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ABSTRACT

An in vitro study was conducted to assess the effect of using rice gluten
meal as a substitute of soybean meal (SBM) in ruminant diet. The SBM
comprising 12.5% whole diet [total mixed ration (TMR)] was substituted
by rice gluten meal (RGM) on w/w basis at 0, 25, 50, 75 and 100% level.
In vitro dry matter disappearance (IVDMD), organic matter
disappearance (IVOMD), net gas production, methane production and
fermentation efficiency of TMRs was assessed. The chemical composition
of TMRs revealed decrease in total ash, acid detergent fiber and total
carbohydrate contents and increase in organic matter, crude protein,
ether extract, neutral detergent fiber, acid detergent lignin, hemicellulose,
neutral detergent insoluble crude protein and acid detergent insoluble
crude protein contents with increase in RGM in TMRs. No significant
difference in net gas production, IVDMD and IVOMD was observed
between the TMR treatments having graded levels of RGM and control.
The NHs-N in TMRs declined with increase in RGM and was highest
(P<0.05) in control. The relative proportion of propionic acid and
isovaleric acid was highest in TMR 3 (50% RGM replacing SBM);
whereas relative proportion of butyric acid was lowest in TMR 3. CH4
production showed decline with increase in RGM in TMRs beyond 25%
level replacing SBM. The H-recovery was lowest in control TMR. The
hydrogen consumed via CH,4 as compared to the hydrogen consumed via
VFA was lowest in TMR 3. The fermentation efficiency was highest in
TMR 3. Thus, RGM could replace up to 100% of soybean meal in TMR
of ruminants without any adverse effect on nutrient digestibility which is
equivalent to 12.5% of whole dietary dry matter.
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INTRODUCTION

A variety of widely available agro-industrial byproducts serve as valuable animal feed-stuffs,
because of their utilizable nutritional worth. In India, concentrate feed resources for ruminants are
limited to the extent of 47% (NIANP, 2013) and concomitantly, the export of protein-rich oilseed
meals in large quantity (as high as 5 million tonnes) further aggravates the nation’s feed balance
(Rao et al., 2016). Soybean meal is used 40% towards poultry and livestock feeding and its net
annual shortage during 2014-2025 is to the tune of about 2.5 million metric tonnes. As there is
scarcity of soybean meal, there is need to utilize locally available alternate protein sources (Mandal,
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2017). Thus, to combat the increasing feed costs and nutritional crisis, there is urgent need to search
viable alternative feed resources which do not compete with human feed and are economical. In this
respect, rice gluten meal (RGM) may serve as an excellent alternative for animal feeds which can
substitute the expensive feed resources like soybean meal, thereby reduce the feed costs of
livestock. RGM is dried residue of rice, left after the removal of starch, and separation of bran
during wet milling manufacture of rice starch or glucose or syrup. It is a brown coarse powder
available in appreciable quantities in northern India. RGM has good amino acid profile with
comparatively higher methionine content than ground nut cake (Kumar et al., 2016). Scanty
information is available on the utilization of RGM in animal feeds. The present study was planned
to assess the in vitro nutritional digestibility and methane production potential of the total mixed
ration (TMR) containing graded levels of RGM.

MATERIALS AND METHODS

The present in vitro study was conducted in the year 2019 in the Department of Animal Nutrition,
Guru Angad Dev Veterinary & Animal Sciences University (GADVASU), Ludhiana, Punjab, India.

