"

WP
ICAR

K )/ Indian Journal of Animal Sciences 90 (3): 439-445, March 2020/Article

In vitro evaluation of kinnow waste as substitute of cereal grains in the
concentrate mixture and empty pea pods as that of berseem hay in total mixed

ration for livestock

M P S BAKSHI®, ] S HUNDAL and M WADHWA
Guru Angad Dev Veterinary and Animal Science University, Ludhiana, Punjab 141 004 India

Received: 30 August 2019; Accepted: 24 September 2019

ABSTRACT

This study was taken up to assess the extent to which kinnow mandarin (Citrus reticulata) waste (KW) could
substitute cereal grains in the concentrate mixture and empty pea (Pisum sativum) pods (EPPs) as that of berseem
(Trifolium alexandrium) hay in total mixed ration (TMR) for livestock. In the first experiment, sundried finely
ground kinnow waste replaced barley grains on N basis at 0, 25, 50, 75 and 100% levels in concentrate mixtures.
The comparable N-content indicated that the concentrate mixtures were iso-nitrogenous. The EE and cell wall
constituents (CWC) increased linearly with the increase in level of KW. The replacement of barley with KW did
not affect net gas production (NGP), true OM digestibility and ME availability up to 50% level of replacement.
Total and individual volatile fatty acids (VFAs) and microbial biomass production improved up to 50% level of
replacement but declined thereafter. In the second experiment, sundried finely ground EPPs replaced berseem hay
on N basis at 0, 25, 50, 75 and 100% levels in TMR. The EE and CWCs content was not affected up to 50% level
but thereafter EE content decreased, whereas CWCs content increased. The NGP, digestibility of true DM and OM,
VFAs production, ME availability and microbial biomass synthesis improved up to 50% level of replacement of
berseem hay with EPPs, thereafter it declined. The hydrogen recovery, hydrogen consumption and fermentation
efficiency were not affected upto 50% level of EPPs but at higher levels these parameters were depressed. Therefore,
KW could replace barley grains in concentrate mixture while EPPs could replace berseem hay in TMR up to 50%
level without affecting nutrient utilization, VFA production, ME availability and microbial biomass production

under in vitro conditions.

Keywords: Barley grains, Berseem hay, Empty pea pods, In vitro, Kinnow waste, Livestock,
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The human population in Asia and Africa will increase
by 41 and 47%, respectively in 2050. The general consensus
is that global agriculture production has to be increased by
60—70% from the current levels to meet the increased food
demand in 2050 (Silva 2018). Today, 55% of the world’s
population lives in urban areas, which is expected to
increase to about 70% in 2050. According to the latest FAO
projections, demand for meat in low and middle-income
countries will increase by over 200% by 2050 and per capita
meat consumption is likely to rise from 34 to 49 kg/annum
(FAO 2018). Increased economic growth, income levels
and urbanization of rural population in the developing
countries are responsible for ever increasing demand of
animal proteins especially meat and dairy products (Devi
et al. 2014, Silva 2018). Consequently, it will result in
increased feed demand.

There is shortage of feed in most of the Asian and African
countries. In India, there is a shortage of 25, 159 and 117
million tonnes (mt) of concentrates, green forages and crop
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residues corresponding to a shortage of 32, 20 and 25% of
the requirement (Ravi Kiran ef al. 2012). Therefore, non-
conventional, alternate feed resources which do not compete
with human food will have to be explored. FAO (2014)
estimated that at least one-third of the food produced in the
world (estimated as 1.3 billion tonnes) is wasted every year.
The losses and waste of horticultural commodities are the
highest among all types of foods reaching up to 60%
(Gustavsson ef al. 2011). In this context, byproducts/wastes
available from fast developing food processing industries
like that of fruit and vegetables can play significant role in
improving the availability of feed stuffs for livestock and
poultry. The fruits and vegetable production in India
increased from 65.6 and 128.45 mt to 97.36 and 184.4 mt,
respectively from 2007-08 to 2017-18 resulting in 48.44
and 43.55% increase fruit and vegetables production
(Anonymous 2018). Processing, distribution and
consumption of fruit and vegetables resulted in about 25—
30% wastage and their disposal in waste land and river efc.
will lead to environmental pollution. An in vitro study was,
therefore, taken up to assess the extent to which kinnow



440

waste can substitute cereal grains in the concentrate mixture
and empty pea pods as substitute of berseem hay in total
mixed ration without affecting nutrient utilization, VFA
production, ME availability and microbial biomass
production.

