meal based supplement
increased the percentage of proprionic acid and dynamic
degradability of straw cellulose. Current research also
found a lower actate to proprionmic ratio m fish meal
group, agreeing with Tan and Lu (2000). Differences in
the fermentation pattern of the rumen contents could be
reflected in the VFA profile (Martyx and Demeyer, 1973).
In this research, the concentrations of total VFA and most
of VFA profiles were little difference across groups, this
meant that VFA did not alerted greatly by dietary protein.

Synthesis of MCP: Many experiments showed that
synthesis of microbial protein was affected by dietary
protein (Tigemeyer et al., 1989, Cecava et al., 1991;
Ludden and Cecava, 1995). Ipharraguerre and Clark (20053)
suggested that the degradability of dietary protemn might
modulate the MCP outflow, resulted in the change of
animal performance. In vitro experiment by Li (2001)
revealed that bacterial protein yields of soybean meal and
fish meal were lugher than that of feather meal. Sunilarity,
the in vivo experimental results described by Wang et al.
(1999) showed that blood meal decreased the microbial
nitrogen flow into the duodenum of sheep and host
productivity, the authors attributed to the structure of
blood protem, which contamning low content of degraded
portion and resultantly leading to low efficiency of MCP
synthesis in rumen. This research revealed that microbial
protemn of soybean meal and fish meal was much higher
than that of the feather meal and com gluten meal,
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conforming to previous reports described above.
Furthermore, the bacterial protein yield of soybean meal
was significantly higher than that of fish meal, whereas,
the MCP yields of soybean meal and fish meal were
similar. The variations in synthesis of microbial protein
might be explained by the special structure of different
feed proteins and the specific metabolic characteristics of
different microbes. For example, protozoa had a remarkable
ability to degrade particle protein, including bacteria,
fungi, or feed undegraded protein particle etc., while,
bacteria was liable to degrade soluble protein Just
coincidently, the rumen degradability of soybean meal
was higher than that of fish meal, more suitable for
bacteria growth and led to a low P/B ratio in soybean
meal,

CONCLUSION

The dietary protein had great effects on rumen
fermentation pattern;, nevertheless it did not strongly
affect the VFAs. Dietary protein has a great impact on
microbial protein synthesis and microbial community
structure. Further sequencing experiments of SSCP band
sequences would help to identify the main species within
bacterial and protozoal community.

ACKNOWLEDGEMENT

Current research is a part of project (No. 30771567),

which supported by National Natural Science Foundation
of China (NSFC).

REFERENCES

Bach, A, S. Calsamiglia and M.D. Stern, 2005. Nitrogen
metabolism in the rumen. J. Dairy Sci., 88: E9-E21.
http://jds.fass. org/cgi/reprint/88/e_suppl 1/E9.pdf.

Cecava, M.T., N.R. Merchen, L..I.. Berger, R.1. Mackie Jr.
and G.C. Fahey, 1991. Effects of dietary energy level
and protem sources on nutrient digestion and
ruminal nitrogen metabolism in steers. I. Anim. Sci.,
69 2230-2244. http:/jas.fass. org/cgi/reprint/69/5/
2230.pdf.

Chaney, A L. and E.P. Marbach, 1962. Modified reagents
for determination of urea and ammonia. Clin. Chem.,
8 130-132.  http/Awww.clinchem. org/cgi/reprint/
8/2/130.

Cone, JW., A H. Van Gelder, L A. Soliman, H. De Visser
and A M. Van Vuuren, 1999. Different techniques to
study rumen fermentation characteristics of maturing
grass and grass silage. J. Damy Sci., 82: 957-966.
http://ds.fass.org/cgi/reprint/R2/5/957 pdf.

De Boever, I.1., IM. Vanacker, L..O. Fiems and D.L. De
Brabander, 2004. Rumen degradation characteristics
and protein value of grassland products and their
prediction by laboratory measurements and NIRS.
Anim. Feed Sci. Technol., 116: 53-66. DOL: 10.1016/].
anifeedsci. 2004.04.005,

Dehority, B.A., HW. Scotr and Patricia Kowaluk, 1967.
Volatile fatty acid requirements of cellulolytic rumen
bacterial. I. Bacierio, 94 (3): 537-543. hitp://www.
pubmedcentral nih. gov/articlerender. fegi?artid=251
919.

Devant, M., A. Ferret, J. Gasa, S. Calsamiglia and
R. Casals, 2000. Effeects of protein and degradability
on performance, ruminal fermentation and nitrogen
metabolism in rapidly growing heifers fed high-
concentrate diets from 100-230 kg body weight. T.
Anim. Sci., 78: 1667-1676. http://jas.fass.org/cgi/
reprint/78/6/1667 pdf.