Sample collection and preparation

Feedstuffs for concentrate preparation were procured from the Livestock Farm, GADVASU,
Ludhiana (India). Soybean meal comprising of 12.5% of total mixed ration (TMR) was replaced by
RGM at 0, 25, 50, 75 and 100% levels on N basis. The ingredient composition of TMRs containing
the graded levels of RGM (%) replacing soybean meal on w/w basis was as under:

Ingredients TMR 1 TMR 2 TMR 3 TMR 4 TMR5
(control)  (25% RGM) (50% RGM) (75% RGM) (100% RGM)
Bajra fodder 50.00 50.00 50.00 50.00 50.00
Maize 19.00 19.00 19.00 19.00 19.00
Soybean 12.50 9.37 6.25 3.12 0.00
Rice gluten meal 0.00 3.12 6.25 9.37 12.50
Wheat bran 7.50 7.00 7.00 7.00 7.00
Deoiled rice bran 5.75 6.50 8.00 10.00 10.00
Rice polish 3.75 3.50 2.00 0.00 0.00
Mineral mixture 1.00 1.00 1.00 1.00 1.00
Salt 0.50 0.50 0.50 0.50 0.50

The roughage: concentrate ratio in TMRs was 50:50 on dry matter basis. All the TMRs contained
dried and finely grounded bajra fodder as roughage.

Proximate chemical analysis

TMRs were analyzed for dry matter, Kjeldahl N, ether extract and ash content using the standard
procedures (AOAC, 2007). Cell wall fractions viz., neutral detergent fibre (NDF), detergent fibre
(ADF), cellulose and lignin were estimated sequentially using the standard procedure (Van Soest et
al., 1991). NDF and ADF were expressed inclusive of residual ash. Lignin was determined by
solubilization of cellulose with 72% sulphuric acid. Acid detergent insoluble protein and neutral
detergent insoluble protein were determined as per Licitra et al. (1996).

In vitro evaluation

Before morning feeding, the rumen fluid was collected from rumen fistulated four male buffaloes
(age approximately 5 years) maintained on 2 kg conventional concentrate mixture (maize - 38 parts,
mustard cake - 15 parts, SBM - 15 parts, deoiled rice bran - 12 parts, wheat bran - 10 parts, rice
polish - 7 parts, mineral mixture - 2 parts and common salt - 1 part), 17 kg green fodder, 3 kg wheat
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straw and ad lib urea molasses mineral block (UMMB). Rumen liquor was collected in pre-warmed
(39°C) thermos after straining through 4 layered muslin cloth and transferred to the laboratory. The
nutritional value of various TMRs was assessed by in vitro gas production technique (Menke et al.,
1979; Menke and Steingass, 1988). Two sets of samples were incubated in triplicates. In 1% set, 375
mg ground sample (dry matter basis) was incubated at 39°C for 24 h in triplicate in 100 mL
calibrated glass syringes with buffered rumen fluid for assessing the net gas production,
digestibility of nutrients and metabolizable energy (ME) availability. In 2" set, 200 mg ground
sample (on dry matter basis) was incubated at 39°C for 24 h in triplicate in 100 mL calibrated glass
syringes with buffered rumen fluid for assessing the methane production. The samples were
prepared by adding 0.2 mL of 25% metaphosphoric acid per mL of rumen liquor, allowing it to
stand for 2 h followed by centrifugation at 4000 rpm for 7 min (Cottyn and Boucque, 1968).
Supernatant was used for the estimation of individual volatile fatty acids. The ME value of substrate
was calculated as per the equation of Menke et al. (1979). The partitioning factor (PF) was
calculated by dividing the substrate truly degraded (mg) to the volume of gas (mL) produced
(France et al., 1993).

Estimation of methane

Methane (CH4) was estimated in a gas liquid chromatograph (Netchrom 9100) equipped with
stainless steel column packed with Porapak Q and flame ionization detector. Standard calibration
gas (Sigma gases, New Delhi, India) consisted each of 50% CH. and CO,. The gas flow rates for
nitrogen, hydrogen and zero air were 30, 30 and 320 mL min™, respectively. From the head space of
each syringe (containing 200 mg test feed sample buffered with rumen liquor, incubated at 39°C for
24 h), 100 pL gas was collected by puncturing the silicon tube and injected into gas chromatograph
for the estimation of CHa.