MATERIALS AND METHODS

Kinnow waste and empty pea pods: Kinnow mandarin
(Citrus reticulata) is a hybrid of two citrus cultivars—‘King’
(Citrus nobilis) x ‘“Willow Leaf” (Citrus x deliciosa). The
mixture of peels, residual pulp and seeds left after the
extraction of juice by the processing industry is called
kinnow waste. Likewise after shelling peas (Pisum sativum)
for human consumption, the leftover material is called
empty pea pods or shells.

Chemical composition of feed stuffs: The finely ground
samples of feed stuffs were analyzed for DM, CP and total
ash (AOAC 2007), cellulose (Crampton and Maynard 1938)
and other cell wall constituents like NDF, ADF and ADL
(Van Soest et al. 1991). Hemicellulose was determined by
difference in NDF and ADF.

In vitro gas production studies: The nutritional value of
KW as substitute of barley grains in concentrate mixture
and EPP as substitute of berseem hay in TMR were
evaluated by in vitro gas production technique (IVGPT;
Menke et al. 1979, Menke and Steingass 1988).

Three rumen fistulated male buffalo calves used as donor
for rumen liquor were maintained on 2 kg conventional
concentrate mixture (Maize 32, barley 20, soybean meal
15, groundnut extraction 15, rice bran 15, mineral mixture
2 and common salt 1% each), 2 kg green fodder and ad lib.
wheat straw. The rumen contents were collected before
feeding at 09:00 in a thermos flask flushed with CO, and
maintained at 39°C. The rumen contents were blended for
2-3 min in a blender and strained through four-layers of
muslin cloth. The solution containing 960 ml distilled water,
0.16 ml micro-mineral solution, 660 ml bicarbonate buffer,
330 ml macro-mineral solution and 1.6 ml resazurine (0.1%)
were mixed in a Woulff flask (3 L) with magnetic stirrer in
awater bath at 39°C. The mixture was continuously flushed
with CO,. Then strained rumen liquor (SRL) was added to
the buffer media in the ratio of 1:2.

Finely ground KW-concentrate mixtures (375+5 mg) or
EPP-TMRs (on DM basis) was incubated in triplicate in a
water bath at 39°C for 24 h in 100 ml calibrated glass
syringes (Haberle Labortechnik, Germany) with buffered
rumen fluid. If the volume of gas in the syringe exceeded
70 ml after 8 h, the volume was recorded and the gas was
expelled. After 24 h, the volume of gas produced in each
syringe was recorded and the contents of syringes were
transferred to spout-less beaker, boiled with neutral
detergent solution for assessing the true OM and NDF
digestibility.

Estimation of volatile fatty acids: After 24 h of
incubation, a 5 ml aliquot of fluid from each syringe was
mixed with 1 ml of 25% meta-phosphoric and kept for 1 h
at ambient temperature. Thereafter, it was centrifuged at
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5500 rpm for 10 min and clear supernatant was collected
and stored at —20°C until analyzed. The VFAs were
estimated using Netchrom 9 100 gas chromatograph
equipped with glass column (packed with chromosorb 101)
and flame ionization detector (Cottyn and Boucque 1968).
Temperature of injection port, column and detector was set
at 250, 175 and 270°C, respectively. The flow rate of carrier
gas (N,) through the column was 15 ml/min; and the flow
rate of H, and air through FID was 30 and 300 ml/min,
respectively. Sample (2 pl) was injected through the
injection port using a Hamilton syringe (10 pl). Individual
VFA’s of the samples were identified on the basis of their
retention time and their concentration (mmol) and calculated
by comparing the retention time as well as the peak area of
standards after deducting the corresponding blank values.