Forsberg, C.W., LK. Lovelock, L. Krumholz and
1.G. Buchanan-Smith, 1984. Protease activities of
rumen protozoa. Applied Environ. Microbiol.,
1: 101-110. http:/Asrww pubmedcentral nih.gov /article
-render. fegi1?artid=239620.

Givens, D.1. and H. Rulquin, 2004. Utilisation by ruminants
of nitrogen compounds in silage-based diets. Anim.
Feed Sci. Technol., 114: 1-18. DOI: 10.1016/j.am-
feedsci.2003.09.005.

Han, JF., RG. Tu, Y.E Ba, H I Hisao, Itabashi and
I.. Gao, 2002. Effects of rumen-bypass protein and
propylene glycol on rumen fermentation, milk
production and its components in dairy cows. Amm.
Husbandry Vet Med., 34 (3): 11-13 (in Chinese).
http:/Aararw. cqvip.com/gle/951 29%/20023403/60668 7
8.html.

Iklumioya, I, O.A. Isah, U.T. Ikhatua and M.A. Bamikole,
2005. Rumen degradability of dry matter and crude
protein in tree leaves and crop residues of humid
Nigeria. Pak. J. Nutr, 4 (5): 313-320. http://www.pjbs.
org/pjnonline/fin330.pdf.

Ipharraguerre, IR, and J.H. Clark, 2005. Impacts of the
source and amount of crude protein on the intestinal
supply of nitrogen fractions and performance of
dairy cows. J. Dawry Sci., 88 (E. Suppl.): E22-E37.
http://jds. fass. org/egifreprint/88/e_suppl 1/E22.

Ivan, M., L. Neill, R. Forster, R. Alimon, L. M. Rode and
T. Entz, 2000. Effects of isotricha, dasytricha,
entodinium and total fauna on ruminal fermentation
and duodenal flow in wethers fed different diets. T.
Dairy Sci., 83: 776-787. http://jds. fass.org/cgi/reprint/
83/4/776.

1399



J. Anim. Vet Adv., 8 (7): 1392-1401, 2009

Li, L., 2001. Influence of Peptides on Ruminal pH,
of NH,-N, Bacterium Protein
Production, Neutral Detergent Fibre Degradation and

Concentration

Gas Producton in vitre [D]. Imner Mongolia
Agricultural  University, TInner  Mongolia.
http:/fwww. inwentianxia. com/product. s£.3700868.1.

Lockwood, B.C., GH. Cecombs and A.G. Williams,
1988. activity in  rumen ciliate
protozoa. J. Gen. Microbiol, 134: 2605-2614.
PMID: 3151211.

Ludden, P.A. and M. Cecava, 1995 Supplemental
protein sources for steers fed corn-based diets: T.
Ruminal characteristics and intestinal ammo acid
flows. I. Amm. Sci, 73 (5) 1466-1475.
http:/fjas fass.org/cgi/reprint/73/5/1466.pdf.

Martyx, R.J. and DI Demeyer, 1973. The effect of
inhibitors of methane production on fermentation

Proteinase

pattern and stoichiometry in vifro using rumen
contents from sheep given molasses. Br. J. Nutr,,
30: 369-376. http: //journals.cambridge.org/download.
php?file=%2FBIN%2FBIN30 02%2FS00071145730
00437a.pdf&code=5b7a0bdfd3471 2ebefOate06d5cc
Ofa.

Muyzer, G., E.C. De Waal and A.G. Uitterlinden, 1993.
Profiling of complex microbial populations by
denaturing gradient gel electrophoresis analysis of
polymerase chain reaction-amplified genes encoding
for 16S RN A. Appl. Environ. Microbiol., 59: 695-700.
PMCID: PMC167804.

NRC (National Research Council), 1981. Nutritional
Energetics of Domestic Amimals and Glossary of

Energy  Terms. National Academy  Press,
Washington, DC. http://www.nap.edwhboolks/03090
31273/html.

NRC (National Research Council), 1991. Microlivestock:
Little-Known Small Animals with a Promising
Economic Future. National Academy of Sciences,
Washington, DC. http://www.nap.edu/openbook.
php?isbn=030904295%.

NRC (National Research Council), 2001. Nutrient
Requirements of Dairy Cattle. 7th Rev. Edn.
National Academy of Sciences, Washington, DC.
http://www . nap.edu/openbook. php?1sbn=03090-
69971,

Orskov, ER. and W.J. Shand, 1997. Use of the nylon
bag technique for protein and energy evaluation and
for rumen environment studies mm rumimnants.

