RESEARCH ARTICLE
In vitro Evaluation of Newer Unconventional Feedstuffs for

Livestock

Praveen S. Banakar'*, Ally Kulangara®, Nira M. Soren®, George Dominic3, Megolhubino Terhuja®, Chikkagoudara K. Prasad?

ABSTRACT

The study assessed the chemical composition, digestibility, and fermentation metabolites of six unconventional feedstuffs: bamboo
leaves (BL), turmeric waste (TW), spent cumin (SC), cooked barley residue (CBR), water hyacinth (WH), and soya sauce waste (SSW) as
ruminant feedstuffs through in vitro gas production test. The crude protein content ranged from 11.82% (CBR) to 17.98% (WH), while
the ether extract was higher in SSW, followed by TW. The neutral detergent fiber (NDF) content was lower in WH (46.6%) and higher in
TW (65.83%), while the acid detergent fiber (ADF) was higher in TW and lowered in SSW. Spent cumin had higher lignin than turmeric
waste. Gas production (mL/200 mg; 24 h) was higher (p <0.05) in CBR and lowest in the SSW sample. The digestibility of dry matter
(DM) and organic matter (OM) followed the same pattern and were higher (p <0.05) in CBR and lower in the BL sample. The microbial
biomass production (mg/200 mg DM) was significantly (p <0.05) higher in SSW and lower in CBR and BL samples. The ME (MJ/ kg DM)
was higher (p <0.05) for CBR and lower for BL and SSW samples. The NH;-N (mg/100 mL) concentration was higher (p <0.05) in BL
and SSW and lower in other samples. Acetate production was higher (p <0.05) in WH and lowest in other samples, while CBR and WH
samples yielded more (p <0.05) propionate than other samples. Total short-chain fatty acids (SCFA) production was higher (p <0.05)
in CBR and WH and lowest in other feed samples. Newer feedstuffs like cooked barley residue spent cumin and water hyacinth were

highly digestible and rich in energy and therefore can be fed to ruminants.
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INTRODUCTION

Livestock plays a significant role in the advancement and
economic growth of developing countries like India.
However, the major constraint associated with livestock
production is pressure on the land available for fodder
production, which is only 3.3-4.41 % of the total cultivable
area (Reddy, 2011). Scarcity of high-cost concentrate feeds
and varying quantity and quality of livestock feed for year-
round feed supply (Banakar et al., 2017) have led to low
productivity, growth, and reproduction of animals. There is a
deficit of feed resources in India to the tune of 7.58, 56.73 and
30.37 % for dry roughages, green grasses, and concentrates,
respectively (Ramachandra et al., 2007). These facts justify
the increased use of non-conventional feed resources for
animal feeding. Hence, evaluating the nutritive value of
different unconventional feeds is of greaterimportance. The
nutritive value of ruminant feed is determined by its chemical
compositions and the rate and extent of digestion in the
rumen (Kumar et al., 2015). Among the available methods, in
vitro gas production (IVGP) test is one of the best methods
for determining the nutritive value of feedstuffs since the
rate and extent of degradation and rumen fermentation can
be determined by measuring the volume of gas production
(Banakar et al., 2017).

In light of the above facts, this study was planned to
identify and nutritionally evaluate some of the promising
unconventional feedstuffs using in vitro gas production
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test, which would help predict the rumen fermentation
characteristics of these feeds and future incorporation of
these ingredients more effectively and judiciously in the
livestock feeds for optimizing the ruminant productivity.

MATERIALS AND METHODS

Samples Collection and Preparation

Six unconventional feed samples available locally in Kerala
were identified and collected for the study. The identified
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feed samples were bamboo leaves (BL; Bambusoideae),
turmeric waste (TW; Curcuma longa), spent cumin (SC;
Cuminum cyminum), cooked barley residue (CBR; Hordeum
vulgare), water hyacinth (WH; Eichhornia crassipes) and
soya sauce waste (SSW; Glycine max). Turmeric waste spent
cumin and CBR were collected from ayurvedic medicinal
industries located in Thrissur, Kerala. Five kg of all the
samples were dried in a hot air oven at 60°C for 48 hours
and ground to pass a 1 mm screen, and stored in air-tight
containers.