Hydrogen recovery, hydrogen consumed via CH,/VFA
(Demeyer 1991), VFA utilization index which represents
non-glucogenic VFAs to glucogenic VFAs ratio (NGGR),
and microbial biomass synthesis and methane produced
during fermentation were calculated from VFA
concentration (Widiawati and Thalib 2009). The energetic
efficiency of rumen fermentation (E; Qrskov et al. 1968),
efficiency of conversion of fermented hexose energy to VFA
energy (E; Czerkawski 1986) and efficiency of conversion
of fermented hexose energy to CH, energy (E,; IAEA 1985)
were calculated from the molar proportion of VFAs (Baran
and Zitnan 2002).

The data were analyzed by one way ANOVA (Snedecor
and Cochran 1994) by using SPSS (2009) version 16.0 and
the means were tested for the significant difference by
Tukey’s-b test.

RESULTS AND DISCUSSION

Experiment 1: Kinnow waste constituted 50% of
processed kinnows. The citrus waste contains 60—65% peel,
30-35% internal tissues and up to 10% seeds (Ashbell et
al. 1988). Due to the high moisture and sugar contents and
presence of mould and yeast, citrus pulp gets rapidly
deteriorated (Wing 2003, Nam et al. 2009) and may cause
environmental pollution. Therefore, it should be sun dried
or should be ensiled to increase its shelf life. The nutrients
in fruit juice waste mainly from sweet lime, without peels
were conserved by mixing and ensiling with wheat or rice
straw in 70: 30 ratio (Bakshi ez al. 2007).

The chemical analysis revealed that the sundried ground
KW contained 8.28% total ash, 91.72% OM, 13.30% CP,
7.10% EE, 30.0% NDF, 23.3% ADF and 20.5% cellulose.
The proximate components and cell wall constituents of
KW observed in the present study were on the higher side
than those observed in citrus pulp (Nellemann et a/. 2009,
FAO 2013). Citrus pulp is a rich source of trace elements;
however, their concentration is much below the maximum
tolerance limit for ruminants (Wadhwa ez al. 2015). Datt et
al. (2008) reported 63.74% IVDMD and 7.67 MJ ME/kg
DM in orange peels.

The total ash content increased (P<0.01) while OM
content decreased (P<0.01) linearly with the increase in
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level of kinnow waste in the concentrate mixtures. The increase in level of kinnow waste. The increase in EE, NDF,
comparable CP content indicated that the concentrate ADF and cellulose with the increase in level of replacement
mixtures were isonitrogenous (Table 1). The NDF, ADF was mainly because kinnow waste had higher
and cellulose contents increased (P<0.01) linearly with the concentrations of these constituents as compared to barley

Table 1. Effect of replacing barley grains with kinnow waste on N-basis on the chemical composition of concentrate mixture

Parameter Level of kinnow waste replacing barley grains in concentrate mixture (%) PSE P value
0 25 50 75 100

Ingredient composition (%)

Barley 50.0 37.5 25.0 12.5 -

Kw - 12.5 25.0 37.5 50.0

GNC 20.0 20.0 20.0 20.0 20.0

SBM 11.0 11.0 10.0 10.0 10.0

Rice bran 16.0 16.0 17.0 17.0 17.0

MM 2.0 2.0 2.0 2.0 2.0

NaCl 1.0 1.0 1.0 1.0 1.0

Chemical composition (% DM basis)

Ash 7.002 7.85b 8.55¢ 9.054 9.35¢ 0.28 <0.001

oM 93.00¢ 92.154 91.45¢ 90.95° 90.65% 0.28 <0.001

CP 21.65 21.75 21.40 21.60 21.90 0.12 0.828

EE 4.00* 4.45b 4.95¢ 6.004 6.60¢ 0.32 <0.001

NDF 24.87% 25.002 257020 26.7% 27.20¢ 0.32 0.002

ADF 15.952 16.50% 17.20b¢ 17.80¢ 19.454 0.41 <0.001

HC 8.92 8.50 8.50 8.9 7.75 0.11 0.909

Cellulose 11.10* 11.60% 11.69% 12.10° 13.22¢ 0.24 0.001

ADL 3.50 3.60 4.10 3.40 4.40 0.14 0.068

KW, Kinnow waste; GNC, Groundnut extraction; SBM, Soybean meal; MM, Mineral mixture.