Determination of hydrogen balance and fermentation efficiency

Hydrogen recovery was estimated as per Demeyer (1991) using the following equation:
AM+2P+2B) 400

(2A +P +4B)

The ratio of hydrogen consumed via CH4/VFA was estimated as 4M/(2P + 2B), where acetate (A),
propionate (P), butyrate (B) and methane (M) production were expressed in m mol. Fermentation
efficiency (FE) was calculated as per the equation of Orskov (1975) modified by Baran and Zitnan
(2002).

Hydrogen recovery (%) =

(0.622a +1.092p + 1.56b)

(a+p+2b)
Where a, p, and b are the concentration (u mol) of acetic, propionic and butyric acids, respectively,
in total concentration of VFA produced. VFASs utilization index was expressed by non-glucogenic
VFAs/glucogenic VFAs ratio (NGGR) was worked out as per Orskov (1975).

FE = x 100

Statistical analysis

The data were analyzed by using simple ANOVA as described by Snedecor and Cochran (1994)
using SPSS (2012) version 21. The differences in means were tested by Tukey’s b at 0.05% level of
significance.

RESULTS AND DISCUSSION

Chemical composition of TMRs containing graded levels of RGM
The organic matter content in TMRs varied from 91.73 to 92.40% (Table 1). The organic matter
content showed increase with the increasing level of rice gluten meal in TMRs. The crude protein
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Table 1: Chemical composition of TMRs containing graded levels of RGM replacing soybean
meal (% DM basis)

Treatments
Chemical constituents TMR 1 TMR 2 TMR 3 TMR 4 TMR 5
(control) (25% RGM) (50% RGM)  (75% RGM) (100% RGM)
Organic matter 91.73 91.83 92.13 92.25 92.40
Crude protein 14.49 14.69 15.00 15.49 15.50
Ether extract 3.33 3.45 3.48 3.77 4.10
Total ash 8.28 8.18 7.88 7.75 7.60
Neutral detergent fibre 53.70 55.40 55.00 56.00 56.40
Acid detergent fibre 26.15 25.20 24.70 24.30 23.55
Hemicellulose 27.55 30.20 30.30 31.70 32.85
Acid detergent lignin 3.75 3.80 4.10 4.95 6.40
ADICP 3.17 3.69 3.92 4.21 5.34
NDICP 1.67 9.46 10.90 12.86 14.47
Total carbohydrates (TCHO)  73.90 73.68 73.64 72.99 72.80

ADICP = Acid detergent insoluble crude protein; NDICP = Neutral detergent insoluble crude protein

content in TMRs varied from 14.49 to 15.50%. All the TMRs prepared were iso-nitrogenous.
The ether extract content in TMRs ranged from 3.33 to 4.10% while NDF content varied from
53.70 to 56.40%. Both the ether extract and NDF exhibited increase with increase in the level of
RGM in TMRs. The total ash content varied between 7.60 to 8.28% while ADF, hemicellulose and
ADL (acid detergent lignin) contents varied from 23.55 to 26.15, 27.55 to 32.85 and 3.75 to 6.40%,
respectively. From TMR 1 to TMR 5, the ADL content showed increase with increase in TMR
level. The ADICP (acid detergent insoluble crude protein) and NDICP (neutral detergent insoluble
crude protein) contents varied from 3.17 to 5.34 and 7.67 to 14.47%, respectively. There was
increase in ADICP and NDICP values with increase in RGM in TMR. The total carbohydrate
content in TMRs was 72.80 to 73.90%. Experimental TMRs had slightly less total carbohydrate
content as compared to the control TMR. This could be due to less total carbohydrate content in
RGM as compared to SBM.

In vitro evaluation of TMRs containing graded levels of RGM

The net gas production (NGP, mL g DM 24 h™) in TMR 1, 2, 3, 4 and 5 containing 0, 25, 50, 75
and 100% RGM replacing SBM in the concentrate was 204.7, 208.0, 209.3, 211.3 and 208.0,
respectively (Table 2). No significant difference in NGP was observed among TMR treatments.
This may be due to the similar nutrient digestibility among the TMRs. Contrary to our observations,
Mahesh (2016) noticed reduction in NGP in TMRs having graded levels (25 to 100%) of RGM.
The partitioning factor (PF, mg mL™) was 3.47, 3.39, 3.36, 3.44 and 3.41 in TMR 1, 2, 3, 4 and 5,
respectively and varied non-significantly. The PF in the present study was within the suggested
range.

