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ABSTRACT: The objective of this study was to determine the effect of biotin mixed product (BMP)
supplementation on gas production kinetics and ruminal degradability of total mixed ration (TMR)
diets. This experiment was arranged by 3x3 factorial arrangement in CRD. Two factors were 1) three
concentrate and roughage (C:R) ratios in TMR 50:50, 60:40 and 70:30) and 2) three levels of BMP
supplementation (0, 0.5 and 1% of dry matter or pure biotin supplementation at 0, 0.2 and 0.4 mg/
kg of TMR). Approximately 0.2 g of feed samples were weighed into 50 mL bottles and incubated
with artificial rumen fluid at 39°C for 96 h. This experiment was performed according to intro gas
production technique. The results showed that the gas production, effective gas production (EP), DM
degradability (DMD) and short chain fatty acid production were linearly increased when the proportion
of concentrate in diet was increased (P<0.05). However, NH3-N concentration was not significantly
different among various C:R ratio (P>0.05). Supplementation of BMP affected gas production, effective
gas production and DMD. There were linearly increase when increased level of BMP in TMR with 50%
of concentrate while in TMR with 60 and 70 % of concentrate showed highest in 0.5% of BMP (P<0.05).
However, NH3-N and short chain fatty acid were not significantly affected by BMP supplementation
(P>0.05). The results indicated that BMP supplementation is alternative way to increased capability of
DM degradability and 0.5% of biotin mixed product or 0.02 mg/kg is a recommended level in TMR.

Keywords: gas production, degradability, total mixed ration, biotin, supplementation

Introduction

In the present, there are shortages of
good-quality feeds for feeding of ruminants,
especially in the tropics. Rumen microbes play
a crucial role in the digestion of nutrients in the
rumen and convert to high quality microbial
regard
indicated that major cellulolytic organisms in
therumenincluding bacterialike Ruminococcus
species species and
anaerobic fungi like Neocallimastix have
specific requirements for thiamine, riboflavin,

proteins. Recent studies in this

and Bacteroides

niacin, pyridoxine, biotin, folic acid, and B12
(Ashwin and Srinivas, 2019). Biotin, a water-
soluble B vitamin, is an essential nutrient for
both rumen bacteria and the animal. Apart
from being indispensable for gluconeogenesis,
fatty acid synthesis, and protein synthesis
(Dakshinamurti 1988). In
addition, most cellulolytic rumen bacteria
require biotin for growth (Baldwin and Allison,
1983). An in vitro study reported that biotin
synthesis was reduced by about 50% as the
concentration of dietary forage decreased

and Chauhan,

from 80% forage to 50% forage (Da Costa

1998).
concentration of grains can create an acid
rumen and in turn decrease feed utilization

Gomez et al, Having a high

instead of synthesis of ruminal biotin due to a
decrease in the growth of cellulolytic microbes
(Rosendo et al., 2003). In previous studies,
many researchers found that supplementation
of biotin can increased ruminal degradability
and products. Abel et al. (2001) found that
biotin can improve fermentation of fiber in the
rumen. According to Milligan et al. (1967)
reported that supplemental of biotin in diet
increased fiber digestion in vitro that may
continue effect to increase intake and milk
yield. Majee et al. (2003) found that digestibility,
intake and milk production were higher for
cows supplemented with 20 mg biotin per day
compared to control cows. Therefore, ruminant
diets with high amounts of concentrate that
may increase feed utilization due to biotin
supplementation (Zimmerly and Weiss, 2001).
Thus, the objective of this study was to
determine the effect of biotin on gas production
kinetics and ruminal degradability of TMR.



KHON KAEN AGR. J. 47 SUPPL.2 : (2019).

Material and methods

The experiment was arranged by 3x3
factorial arrangement in CRD. Two factors
were 1) three ratio of concentrate:roughage in
TMR (50:50, 60:40 and 70:30) and 2) three
mixed product (BMP)
supplementation (0, 0.5 and 1.0 % of dried

levels of biotin
TMR as convers to pure biotin = 0, 0.2 and 0.4
mg/kg). The TMR were mixed by using
concentrate containing 18% crude protein
(CP) and 2.70 Mcal metabolizable energy
(ME)/kgDM) and rice straw in a ratio as followed
dietary treatments and then added three levels
of BMP supplementation (0, 0.5 and 1.0 % of
dried TMR as convers to pure biotin = 0, 0.2
and 0.4 mg/kg) before drying in oven at 600C
for 48 h and grinding through a 2-mm screen
for in vitro gas technique and degradability
test.