Table 2. Effect of replacing barley with kinnow waste on N-basis on the net gas production, digestibility, ME availability and
volatile fatty acid production from concentrate mixture

Parameter Level of kinnow waste replacing barley grains in concentrate mixture, % PSE P value
0 25 50 75 100

NGP (ml/24 h/g DM) 203.11° 201.77° 201.77° 193.77% 188.442 1.72 0.002
TOMD (%) 85.81 86.52 85.98 87.66 86.99 1.14 0.499
TDMD (%) 86.53 87.20 86.80 88.27 88.00 0.65 0.357
PF 1.852 1.852 1.842 1.942b 1.98P - 0.016
ME (MJ/kg DM) 8.31 8.35 8.50 8.38 8.26 - 0.421
Volatile fatty acids production (mM/dL)

TVFA 4.15b 4.44¢ 5.63¢ 4.032 4.754 0.19 <0.001
Acetate (A) 2.282 2.47¢ 3.31¢ 2.38P 2.944 0.13 <0.001
Propionate (P) 1.33¢ 1.394 1.66¢ 1.142 1.29b 0.06 <0.001
Isobutyrate 0.031b¢ 0.0292b 0.0434 0.026? 0.034¢ 0.002 <0.001
Butyrate 0.360° 0.392¢ 0.4414 0.3342 0.3342 0.014 <0.001
Isovalerate 0.084° 0.094 0.103¢ 0.0802 0.088¢ 0.003 <0.001
Valerate 0.071¢ 0.0754 0.084¢ 0.0642 0.068° 0.002 <0.001
A:P 1.722 1.78b 2.00¢ 2.084 2.28¢ - <0.001
Relative proportion (%)

Acetate 54.96? 55.56° 58.68¢ 59.114 61.84¢ 1.33 <0.001
Propionate 31.91¢ 31.244 29.42¢ 28.39b 27.122 1.43 <0.001
Isobutyrate 0.74b 0.66% 0.76° 0.65% 0.722b 0.07 0.009
Butyrate 8.664 8.83d 7.83b 8.28¢ 7.032 0.13 <0.001
Isovalerate 2.024 2.044 1.822 1.97¢ 1.86Y 0.22 <0.001
Valerate 1.70¢ 1.684 1.49b 1.59¢ 1.432 - <0.001

NGP, Net gas production; TOMD, True OM digestibility; TDMD, True DM digestibility; PF, Partitioning factor; ME, Metabolizable
energy; TVFA, Total volatile fatty acids; PSE, Pooled standard error. #YFigures with different superscripts in a row differ significantly.
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grains. The hemicelluloses and acid detergent lignin (ADL)
contents were comparable in all the concentrate mixtures.

The replacement of barley with kinnow waste did not
affect net gas production up to 50% level of replacement
(Table 2) but it declined (P<0.001) after 75% level in the
concentrate mixtures. Likewise ME content increased
numerically (P>0.05) up to 50% level of replacement of
barley grains with kinnow waste. The digestibility of true
OM and that of DM was not affected by the level of kinnow
waste. Assis et al. (2004) also reported that dried citrus
pulp could be used as a cereal substitute in concentrate diets
because of its high OM digestibility and energy availability
(2.76-2.9 Mcal ME/kg DM and 1.66—-1.76 Mcal NE/kg
DM) for lactating dairy cows. The ME availability is 85—
90% that of maize and comparable to barley (NRC 2001).
The replacement of barley grains with kinnow waste had
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comparable partitioning factor up to 75% level which
improved (P<0.05) thereafter.