Livestock Research for Rural Development, Vol. 9.

http:/Awww . fac.org/ag/aga/agap/trg/TL RRD/LRRDY/1/

orskov hitm.

Santos, K.A., MD. Stern and L.D. Satter, 1984,
Protein degradation m the rumen and amino
acid absorption in the
lactating dairy cattle fed various protemn sources. I.
Anim. Sci., 58: 244-255. http:/fjas.fass.org/cgi/reprint/
58/1/244.

Stern, M.D., MLE. Ortega and L.D. Satter, 1 983. Retention
time in rumen and degradation of protein
supplements fed to lactating dairy cattle. J. Dairy
Sci., 66: 1264-1271. http://jds.fass.org/cgi/reprint/66/
6/1264 pdf.

Takagi, H. and E. Block, 1991. Effects of reducing dietary
cationanion balance of calcium kinetics in sheep. I.
Dairy Sci., 74: 4225-423. DOL 10.1046/).1365-294%.

small intestine of

2003.01716.x.
Tan, Z1. and D.X. Lu, 2000. The Effects of Dietary
Different Carbohydrate Ratio on the imer

environment Parameter in the rumen of Sheep.
12: 42-47. http:/fwww.cqvip.com/gk/98510x/200001 /
4197344 html.

Tigemeyer, E.C., N.R. Merchen and L.L. Berger, 1989.
Evaluation of soybean meal, corn gluten meal, blood
meal and fish meal as sources of nitrogen and ammo
acid disappearing from the small intestine of steers.
I, Amm. Sei., 67 262-275. http://jas.fass.org/cgl/
reprint/67/1/262.

Tilly, IM.A. and R A, Terry, 1963. A two-stage technique
for the in vitre digestion of forage crops. J. Br.
Grassld Soc., 18: 104-111. DOT: 10.1111/1.1365-2494.
1963.tb00335.x.

Wallace, R.J., CJ. Newbold and N. McKam, 1996.
Inlibition by 1, 10-phenanthroline of the breakdown
of peptides by rumen bacteria and protozoa. J. Appl.
Bacteriol., 80 (4): 425-430. PMID: 8849644,

War, F.C, NK Wu, ZF. Song and Z.B. Yang, 2003. The
study on beef ruminal metabolism m energy levels. .
Shandong Agricultural University (Natural Science),
34 (1): 54-58 (in Chinese). http:/Awrww.cqvip.com/gk/
S0916X/200301/ 7953771 .html.

Weang, HR., DX Lu, HY. Zhang, X.Y. Zhao, ]. Y1, T. Bai
and S. Bai, 1999. A study on limiting amino acids of
growing sheep fed diets with soybean meal, linseeds
meal and blood meal as sources of Nitrogen. Chinese
I Amm. Nutr., 12 (suppl. 11): 106-122 (in Chinese).
http://scholar.ilib.cn/A-%E4%BC %A% EE% AEY
AE%E8%AE%BO%ES%BD%95ID~5102242 html.

Wang, I.F., 1.Q. Wang, 3.C. L1, 3.P. Wang, M.R. Yao and
S.J. L, 2005, Effects of forage to concentrate ratio
on pattern of munen fermentation and performance of
lactating dairy cows. Chinese J. Anim. Vet Sci,
36 (6): 569-573 (in Chinese). http://www.cqvip.com/
gk/91152X/200506/15768268 html.

1400



J. Anim. Vet Adv., 8 (7): 1392-1401, 2009

Wang, M.Z., HR. Wang, G.X. Li, H.C. Cac and 7.T. Lu, Yu, P., 2005. Potential protein degradation balance and

2008. The Preliminary Report on Rumen Protozea total metabolizable protein supply to dairy cows
Grazing Rate on Bacteria with Fluorescence-labeled from heat-treated faba beans. J. Sci. Food Agric.
Techruque.. Scientia Agne. Smica, (7): 101-105. hitp:// 83 (8): 1268-1274. http:/fwww.scipub.org/fulltext/
www.cqvip.com/qk/86610X/200806/27611156.html. ajbb/ajbb3266-86.pdf

Yan, T. and R.E. Agnew, 2004. Prediction of nutritive .
values in grass silages: T. Nutrient digestibility and Zhou, J., M.A. Bruns and LM. Tiedje, 1996. DNA

energy concentrations using nutrient compositions recovery from soils of diverse composition. Appl.
and fermentation characteristics. J. Anim. Sci., Environ. Microbiol., 62 (2): 316-322. http://aem.asm.

82:1367-1379.http//jas.fass. org/ogi/reprint/82/5/1367. org/cgi/reprint/62/2/316.

1401