The method used for in vitro gas
production technique described by Menke and
Steingass (1988). Three fistulated Holstein
Friesian (420 + 30 kg) were used as donors for
rumen fluid inoculum in this experiment
Preparation of artificial saliva was done
according to the method of Menke and
Steingass (1988). The 0.2 g of the air dried
sample was incubated in 50 mL bottle which
containing 20 mL of buffer mineral solution and
10 mL of rumen fluid for 96 h at 39°C. During
the incubation, the cumulative gas production
was measured at 1, 2,4, 6, 8, 12, 24, 36, 48, 72
and 96 h then fitted to the model of Grskov and
McDonald (1979) as follows: y = a + b (1-exp(-
ct )); a = the gas production from the
immediately soluble fraction, b = the gas
production from the insoluble fraction, ¢ = the
gas production rate constant for the insoluble
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fraction (b), t = incubation time, (/a/ + b) = the
potential extent of gas production, y = gas
produced at time “t”. Digestibility of DM (DMD)
was determined at a time points (24 and 48 h
after incubation). After incubated time the
mixed liquids in each bottle were removed and
filtrated then divided to two portions, first
portion was dried at 105°C for 12 h and burning
at 550°C for 4 h to determine DM and ash.
DMD was calculated as difference weighing
between before and after incubation, corrected
by a blank which consisted of four flask
containing only buffered rumen fluid. Short
chain fatty acid production was calculated by
the equation; Short chain fatty acid (SCFA,
mol) = 0.0239Gv-0.0601, while Gv = net gas
(ml/200mg, DM) at 24 h of
incubation. A second portion were filtered
through four layers of cheesecloth then the
filtrated fluid was mixed with 10 ml of 50%
H2S04 solution as used for Ammonia-Nitrogen
(NH3-N) analysis. The mixed sample was
centrifuged at 16,000xg for 15 min and the

production

supernatant was stored at -20°C prior to NH3-N
measurement according to the method of
Bremner and Keeney (1965).

All obtained data were subjected to
the analysis of variance (ANOVA) procedures
of SAS (1989) according to a 3x3 factorial
arrangement in CRD. Treatment means were
compared using Duncan’s New Multiple Range
Test (Steel and Torrie 1980). The statistical
model was: Y =+ 09+[3J+0LBK +e where;
Yijk = Observation in treatment combination ij
and replicated j, p = Over all sample mean,
ai = effect of factor A, Bj = effect of factor B,
aBi = effect of interaction AB , e, = error.
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Table 1 Percentage of feed ingredients of experimental concentrate diets and chemical composition.

Ingredients Kg/100kg
Cassava chip 57.0
Rice bran 8.50
Soybean meal 15.0
Palm kernel meal 14.0
Salt 0.40
Dicalcium phospate 1.50
Premixed 0.50
Sulfur 0.30
Molasses 1.50
Urea 1.30
% of DM
Chemical composition ]
Concentrate Rice straw

Organic matter 93.4 88.2
Crude protein 18.3 3.33
Ether extract 5.70 0.62
NDF 401 81.1
ADF 14.5 57.7
Ash 6.57 11.8
ME’, Mcal/kgDM 2.65 1.46

' Calculated according to Harris et al. (1972), NDF=neutral detergent fiber, ADF= acid detergent fiber

Results and discussion

The patterns of cumulative gas
production of various C:R ratio and BMP
supplementation were presented in Table 2.
The results showed that the gas production
kinetics that calculated as b and d values and
effective gas production (EP) were influenced
by C:R ratio and BMP supplementation. There
were linearly increased when the level of
concentrate and biotin were increased (figure
1; a and b) (P<0.05). Moreover, we found that
b, d values and EP were linearly increased
when increased level of BMP in TMR with 50%
of concentrate while in TMR with 60 and 70 %
of concentrate showed highest in 0.5% of BMP

(P<0.05) (figure 1; d, e and f). NH3-N
production was not influenced by C:R ratio and
BMP supplementation (P>0.05) (Table 3). DMD
and SCFA production were linearly increased
when the proportion of concentrate in diet was
increased (P<0.05) (Table 3). Supplementation
of BMP affected DMD. There were linearly
increase when increased level of BMP in TMR
with 50% of concentrate while in TMR with 60
and 70% of concentrate showed highest in
0.5% of BMP (P<0.05). These are related with
an accumulated gas production (figure 1; d, e
and f). However, SCFA was not significantly
different when compared between the level of
BMP supplementation (P>0.05) (Table 3).



219

1 (2019).