The total and individual VFAs production improved up
to 50% level of replacement of barley grains with kinnow
waste and it declined thereafter. The relative proportion of
acetate increased (P<0.01) while that of propionate
decreased (P<0.01) with the increase in graded level of
kinnow waste in the concentrate mixture. Unlike cereals, its
energy is not based on starch but on soluble carbohydrates
and digestible fibre. Citrus pectins are easily and extensively
degraded producing acetic acid which is less likely than lactic
acid to cause a pH drop and result in acidosis (Gohl 1982).
Due to its high fibre content, the long rumination of citrus
pulp produces large quantities of saliva that has a buffering
effect on rumen pH. Citrus pulp is, therefore, considered as
a safer feed than cereals for animals fed high-concentrate,

Table 3. Effect of replacing barley with kinnow waste on N-basis on the fermentation efficiency and microbial biomass synthesis
from concentrate mixture

Parameter Level of kinnow waste replacing barley grains in concentrate mixture (%) PSE P value
0 25 50 75 100
HR (%) 48.39¢ 47.554 44.42¢ 43.45P 40.934 1.43 <0.001
HC 0.2052 0.2072 0.241° 0.248¢ 0.2924 - <0.001
E (%) 79.22¢ 78.934 77.91¢ 77.54b 76.732 - <0.001
E, (%) 84.424 84.22¢ 82.66° 82.59b 81.092 0.64 <0.001
E, (%) 13.68% 14.00P 14.71¢ 15.174 15.63¢ - <0.001
MBM (g/day) 106.08b 113.63¢ 143.63¢ 102.652 120.584 4.85 <0.001

HR, Hydrogen recovery; HC, Hydrogen consumed via CH,/VFA; E, Efficiency of rumen fermentation; E,, Efficiency of fermented
hexose energy to VFA energy; E,, Efficiency of fermented hexose to methane; VFA UI, VFA utilization index; MBM, Microbial
biomass. ®Means with different superscripts in a row differ significantly.

Table 4. Effect of replacing Trifolium alexandrium (Berseem) hay with empty pea pods on N-basis on the chemical
composition of total mixed ration

Parameter Level of empty pea pods replacing berseem hay in total mixed ration, % PSE P value
0 25 50 75 100

Ingredient composition (%)

Berseem 50.0 37.5 25.0 12.5 -

EPP - 12.5 25.0 37.5 50.0

Barley 25.0 24.0 23.0 22.0 21.0

Groundnut extraction  10.0 10.0 10.0 10.0 10.0

Soybean meal 5.0 6.0 7.0 8.0 9.0

Rice bran 8.0 8.0 8.0 8.0 8.0

Mineral mixture 1.0 1.0 1.0 1.0 1.0

NacCl 1.0 1.0 1.0 1.0 1.0

Chemical composition (%6 DM basis)

Ash 9.55d 9.154 8.50¢ 8.05P 7.6% 0.24 <0.001

OM 90.452 90.852 91.50° 91.95¢ 92.404 0.24 <0.001

CP 18.30 18.10 18.80 18.30 18.05 0.12 0.303

EE 3.30b 3.00b 3.20b 2.402 2.502 0.12 0.001

NDF 40.582 41.10? 41.202 42.70° 43.05° 0.33 0.001

ADF 25.50 25.70 26.20 26.10 26.65 0.16 0.092

HC 15.08? 15.40? 15.00? 16.60° 16.40° 0.23 0.003

Cellulose 16.302 16.102 16.302 17.50b 17.96° 0.26 0.004

ADL 4.502 4.702 5.35b 4,902 4.90% 0.10 0.021
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low-roughage diets as is practiced in high yielding dairy
cows (Ashbell e al. 1988). No specific trend was observed
in the relative proportion of remaining VFAs.