Chemical Analysis

The proximate composition of six unconventional feed
samples was determined in duplicate as per AOAC (2005). The
cell wall constituents, namely, neutral detergent fiber (NDF),
acid detergent fiber (ADF), lignin, cellulose, and hemicellulose
of the feed samples, were determined (Goering and Van
Soest, 1970) and expressed inclusive of residual ash. The six
feedstuffs’ gross energy content was determined using a
bomb calorimeter (Parr Instrument Company, USA).

In Vitro Gas Production and Substrate Digestibility

In vitro gas production test (IVGPT) was carried out as per
Menke et al. (1979). A total of three incubations in non-
uplicate (three syringes per incubation) for each sample
were kept for assessing 24 hours gas production (GP),
digestibility, and other fermentation attributes. For in vitro
gas production test, the rumen fluid was collected from three
6-year-old male Holstein Friesian crossbred cattle (Average
BW 380 + 15 kqg) fitted with a permanent rumen fistula in
the morning before feeding. The donor animals were fed
on a maintenance diet comprising of green roughage and
concentrate mixture @40 and 2 kg/d, respectively. The rumen
fluid samples were brought to the laboratory under anaerobic
conditions in a thermos flask and strained through a four-
layer of muslin cloth, pooled, and used as inoculum for IVGP
test.

About 200 mg of samples were weighed into 100 mL
calibrated glass syringes in non-uplicate. Petroleum jelly
was applied to the piston of the syringes to ease movement
and to prevent the escape of gas. The syringes were pre-
warmed (39°C) for 1-hours, before the addition of 30 + 1.0
mL of buffered rumen fluid into each syringe under CO,
flushing. The syringes were then placed in a BOD incubator at
39°C. Four blank syringes containing only 30 mL of buffered
rumen fluid were incubated to estimate gas production due
to endogenous substrates for the blank corrections. The
syringes were gently shaken every hour during the first 8
hours of incubation, and readings were recorded at the end of
24 hours of incubation. In vitro DM and OM digestibility were
estimated using methods suggested by Van Soest et al. (1991).
The metabolizable energy (ME) content of unconventional
feedstuffs was calculated using the equation of Menke et al.
(1979).

Volatile Fatty Acids and Ammonical Nitrogen
Estimation

For VFA estimation, an aliquot of 0.8 mL 24 hours
post-incubated sub-sample was mixed with 0.2 mL of
metaphosphoric acid (25%; w/v) in a micro-centrifuge tube,
allowed to stand for half an hour, and centrifuged at 7000
rpm for 20 min at 4°C. The supernatant was injected into gas
chromatography (7890A GC System gas chromatography,
Agilent Technologies), and individual VFAs were determined
as per Filipek and Dvofak (2009). Ammonia nitrogen was
determined colorimetrically (Weatherburn, 1967).

Statistical Analysis

The data on in vitro gas production, digestibility, and
short-chain fatty acids were subjected to one-way analysis
of variance using SPSS software (SPSS, 2008). Treatment
means were separated using Duncan’s multiple range test.
A P-value of less than 0.05 was accepted to indicate statistical
significance.

ResuLts AND Discussion

Proximate Composition

The chemical composition and fiber fractions of the evaluated
unconventional feed samples are presented in Table 1. The
content of non-fiber carbohydrates (NFC) ranged from 2.06
(bamboo leaves) to 25.22% (CBR). The crude protein (CP)
in the samples ranged from 11.82 % for CBR to 17.98 % for
water hyacinth (WH), while ether extracts ranged from 2.2%
in WH to 17.19% in soy sauce waste (SSW). The total ash
content ranged from 2.14% in CBR to 26.66% in SSW. The
concentration of NDF and ADF was higher in turmeric waste
(65.8; 40.7 %), followed by BL and SC. Based on the cell wall
constituents, water hyacinth and SSW could be categorized
as medium fibrous feeds with high protein content.

