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ABSTRACT: In this study, 25 weaned bucks weighing 8.40kg were used to evaluate rumen kinetics (rumen pH, bacteria,
fungi, protozoa, NHs-N production and volatile fatty acids production) of Red Sokoto bucks at 30, 60 and 90 days of feeding
diets containing varying levels of soybean milk residue as a replacement for soybean meal. The diets were designated
T1, T2, T3, T4, and T5. The Red Sokoto goats were fed diets containing varying levels of soybean milk residue with Ficus
lyrata as a basal diet at 30, 60 and 90 days of the experiment. Complete Randomized Design (CRD) was used in this
experiment. Rumen pH did not change significantly throughout the experiment but fluctuated around 6.03 and 6.56. NHz-
N production in the rumen reduced at 60 days but picked up at 90 days. Volatile fatty acids also maintained a similar
production profile throughout the experiment. Protozoa, fungi and bacteria counts reduced at 60 days but increased at 90
days. Protozoa counts were highest for bucks receiving diets containing 100% soybean milk residue throughout the
experiment. Fungi count was highest in T3 (28.03) for buck receiving diets containing 50% soybean milk residue at 30
days and T2 (21.46) for buck receiving diets containing 25% soybean milk residue at 90 days. The least bacteria count
was recorded in T4 (9.61) for buck receiving diets containing 75% soybean milk residue at 30 days. The highest bacteria
count was recorded in T5 (41.16) for buck receiving diets containing 100% soybean milk residue at 90 days. Soybean milk
residue supplementation did not cause any disruption in the rumen ecology.
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INTRODUCTION

There is an alarming shortage of meat in the daily diet of
an average Nigerian due to the high cost of feeding during
animal production which resulted in the high cost of meat
products. Feed cost accounts for between 50% and 75%
of the total cost of production (Orayaga, 2016). Cheaper
alternative sources of feedstuff for livestock that will
reduce feeding costs and boost production for the utmost
product supply are important to improve animal protein
intake and sustain the livestock sector (Ahamefule et al.,
2001; Esonu et al., 2003). Hence, the solution to high feed

costs in animal production may lie in the use of farm or
agro-industrial by-products such as soybean milk residue
to replace the already expensive soybean meal. Soybean
milk residue is the residue (sludge) remaining after
extracting juice from ground soybeans. It is rich in protein
and fibre but usually dumped on refuse sites after soymilk
extraction (Li et al., 2013). It is readily available and cheap
in towns and villages where cheese is widely produced and
eaten (lyeghe-Erakpotobor, 2010). A conscious effort to
properly channel this seemingly good quality feedstuff for
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feeding ruminants like goats will enhance additional
production value. Ruminants have evolved to possess a
diverse symbiotic microbiota in their rumen, mainly
consisting of bacteria, archaea, ciliated protozoa, fungi,
and viruses (Firkins and Yu, 2015). These microbiotas are
associated with ruminant production and health traits such
as feed efficiency (Li and Guan, 2017), methane (CHa)
yield (Wallace et al., 2015), milk composition (Jami et al.,
2014), and ruminal acidosis (McCann et al., 2016).
Digestion of plant fibre are potential target for manipulation
to improve ruminant productivity as well as to reduce CHgs
emissions (Li et al., 2019). Maintaining rumen pH is very
important for the persistence and stability of the gut
microbiota (Franzolin and Dehority, 2010). Rumen NH3-N
is the major source of rumen nitrogen and the end product
of ruminal proteolysis (Ikyume, 2021). Rumen volatile fatty
acids (VFA) have long been recognized as important
intermediate compounds in the energy utilization of
ruminants (Hamada et al., 1985). Rumen microbial
fermentation transforms feed components into useful
VFAs (lkyume, 2021). This study is, therefore, aimed at
evaluating the stability of the rumen pH, NH3-N and VFAs
production, bacteria, fungi and protozoa of Red Sokoto
bucks when fed soybean milk residue as a replacement for
soybean meal.