The organic matter digestibility of TMRs varied non-significantly from 76.3 to 78.7%.
Mahesh (2016) showed decreased OM digestibility when RGM was included in TMRs at 50%
level. The reason for contrary results to the supporting literature might be the difference in the
chemical composition of RGM used and the difference of oilseed cakes used in the concentrate
feed. The NDF digestibility of TMRs ranged from 60.2 to 65.0%. The NDF digestibility was
similar among the TMRs. The microbial mass production (MMP, mg) in TMR 1 (97.60), TMR 2
(92.73), TMR 3 (90.75), TMR 4 (98.09) and TMR 5 (94.40) was almost similar. Our results are in
agreement with those of Mahesh (2016) who reported non-significant difference in MMP among
the TMRs having graded levels of RGM (0, 25, 50, 75 and 100%). The efficiency of microbial mass
production was also similar among the TMRs. TMR 1, 2, 3, 4 and 5 had 36.6, 35.1, 34.4, 36.0 and
35.5% EMMP, respectively.
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Table 2: Effect of different levels of RGM on in vitro gas production and digestibility of
nutrients in TMRs (24 h)

Treatments
. . TMR2 TMR3 TMR4 TMR5
Chemical constituents (Imtl:ioll) (25% (50% (75%  (100% SEM

RGM) RGM) RGM) RGM)

Net gas production (mL g* DM 24 h?) 204.67 208.00 209.33 211.33 208.00 1.17
Partitioning factor (mg mL™?) 3.47 3.39 3.36 3.44 341  0.03
Organic matter digestibility (%) 77.47 76.77 76.26 78.75 76.77  0.38
Neutral detergent fibre digestibility (%) 61.51 61.49 60.24 65.00 61.94  0.67
Microbial mass production [MMP} (mg)  97.60 92.73 90.75 98.09 9440 1.66

Efficiency of MMP (%) 36.63  35.08 34.44 3596 3549 048
Dry matter digestibility (%) 77.47 78.00 77.07 79.60 78.00 0.38
Short chain fatty acids (m mole) 0.90 0.92 0.93 0.93 0.92 0.01
Metabolizable energy (MJ kg* DM) 8.77 8.92 9.02 9.20 9.18 0.06
Ammoniacal nitrogen [NHz-N] (mg dL)  27.50°  25.40° 24.00%¢ 21.20®  20.15° 0.94
Fermentable CO, (m moles) 51.35°  51.09°  47.75%  50.56° 50.70° 0.44
Fermentable CH4 (m moles) 2758 2677  2464°  26.43° 26.71° 0.35

The roughage to concentrate ratio in TMRs was 50:50 on dry matter basis, Means bearing different
superscripts in a row differ significantly (P < 0.05); SEM = Standard error of means

The DM digestibility of TMRs did not vary significantly and ranged from 77.1 to 79.6% with
non-significant difference among TMRs. However, Mahesh (2016) reported decline in DM
digestibility with inclusion of RGM at above 50% level in TMRs. The net gas production and
digestibility have not been affected by the inclusion of RGM at graded levels.

The short chain fatty acids (SCFA) varied from 0.90 to 0.93 m mol among the TMRs. No
significant difference was observed in SCFAs among TMRs. The metabolizable energy (ME) did
not vary significantly among the TMRs. The ammonia nitrogen was highest (P < 0.05) in TMR 1
(27.50 mg dL%) and lowest (P < 0.05) in TMR 5 (20.15 mg dL™). TMR 2, TMR 3 and TMR 4 had
25.4, 24.0 and 21.2 mg dL™* NHs-N concentration, respectively. Our results are in agreement with
those of Mahesh (2016) who reported a linear decline in NH3-N in TMRs when ground nut cake
was replaced with RGM. This might be due to high rumen escape potential of gluten proteins
already documented by Heuze et al. (2015).