The CP content of water hyacinth (WH) found was almost
similar to the value reported by Aboud et al. (2005) in its
leaves (18.03%), shoots (18.04%), and the entire plant (8.53%).
The higher CP content of WH plant found is commensurable
to some of the common leguminous fodders like cowpea
(16.58%), berseem (17.05%) (Kumar et al,, 2015). Water hyacinth
is also a rich source of minerals with total ash content of
18%, analogous to the value reported by Aboud et al. (2005).
As such, it contains high moisture (89%); however, before
offering to the animal, it can be sun/air dried to reduce
the moisture content. It can be fed to a different class of
livestock as supplemental feeding to meet the partial protein
requirement.

The chemical composition of spent cumin in our study
was comparable with values reported by Sultan et al. (2009)
for black cumin seed. The difference in the value of CP and
EE can be attributed to the species difference and extraction
process involved during the processing of cumin. The
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nutritive value of bamboo leaves determined in the present
study was in conformity with the finding of Antwi-Boasiako
et al. (2011) for Bambusa ventricosa and Bambusa vulgaris
leaves. Similarly, Sahoo et al. (2009) studied the chemical
composition and nutritive value of leaves of different bamboo
cultivars and reported that on DM basis, CP ranged from 14.61
to 20.39, EE from 1.39 to 4.73, NDF from 65.38 to 78.53, ADF
from 41.58 to 53.23 and AIA from 4.38 to 11.01 %.

In Vitro Gas Production

The average gas productions (mL/200 mg substrate) from the
fermentation of different unconventional feeds are shown in
Table 2. Gas production ranged from 6.8 mL for SSW to 56.8
mL for CBR. Incubation of cooked barley residue (CBR) yielded
a higher (p <0.05) volume of fermentable gas, while soya
sauce waste (SSW) was lower among the different samples.
The gas production from the incubation of water hyacinth
(18.8 mL/200 mg) observed in our study was in agreement
with the report (14.5 to 18.5 mL/200 mg DM) of Khan et al.
(2002). Sahoo et al. (2009) in Himachal Pradesh reported gas
production ranging from 17.7 to 33.8 mL/200 mg DM for
twelve different bamboo leaves at similar maturity levels.

These values are higher than the present ones, which may
be attributed to the differences in the cell wall content of the
selected sample and the seasonal variations.

Digestibility and Metabolizable Energy

The metabolizable energy (MJ/kg DM) contents of different
unconventional feedstuffs assessed through in vitro gas
production test (Table 2) were significantly different (P <0.05)
from each other, with the exception of bamboo leaves and
water hyacinth. The average ME (MJ/kg DM) of feed samples
arranged from highest to lowest was: CBR (11.55), SC (8.1), TW
(6.12), SSW (5.3), water hyacinth (4.57), and bamboo leaves
(4.52). The predicted ME values of different feedstuffs in our
study found were very close to the range reported for other
unconventional feedstuffs (Kumar et al.,, 2015). The differences
in the ME value of various unconventional feedstuffs was
mostly due to variation in the content of fermentable
carbohydrates and nitrogen present in feedstuffs.

The average true DM digestibility (TDMD) percent
revealed a significant difference (p <0.01) between BL, TW,
SC, CBRWH, but there was no significant difference between
SSW, WH, and spent cumin. The TDMD was higher (p <0.05)

Table 1: Chemical composition (% DM basis), fibre and gross energy (kcal/kg) content of unconventional feedstuffs

Component BL T™w Ne CBR WH SSw
Chemical composition (%)