MATERIALS AND METHODS

This research was carried out in the Teaching and
Research Farm, and Biochemistry Laboratory of Federal
Polytechnic, Bali B ward, Bali Local Government Area
(LGA) of Taraba State, Nigeria. Bali covers a total land
area of about 5,500 km and extends between latitude 8°
35' 00" North of the equator and 10° 46’ 00" East of the
Greenwich Meridian (Taraba State Government, 2020).
Whole maize grains are sourced and crushed without
dehulling. Maize offals were sourced from millers.
Soybean milk residues were bought from sellers of
soybean milk. The residues were dried properly and
crushed. Soybean meal was bought from AFCOT Oil Mill,
Ngurore, Adamawa State. The SBM is produced after
milling out vegetable oil from full-fat soybeans. Twenty-five
(25) Red Sokoto bucks were assigned to the treatment
diets using acompletely randomized design. Each
treatment was assigned 5 bucks with each buck
representing a replicate. 70 ml of rumen samples were
collected from each buck at 30, 60 and 90 days six hours
post feeding using a stomach suction tube according to the
procedure by Babayemi and Bamikole (2006). Immedia-
tely after sample collection, rumen pH was determined
using a pH meter (Universal pH Test Kit- Digital pH
Meter®). The samples were then filtered using a muslin
with four layers. Each sample filtrate was divided into three
equal portions. One portion was placed in a test tube to
which 1 ml sulphuric acid has been added to stop microbial

fermentation and then centrifuged for about 10 minutes.
The supernatant was collected and used to analyze NHz-
N using the Kjeldahl distillation and titration process
according to AOAC (2005) method.

Titre value x 0.1 x17.1 x 100

NH3 —N =
10

A second portion of the filtered sample was used for
microbial count. The protozoan population was determined
by direct observation using a magnified (x10) microscope.
Bacteria and fungi colonies were determined using nutrient
agar and potato dextrose agar respectively. The agar plate
was incubated for 24 hours at room temperature after
which all colonies formed were counted using a digitally
illuminated colony counter. The third portion of the filtered
sample was used to determine the total Volatile Fatty Acid
(VFA) by titration. Rumen liquor was titrated with 0.1N
NaOH solution in the presence of an indicator to express
the VFA content of the rumen. This method is a
modification of the conventional potentiometric titration
method. NaOH was matched with VFA content in the
samples (Siedlecka et al., 2008). All data collected in this
study were subjected to Analysis of variance (ANOVA)
appropriate using Minitab16 (2004) statistical software.
Significant differences between treatment means were
separated by Fisher's least square difference using the
same statistical package.

RESULTS AND DISCUSSION

The diets were designated as T1, T2, T3, T4, and T5 as
seenin Table 1. Tables 2, 3 and 4 show the rumen ecology
of Red Sokoto goats fed diets containing varying levels of
soybean milk residue with Ficus lyrata as a basal diet at
30, 60 and 90 days of the experiment.

The results obtained show that there was a significant
difference (p<0.05) in the rumen pH values at 30 days of
feeding and no significant difference (p>0.05) at 60 and 90
days of feeding soybean milk based diets. The rumen pH
is within the 6-6.4 (Franzolin and Dehority, 2010), 6.33-
6.50 (Ikyume et al., 2017) and 6.8-7.5 (Falk et al., 2016)
range acceptable for rumen functioning. Stability in the
rumen pH may be due to the rate of absorption of short-
chain fatty acids (Aeschbacher et al., 2010). An increase
in rumen pH above 7.0 may make the rumen intolerable
for fibrolytic bacteria (Roger et al., 1990) and reduce
rumen microbial proliferation (van Soest, 1994).

Soybean milk inclusion did not affect (p>0.05) the rumen
ammonia nitrogen (NH3-N) at 30 and 60 days of feeding
except (p<0.05) at 90 days which is similar to the findings
of Terry et al. (2018) and lkyume (2021) when they fed
humate diets to heifers and West African dwarf goats, res-
pectively. However, Ikyume (2021) observed a significant
difference in NH3-N at 90 days of feeding humate diets.



Table 1. Composition of experimental diet.

Sylva-Nyom et al.

Experimental diet

Ingredients

T1 T2 T3 T4 T5
Maize 5.00 5.00 5.00 5.00 5.00
Sorghum chaff 10.00 10.00 10.00 10.00 10.00
Maize offal 57.74 57.74 57.74 57.74 57.74
SBMR 0.00 6.06 12.13 18.20 24.26
SBM 24.26 18.20 12.13 6.06 0.00
Bone ash 2.00 2.00 2.00 2.00 2.00
Common salt 1.00 1.00 1.00 1.00 1.00
Total 100 100 100 100 100
Calculated analysis %
Crude Protein 18.00 16.31 14.62 12.92 11.23
Crude Fibre 7.11 7.30 7.49 7.69 7.84
Ether Extract 3.26 3.39 3.53 3.66 3.79
Ash 4.63 4.46 4.29 412 3.95
NFE 67.00 68.60 70.07 71.67 73.19
ME (Kcal/kg) 2477.50 2401.37 2325.12 2248.84 2172.71

SBMR= soybean milk residue, SBN=soybean meal, NFE= nitrogen free extract, ME= metabolizable energy. T1= 0% Soybean
milk residue, T2= 25% Soybean milk residue, T3= 50% Soybean milk residue, T4= 75% Soybean milk residue, T5= 100%

Soybean milk residue.