The fermentable CO, (m mol) was lowest (P<0.05) in TMR 3 (47.75) and similar in rest of
TMR treatments (1, 2, 4 and 5). The fermentable CHs (m mol) was lowest (P < 0.05) in TMR 3
(24.6) and similar in TMR 1 (27.6), TMR 2 (26.8), TMR 4 (26.4) and TMR 5 (26.7).

Individual and total VFA production

The effect of different levels of rice gluten meal in total mixed rations on individual and total
volatile fatty acids is presented in Table 3. The acetic acid (mM dL™) production was higher (P <
0.05) in TMR 1 (3.08) as compared to the other TMRs tested. The acetic acid production (mM dL™)
was similar (P < 0.05) in TMR 2 (2.72), TMR 4 (2.90) and TMR 5 (2.75). The acetic acid
production was lowest in TMR 3 (2.64 mM dL™). The propionic acid (mM dL™) production was
higher in TMR 4 (1.44) and lower in TMR 2 (1.32). The propionic acid production (mM dL™) was
similar in TMR 1 (1.42) and TMR 3 (1.42). The butyric acid (mM dL™) production was highest in
TMR 1 (0.55), lowest in TMR 3 (0.37) but statistically similar in TMR 2 (0.50), TMR 4 (0.50) and
TMR 5 (0.48). The isovaleric acid production varied non-significantly among TMRs tested and its
value ranged from 0.220 to 0.243 mM dL™. The total VFA (mM dL™) production was highest in
TMR 1 (5.30) and lowest (P < 0.01) in TMR 3 (4.67). The total VFA (mM dL™) production was
statistically similar in TMR 2 (4.79) and TMR 5 (4.79). The acetate: propionate ratio was higher in
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Table 3: Effect of different levels of RGM on in vitro VFA production (mM dL™) in TMRs (24 h)

. . TMR 1 TMR 2 TMR 3 TMR 4 TMR5

Volatile fatty acid (VFA)  .onrol) (250 RGM) (50% RGM) (75% RGM) (100% RGM) SEM
Acetate (A) 3.08° 2.72% 2.642 2.90% 2.75% 0.06
Propionate (P) 1.420¢ 1.328 1.42%¢ 1.44° 1.34% 0.02
Isobutyrate 0.00 0.00 0.00 0.00 0.00 0.00
Butyrate 0.55¢ 0.50° 0.372 0.50° 0.48° 0.02
Isovalerate 0.234 0.239 0.243 0.232 0.220 0.003
Valerate 0.00 0.00 0.00 0.00 0.00 0.00
Total VFA 5.30° 4.79% 4.67° 5.07% 4.79% 0.08
AP ratio 2.18° 2.06™® 1.86° 2.01% 2.05% 0.04
Relative proportion (%)

Acetate 58.11 56.85 56.51 57.12 57.42 0.29
Propionate 26.732 27.65% 30.34° 28.38% 27.99% 0.42
Isobutyrate 0.00 0.00 0.00 0.00 0.00 0.00
Butyrate 10.41° 10.50° 7.94? 9.94P 10.00° 0.32
Isovalerate 4,428 5.00°° 5.21° 4.57% 4.59% 0.11
Valerate 0.00 0.00 0.00 0.00 0.00 0.00

Means bearing different superscripts in a row differ significantly (P<0.05).

TMR 1 (2.18) and lower (P < 0.05) in TMR 3 (1.86). The A:P ratio was similar in TMR 2 (2.06),
TMR 4 (2.01) and TMR 5 (2.05). The higher (P <0.05) A:P ratio in TMR 1 is due to the higher (P <
0.05) acetic acid production in TMR 1.

The relative proportion of acetic acid varied non-significantly among TMRs. The relative
proportion of propionic acid was highest in TMR 3 (30.34) and was similar in the rest of TMRs.
The relative proportion of butyric acid was lower in TMR 3 (7.94) than other TMRs tested. The
relative proportion of isovaleric acid was higher in TMR 3 (5.21) and lower (P < 0.05) in TMR 1
(4.42). TMR 2, TMR 4 and TMR 5 was having similar relative proportion (%) of isovaleric acid.