Crude protein (CP) 17.41 13.14 17.29 11.82 17.98 17.89
Ether extract (EE) 3.91 12.82 8.31 343 2.2 17.19
Crude fibre (CF) 31.33 7.01 14.94 6.28 14.4 11.35
Total ash 16.21 12.0 4.6 2.14 18 26.66
Nitrogen free extract (NFE) 31.14 55.03 54.86 76.33 47.42 26.91
Fibre content (%)

Neutral detergent fibre (NDF) 60.41 65.83 59.91 57.39 46.59 49.16
Acid detergent fibre (ADF) 30.62 40.70 36.01 27.19 33.95 233
Acid detergent lignin (ADL) 13.02 3.47 20.44 39 831 12.2
Cellulose 20.01 19.33 17.13 13.28 27.6 13.7
Hemicellulose 29.79 25.13 23.90 13.20 12.64 26.03
Non-fibre carbohydrate (NFC) 2.06 3.79 9.89 25.22 15.22 10.90
Gross energy (MJ/kg DM) 14.28 14.69 17.43 15.19 15.28 18.65

BL, Bamboo leaves; TW, Turmeric waste; SC, Spent cumin; CBR, Cooked barley residue; WH, Water hyacinth; SSW, Soya sauce waste.

Table 2: In-vitro gas production, digestibility, metabolizable energy, microbial biomass production (MBP) and partitioning factor of
unconventional feedstuffs

Attribute BL w SC CBR WH Ssw

Gas production (mL/200 mg; 24 h) 15.57 +0.25¢ 13.5 +£0.60¢ 26.42 +0.62° 56.75+0.297 18.8+0.40° 6.82 +0.30
True DM digestibility (%) 49.18 +0.33¢ 60.79 + 1.20¢ 76.30 £ 0.56° 87.05+0.26° 7279+1.36° 74.87 £0.31°
True OM digestibility (%) 49.10 £ 0.62°¢ 60.11 + 1.20¢ 76.02 +0.57° 86.94+0.26° 7193+1.62° 7487+0.10°
Partitioning factor - PF (mg/mL) 5.0 +0.07¢ 7.6 +0.20° 5.37 +0.14 2.87 £0.02° 6.02 + 0.02¢ 15.5 £0.66%
MBP (mg/200 mg DM) 4537 +0.75¢ 73.52 £ 0.84¢ 85.15+1.91° 4352+0.83¢ 7355+1.80° 90.57 +0.57°
Metabolizable energy (MJ/kg DM) 4.52£0.04° 6.12+0.10¢ 8.1+0.10° 11.55+0.05* 4.57 +0.06° 5.3+0.05¢

Means with different letters in a row differ significantly (p <0.05).
BL, Bamboo leaves; TW, Turmeric waste; SC, Spent cumin; CBR, Cooked barley residue; WH, Water hyacinth; SSW, Soya sauce waste.
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in CBR and lower in BL. The trend of true OM digestibility
(TOMD) among the different unconventional feed followed a
similar pattern to that of TDMD, and accordingly, a significant
difference (p <0.01) was observed between all the feed
samples except for SSW (74.87 £ 0.10) and spent cumin (76.02
+ 0.57). Accordingly, the TOMD of CBR was significantly
(p <0.05) higher and that of BL was lower in the study. The
value obtained in the present study for WH was 26 % higher
than that reported by Khan et al. (2002). The higher value
obtained in our study was attributed to lower fiber and ADL
levels in the substrate. The estimated values of digestibility
of twelve bamboo leaves by Sahoo et al. (2009) ranged
from 47.43 to 56.45% for dry matter and 50.58 to 63.26%
for organic matter. The TDMD and TOMD of bamboo leaves
in the present study are in agreement with these reported
values. The relatively low content of structural fiber in the
feedstuffs can facilitate the colonization of the feed by the
rumen microbial population, which in turn might induce
higher fermentation rates, therefore improving digestibility. A
lower level of structural carbohydrates (NDF and ADF: Table 1)
and higher content of NFCin CBR gave rise to higher DM and
OM digestibility in the present study.