The hydrogen recovery, fermentation efficiency and
efficiency of conversion of fermented VFA energy to hexose
energy declined linearly with the increase in level of kinnow
waste in the concentrate mixture, however, hydrogen
consumption and microbial biomass synthesis increased up
to 50% level of replacement, and declined thereafter
significantly (Table 2). Gravador et al. (2014) reported that
feeding citrus pulp at more than 40% level in complete feed
depressed palatability, impaired nutrient absorption and
animal performance.

Experiment 2. Fresh EPPs constitute 50-55% of garden
peas. Ajila et al. (2012) reported that EPP constitute only
40-50% of garden peas. The sundried ground EPPs
contained 6.23% total ash, 93.77% OM, 18.75% CP, 1.13%
EE, 39.40% NDF, 23.55% ADF and 18.7% cellulose.
However, CP content in pea pods was higher than reported
earlier (Khattab ef al. 2000, Khan and Atreja 2001). Earlier
studies revealed that EPPs contained higher cell wall
constituents than the values obtained in the present study
(Bakshi and Wadhwa 2013). The variation in EPPs yield
and chemical composition could be due to different
agronomic practices adapted in different regions. The EPPs
are rich in total soluble sugars (35.8%), total phenolics
(9.4%) and macro and microminerals (Bakshi and Wadhwa
2013). Pea pods were found to possess 66.20% [VDMD
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and 8.01 MJ ME/kg DM (Datt et al. 2008).

The total ash content decreased (P<0.01) while organic
matter content increased (P<0.01) linearly with the increase
in level of EPPs replacing berseem hay in the total mixed
rations (Table 4). The comparable crude protein content
indicated that the TMRs were isonitrogenous. The
replacement of berseem hay with EPPs up to 50% level did
not affect EE, NDF, cellulose and hemicelluloses content
but beyond 50% level of replacement EE content decreased
(P<0.01), whereas cell wall constituents content increased
(P<0.01). However, there was no difference in the
concentration of these constituents at 75 and 100%
replacement level. The ADF content exhibited similar trend,
but the differences were non-significant.

The NGP improved (P<0.05) up to 50% level of
replacement of berseem hay with empty pea pods (Table
5), thereafter it declined (P>0.05). The digestibility of true
DM and OM improved (P<0.01) up to 50% level of
replacement of berseem hay with empty pea pods, thereafter
it declined significantly. The higher NGP, digestibility of
DM and true OM resulted in higher ME availability from
TMRs at 50% level of replacement of berseem hay with
empty pea pods the ME availability declined thereafter. The
digestibility of DM and OM was comparable to in vivo
values obtained in bucks fed fresh EPPs ad /ib. (Wadhwa
et al. 2006). The partitioning factor was comparable in all
the TMRs. Earlier reports revealed that fresh EPPs
supplemented with mineral mixture and common salt can

Table 5. Effect of replacing Trifolium alexandrium (Berseem) with empty pea pods on N basis on the net gas production,
digestibility, ME availability and volatile fatty acid production from total mixed ration

Parameter Level of empty pea pods replacing berseem hay in total mixed ration, % PSE P value
0 25 50 75 100

NGP (ml/24 h/g DM) 188.02 195.112b 199.11° 194.222b 192.892b 1.20 0.025
TOMD, % 78.42° 79.15b¢ 80.39¢ 77.73% 75.862 0.81 0.002
TDMD, % 79.87b¢ 80.53b¢ 81.60° 79.07° 77.202 0.82 0.004
PF 1.45 1.89 1.85 1.91 1.91 0.10 0.609
ME (MJ/kg DM) 7.77% 7.882b 8.03b 7.702 7.702 - 0.020
Volatile fatty acids production (mM/dL)

TVFA 4.54b 4914 5.23¢ 4212 4.81°¢ 0.11 <0.001
Acetate (A) 2.88P 3.104 3.29¢ 2.66% 3.02¢ 0.07 <0.001
Propionate (P) 1.11b 1.18¢ 1.264 0.992 1.16¢ 0.03 <0.001
Isobutyrate 0.0312 0.038¢ 0.0414 0.0322 0.035° 0.001 <0.001
Butyrate 0.3912 0.446° 0.476¢ 0.40° 0.4544 0.011 <0.001
Isovalerate 0.0742 0.086° 0.093¢ 0.0732 0.087° 0.003 <0.001
Valerate 0.056° 0.0654 0.070¢ 0.0552 0.063¢ 0.002 <0.001
A:P 2.60% 2.632 2.622 2.68P 2.612 - 0.001
Relative proportion (%)