Methane production

The CH4 production was higher (P < 0.05) in TMR 1 (13.52) and TMR 2 (13.97) than other TMRs
evaluated (Table 5). TMR 4 (11.34 mL) and TMR 5 (11.33 mL) had similar CH, production. CH4
production followed a declining trend with RGM inclusion in TMRs beyond 25% level replacing
SBM. However, Mahesh (2016) reported decreased CH4 production with RGM inclusion in TMRs
at 75% or above. The results indicated that incorporation of RGM in the diet showed promising
effect by decreasing the in vitro methane production.

Hydrogen balance

The H-recovery was lowest (P < 0.05) in TMR 1 (90.61%) [Table 6]. TMR 2, TMR 3 and TMR 5
had similar H-recovery. The hydrogen consumed via methane as compared to the hydrogen
consumed via VFA was lowest (P < 0.05) in TMR 3 (3.86), highest (P < 0.05) in TMR 1 (4.59) and
similar in TMR 2 (4.17) and TMR 5 (4.16).

Table 5: Methane production from the fermentation of TMRs containing graded levels of
RGM (24 h)

TMR1  TMR2 __ TMR3 _ TMR4 T™MR5

Methane (CHq) (control)  (25% RGM) (50% RGM) (75% RGM) (100% RGM) SEM
CHa, mL 1352 13979 12.11® 11.34° 11.33 039
CHs mL100mg DM 6.76" 6.98" 6.05% 5.67% 5660 0.20
CH. mL 100 g DMD  8.73" 8.95" 7.86 7.128 7260 026
CHsmL 100 mg’ OMD  8.73" 9.10° 7.94% 7.20° 738 0.6

DM = Dry matter, DMD = Dry matter digestibility, OMD = Organic matter digestibility
Means bearing different superscripts in a row differ significantly (P < 0.05)
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Table 6: Effect of different levels of RGM on the fermentation parameters and hydrogen balance

in TMRs (24 h)
Parameters TMR 1 TMR 2 TMR 3 TMR 4 TMR 5 SEM
(control) (25% RGM) (50% RGM) (75% RGM) (100% RGM)
Hydrogen recovery (%) 90.617 96.09° 97.52° 93.07%° 95.99° 0.88
H consumed via CH4/VFA 4.59° 4.17° 3.86° 4.40° 4.16° 0.08
Fermentation efficiency (%)  77.20° 77.66% 78.52° 77.84% 77.68%  0.16
VFA utilization index 2.95P 2.82° 2.39° 2.71° 2.77° 0.07

The means bearing different superscripts in a row differ significantly (P < 0.05)

The fermentation efficiency (%) was higher (P < 0.05) in TMR 3 (78.52) and lower (P <
0.05) in TMR 1 (77.20) than other TMRs evaluated. TMR 2, TMR 4 and TMR 5 were having
similar fermentation efficiency. The VFA utilization index (VFA Ul) was lowest in TMR 3 (2.39)
and similar in TMR 1 (2.95), TMR 2 (2.82), TMR 4 (2.71) and TMR 5 (2.77). The non-glucogenic
to glucogenic VFA ratio is associated with effects on methane production, milk composition and
energy balance (Morvay et al., 2011). The lowest (P < 0.05) VFA Ul in TMR 3 correlates well with
the highest (P < 0.05) proportion of propionate production in TMRs. Glucogenic propionate
contributes to energy deposition in body tissues, whereas non-glucogenic acetate and butyrate are
sources for long chain fatty acid synthesis.

Conclusion: The study revealed that soybean meal could be replaced by RGM upto 100% without
affecting the nutrient digestibility and microbial biomass production. In vitro CH4 production
followed a declining trend with increase in the level of RGM beyond 25% replacement of SBM in
concentrate mixture.
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