Microbial Biomass Production and Partitioning Factor

Results pertaining to the microbial biomass production (MBP)
and partitioning factor (PF) are presented in Table 2. The MBP
was significantly higher (p <0.05) in SSW and lower in BLand
CBR. However, there was no significant difference between
TW (73.52 mg) and WH (73.55 mg), and BL (45.37 mg), and
CBR (43.52 mg). Microbial nitrogen is the major source of
protein for ruminants and is utilized to meet the maintenance
requirement of the animal. Microbial biomass is produced in
the rumen from the degradation of feed material (substrate).
In the in vitro gas production system, the substrate (200 mg)
kept forincubation is either degraded by the rumen microbes
into short-chain fatty acids or incorporated into microbial
biomass with the liberation of fermentation gases. Microbial
biomass production is more when a substrate is used to grow
micro-organisms and less for the fermentative gas. Water
hyacinth and turmeric waste could be helpful in the synthesis
and supply of microbial protein.

According to Blimmel et al. (1999), higher PF value of a
feed indicates higher efficiency of MBP and lower methane
output by the ruminant. The partitioning factors for SSW
(15.5), turmeric waste (7.6 £ 0.20) and water hyacinth (6.02 +
0.02) were more than the theoretically possible value of 4.41.

The highest MBP production of these three unconventional
feed samples concurred with results of Blimmel et al. (1999).
Thus, these feed samples might also be helpful in mitigating
methane production. The higher PF has been reported
for tannins-rich feedstuffs which ranged from 3.1 to 16.1
(Getachew et al., 2000). The high PF could be either due to
the solubilization of tannins from the feed, and these tannins
would not make any contribution to gas or energy in the
system. Furthermore, cooked barley residue (2.87 + 0.02) had
the lowest PF value, followed by spent cumin and bamboo
(5.37 £ 0.14 and 5 £ 0.07 respectively). The PF is considered
as an index of efficiency of microbial biomass synthesis
(Blimmel etal., 1999). Proportional to the amount of substrate
degraded, lower gas production (higher PF) is an indicator
of greater microbial biomass synthesis (Singh et al., 2010).

Fermentation Metabolites

Data related to total volatile fatty acids (TVFA; mmol/L),
acetate: propionate ratio and ammonical nitrogen of the
evaluated feeds is presented in Table 3 and individual VFA in
Fig. 1. Rumen ammoniacal nitrogen production was highest
(p <0.05)in BLand SSW and lower in other feedstuffs without
any significant difference among them. Eschenlauer et al.
(2002) suggested that the ammonia concentration is mainly

Acetate (mmol/L)
Propionate (mmol/L)

V SC  CBR WH SSW RL TW SC CBR WH SSW

w e

Butyrate (mmol/L)
~

Valerate (mmol/L)

o

BL TW

SC  CBR WH SSW BL TW SC

CBR  WH SSW

Fig. 1: Individual volatile fatty acids (mmol/L): A) Acetate, B)
Propionate, C) Butyrate, D) Valerate, production from different
unconventional feedstuffs. Columns with different letters in a graph
differ significantly (p <0.05).

BL, Bamboo leaves; TW, Turmeric waste; SC, Spent cumin; CBR,
Cooked barley residue; WH, Water hyacinth; SSW, Soya sauce waste;
ND, Not detected.

Table 3: /n vitro ruminal ammonical nitrogen and total volatile fatty acids production from different unconventional feedstuffs

Attribute BL ™w sC CBR WH SSW
Ammonical nitrogen (mg/100 mL) 37.01+425  18.15+0.89° 1880+0.85° 17.09+0.40° 19.07+211°  31.30+242°
Total volatile fatty acids (mmol/L) 39.87+5.17°  34.18+226° 4430+6.75° 6576+1.38°  6552+2.60° 32.90+2.18°
C2:C3 ratio 2.19 +0.08° 254+005°  2.18+0.01° 1.69+0.02¢  2.01+001° 2.87+0.11°

Means with different letters in a row differ significantly (p <0.05).