Acetate 63.464 63.04%¢ 62.94° 63.12¢ 62.702 - <0.001
Propionate 24.40¢ 24.00° 24.05° 23.582 24.04° - <0.001
Isobutyrate 0.682 0.78b¢ 0.79¢ 0.77b¢ 0.74b - 0.001
Butyrate 8.602 9.09b 9.10P 9.48¢ 9.42¢ - <0.001
Isovalerate 1.622 1.76¢ 1.79¢ 1.73b 1.80¢ - <0.001
Valerate 1.242 1.33¢ 1.34¢ 1.31b 1.31b - <0.001

NGP, Net gas production; TOMD, True OM digestibility; TDMD, True DM digestibility; PF, Partitioning factor; ME, Metabolizable
energy; TVFA, Total volatile fatty acids. “PFigures with different superscripts in a row differ significantly; PSE, Pooled standard error.
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Table 6. Effect of replacing Trifolium alexandrium (Berseem) with empty pea pods on N basis on the fermentation efficiency and
microbial biomass synthesis from total mixed ration

Parameter Level of empty pea pods replacing berseem hay in total mixed ration (%) PSE P value
0 25 50 75 100
HR (%) 38.41b 38.37° 38.465 38.122 38.63¢ 0.03 0.002
HC 0.27¢ 0.26" 0.26" 0.252 0.252 - <0.001
E (%) 75.70° 75.65° 75.68P 75.532 75.72b 0.23 0.002
E; (%) 80.86? 81.08P 81.12b¢ 81.16° 81.314 2.01 <0.001
E, (%) 17.032 17.22° 17.20° 17.44¢ 17.24b 0.53 <0.001
MBM (g/day) 116.23% 125.494 133.41° 107.79% 123.19¢ 2.89 <0.001

HR, Hydrogen recovery; HC, Hydrogen consumed via CH,/VFA; E, Efficiency of rumen fermentation; E,, Efficiency of fermented
hexose energy to VFA energy; E,, Efficiency of fermented hexose to methane; VFA UI, VFA utilization index; MBM, Microbial
biomass. ®Means with different superscripts in a row differ significantly.

be fed ad lib. to adult ruminants without affecting productive
performance of animals (Bakshi ez al. 2016). The total and
individual VFAs production improved (P<0.01) up to 50%
level of replacement of berseem hay with empty pea pods
(Table 5), thereafter it declined (P<0.01). The relative
proportion of acetate and propionate decreased (P<0.01)
with the increase in level of empty pea pods in the TMRs.
No specific trend was observed in the relative proportion
of remaining VFAs.

The hydrogen recovery and fermentation efficiency were
not affected by replacing berseem hay by EPPs up to 50%.
But at higher levels of replacement (75 and 100%), these
parameters were depressed significantly (P<0.01). The
efficiency of conversion of fermented VFA energy to hexose
energy (E,) and efficiency of conversion of fermented VFA
energy to methane energy (E,) increased with the increase
in level of empty pea pods in the TMRs (Table 6). The
microbial biomass synthesis increased up to 50% level of
replacement and it declined (P<0.01) thereafter. Earlier
reports indicated that microbial protein synthesis was
second highest in animals fed fresh pea pods ad [lib. as
compared to those fed other fresh vegetable wastes ad Iib.
(Wadhwa et al. 2006).

Kinnow waste could replace barley grains in concentrate
mixture, while empty pea pods could replace berseem hay
in TMR up to 50% level without affecting nutrient
utilization, VFA production, ME availability and microbial
biomass production under in vitro conditions. Both the
wastes are excellent source of nutrients for the livestock.
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