KHON KAEN AGR. J. 47 SUPPL.2

(S0°0>d) Jepip sem 1duosiadns Juslaip YlIM MO SWES 8y} Ul Ues|\

aqe

100 820 L00> €00 €80 660 .60 /80 .60 480 6.0 80 <040

/low ‘pioe Aney uleyo Hoys
G500 120 100> 251 V9L 08 G FS. 8L £€L 60L L0€L €L £ usy
100> v0'0 100> GF'L €89 B0L L9 89 6.9 809 58S BEES BSES uve
% ‘uonepesbeg NA
zr0 Yp0 o0 zes0 9L LSL  GpL g€l 0EL 6%L 22l Gyl GEl usy
€€0 910 g0 9,0 <€l 80L 6LL  LeL gzl 62 92l  GO0L 6L Uz
(%BW) N~ HN

a.v g v 0l G0 00 0L S0 00 0l G0 00 % ‘dANg

enfen-d nas 00 009 05:05 ones y:0

‘Ajigepelbap pue uononpoud |eulwind Uo Ulolgq pue onel Oy JO S108)3 € d|gel

(S0"0>d) Jeyip 1duosIadns JusIayIp Ylm MOJ SWES 8U} Ul UBS|A

oqe

‘uononpold seb Jo Jusixa |enusiod seb ayy ‘g + /e/ =p {(q) uonoely
a|gnjosul 8u} 4o} JUBISUOD a1es uononpoud sef ay) ‘0 ‘uoioed) 8|gnjosul 8y} wodj uononpoid seb sy = g tuoiioed) 8|gnjos Ajgielpawwi 8y} woJj uoionpoud sef syl = e

€00 G000 LO0> 6EL 400€ L9€e 8¢ GFOE e  86C .£8C '8 062

(d3) 1enusyod uononpoud seb aAnosy3
00 S0°0 100> €¥cC 489 899 (G8F GE€S VL9 QLG 2SS  Wllv 9L¥ p
0’0 0¥0 S€0 100 200 .00 800 800 00 100 900 800 900 e
100 S0°0 100> LLZ 46€S 619 8PS 905 £€.L9 FES 66V 097 FlY q
vL’'0 LL'0O 100> 0L 9C¥ v <cl'e- e6¢-  <Zl'v- <8¢ LZc- 6L¢- 6L0- e
sofsueloeleyd uononpolid seo

d.V S| v 0l S0 00 0l S0 00 0l S0 00 % ‘diNg

IN3S
anjen-d 0€:0. 0%:09 0S:09 ones y:o

"oneuly uononpold sef uo unoig pue onel ¥:0 10 s1oslg Z e|gel



220

Based on these results, it could be
that increasing proportion of
concentrate in TMR can
production, effective gas production, DMD and
SCFA production. High gas production related

indicated
increase gas

with high ability of DM degraded in rumen
which may cause to increase SCFA production.
Yang et al. (2001) reported that the DM and
OM digestibilities were linearly increased as
the C:R ratio increased. Increasing the C:R
ratio increases the DM and OM digestibility in
cow and sheep (Moss et al., 1995; Ramos et
al., 2009), owing to the forage has a generally
higher NDF content than the concentrate.
Structural less
digestible than non- structural carbohydrates,
the total digestibility decreases with increasing

carbohydrates are usually

proportions of forage in the diet (Moe and
Tyrrell, 1979). Supplementation of BMP
increased gas production, effective gas
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production and DM degradability and showed
high effect when supplemented at 0.5% of
BMP in TMR with 60 and 70 % of concentrate.
These indicated that biotin supplementation is
alternative way to increased ability of DMD in
the rumen. Abel et al. (2001) found that biotin
can improve fermentation of fiber in the rumen.
(1967) that
supplementation of biotin in diet increased
fiber digestion in vitro that may continue effect
to increase intake and milk yield. Because of

Milligan et al. reported

biotin is a specific essential vitamin for major
cellulolytic organisms (Ashwin and Srinivas,
2019) and most cellulolytic rumen bacteria
require biotin for growth (Baldwin and Allison,
1983). Therefore, supplemented biotin in
ruminant diet observes a response to increase
cellulolytic bacteria and DMD (Zimmerly and
Weiss, 2001).

gas production curve
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Figure 1. In vitro gas production for the effect by (a) C:R ratio (b) biotin mixed product (c) combination

treatment between C:R ratio and biotin mixed product (d, e and f).
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Conclusion
Base on the results,
proportion of concentrate in TMR can increase
gas production, effective gas production, DM

increasing

degradability and short chain fatty acid
production but do not affect NH3-N production.
Supplementation of biotin as BMP increase
gas production, effective gas production and
DM degradability and showed high effect when
supplemented at 0.5% of BMP in TMR with 60
and 70% of concentrate but do not affect
NH3-N and short chain fatty acid production. In
conclusion, biotin  supplementation s
alternative way to increase DM degradability in
the rumen and 0.5% of BMP 0.02 mg of biotin/

kg of diet is a recommended level in TMR.
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