BL, Bamboo leaves; TW, Turmeric waste; SC, Spent cumin; CBR, Cooked barley residue; WH, Water hyacinth; SSW, Soya sauce waste.
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related to the content of protein in the feed samples and
also it is influenced by the factors that have effect on the
degradability of the proteins. The same phenomenon was
evident in our study with higher concentration of ammonia
production in BL and SSW samples vis-a-vis the other
samples. The higher production of ammonia in bamboo
leaves indicated a higher level of soluble protein in it.

The concentration of acetate (mmol/L) was significantly
(p <0.05) higher in water hyacinth (40) and CBR (38.59) than
in soya sauce waste, bamboo leaves, turmeric waste and
spent cumin (22.54, 25.37, 22.81 and 28.29, respectively).
Hungate et al. (1952) reported that the rations containing
large amounts of cellulose are characterized by high numbers
of gram-negative cocci, which are responsible for more
acetate production. The same phenomenon was evident in
this study for water hyacinth (27.6% cellulose) sample and
the lower production of acetate in SSW may be due to less
cellulose available (13.7%) for fermentation.

The propionate concentration (mmol/L) was higher
(p <0.05) in CBR (22.78) and water hyacinth (19.87) and
lower in rest of the feedstuffs (Fig. 1). Cooked barley residue
had highest NFC content which is the main precursor for
propionate production. Degradation of organic matter
into VFA results in the formation of surplus hydrogen gas.
Under most condition the surplus of H, is eliminated by
methanogenic bacteria (Van Lingen et al., 2016). Under
conditions of a high rate of degradation of non-structural
carbohydrates, the capacity of methanogenic bacteria may
be insufficient to remove the surplus of hydrogen. Thus, over
accumulation of hydrogen in the rumen is prevented by
the microflora diverting the production of acetate to more
reduced acids such as propionate and lactate) Ungerfeld,
2015). Similar phenomenon might have enhanced the
propionate production in some of the feed samples in the
present study. The NFC content was high for CBR (25.22) and
water hyacinth (15.22), which acts as a main precursor for
propionate synthesis. When a large quantity of non-structural
carbohydrates is fed to the animal, a large proportion of the
TVFA formed in the rumen is propionate than when large
amount of structural carbohydrates are present in the diet.

The concentration of butyrate (mmol/L) was higher
(p <0.05) in CBR (3.95) and water hyacinth (3.90) than rest of
the feedstuffs. Valeric acid was not detected in the incubation
media of bamboo leaves and turmeric waste. Valerate
concentration (mmol/L) was higher (p <0.05) in CBR (0.45)
than in SSW (0.28), water hyacinth (0.20) and spent cumin
(0.19). The total volatile fatty acids (mmol/L) concentration
followed similar pattern to that of butyrate concentration
and was higher (p <0.05) for CBR (3.95) and water hyacinth
(3.90 + 0.18) and lower for rest of the feedstuffs.

The acetate to propionate ratio was wide (p <0.05) in
SSW (2.87) and significantly narrow in rest of the feeds. The
narrower ratio indicated more propionate production thus
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less hydrogen is available for methane production, and a
wide-ratio is an indication of a more acetogenic fermentation
associated with the activity of fibrinolytic bacteria degrading
substrates rich in structural carbohydrates (Blimmel et al.,
1999).

CoNcLUSION

Nutrient composition of water hyacinth, spent cumin,
bamboo leaves, and soya sauce waste showed that these
feedstuffs could be useful as protein supplements in
ruminant feeding. The enhanced values of metabolizable
energy and volatile fatty acid in cooked barley residue
spent cumin and water hyacinth imply its ability to meet the
energy requirements of tropical ruminants. However, protein
supplementation will be required when turmeric waste and
cooked barley residue are included in the diet for ruminants.
Nevertheless, more research, on animal responses, through
in vivo experiments is required to support the nutritional
characteristics reported in this study.
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