Table 2. Rumen ecology (at 30 days) of Red Sokoto goats fed diets containing varying levels of soybean milk residue with

Ficus 3yrate as basal diet.

Parameters Treatments SEM P- value
Tl T2 T3 T4 T5
pH 6.14° 6.3020 6.362 6.28° 6.562 0.07 0.0036
NH;-N  (g1001) 21.89 19.54 21.78 21.14 18.31 0.90 0.0447
TVFA (mmol/100mol) 7.13 7.07 7.06 6.90 6.88 0.08 0.1756
Acetate (mmol/100mol) 3.37 3.27 3.35 3.29 3.24 0.05 0.3119
Propionate (mmol/100mol) 2.25 2.17 2.19 2.18 2.15 0.03 0.3567
Butyrate (mmol/100mol) 0.33 0.30 0.32 0.30 0.29 0.02 0.2887
AP 1.50¢ 1.51bc 1.532 1.51b 1.50¢d 0.00 0.0001
Protozoa (x103cell/ml) 34.37° 37.46%  38.06% 39.452 40.392 1.12 0.0119
Fungi (cfu.ml) 16.28¢ 19.29¢ 28.032 20.54¢ 24.47° 0.40 0.0001
Bacteria (cfu.ml) 10.44¢% 20.09 12.46¢ 9.614 15.17° 0.50 0.0001

acd\eans with different superscript within the same row differ significantly (P<0.05). NHs;-N= ammonia nitrogen, TVFA= total volatile fatty

acids, A:P= acetate-propionate ratio.

The concentration of ammonia nitrogen in the rumen
depends on the diet, reaches its peak at 2-4 hours post-
feeding (Wang et al., 2009) and could be affected by
deamination (Wallace, 2004). According to Wanapat et al.
(2009), an increase in NHs-N absorption by rumen
epithelium could reduce its concentration in the rumen.
Rumen NHs-N is the major source of rumen nitrogen and
the end product of ruminal proteolysis (Ikyume, 2021).
Rumen volatile fatty acids (VFA) are intermediate

compounds associated with energy utilization by
ruminants (lkyume et al., 2017). Non-significant effects
(p>0.05) observed for total volatile acid at 30 and 60 days
of feeding soybean milk diets are in line with the
observations of Terry et al. (2018) and Ikyume (2021) and
the significant effects (p<0.05) in acetate, butyrate and
propionate throughout the feeding trial and the total volatile
acid values obtained at 90 days of feeding soybean milk
diets are consistent with the report of Ogunbosoye et al.
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Table 3. Rumen ecology (at 60 days) of Red Sokoto goats fed diets containing varying levels of soybean milk residue with

Ficus lyrata as basal diet.

Parameters Treatments SEM P- value
T1 T2 T3 T4 T5
pH 6.19 6.10 6.22 6.18 6.44 0.12 0.4145
NHs-N  (g100%) 19.92 14.59 19.25 18.97 15.8 1.40 0.0534
TVFA (mmol/100mol) 7.59 7.36 7.63 7.85 7.44 0.12 0.0641
Acetate (mmol/100mol) 3.30° 3.62% 3.622 4.002 3.40Pb 0.10 0.0015
Propionate (mmol/100mol) 2.21P 2.492b 2.4080 2.662 2.35P 0.07 0.0028
Butyrate (mmol/100mol) 0.29° 0.342 0.3320 0.392 0.30Pb 0.02 0.0055
AP 1.4920 1.45° 1.512 1.502 1.44b 0.01 0.0017
Protozoa (x103cell/ml) 28.51 29.52 30.85 31.98 33.30 1.41 0.1653
Fungi (x10%cell/ml) 12.96¢ 11.83¢ 15.562 16.742 13.62b¢ 0.54 0.0001
Bacteria (x103cell/ml) 22.38 16.64 12.87 11.08 17.22 0.88 0.0001

acMeans with different superscript within the same row differ significantly (P<0.05). NH;-N= ammonia nitrogen, TVFA= total volatile fatty acids,

A:P= acetate-propionate ratio.

Table 4. Rumen ecology (at 90 days) of Red Sokoto goats fed diets containing varying levels of soybean milk residue with

Ficus lyrata as basal diet.

Treatments
Parameters T T2 T3 Ta - SEM P- value
pH 6.03 6.27 6.26 6.22 6.43 0.15 0.4878
NH;-N (g100%) 21.442 19.612 20.77°  16.49° 17.07% 0.69 0.0001
TVFA (mmol/100mol) 7.342 6.39¢ 6.600¢ 7.302 7.0520 0.12 0.0001
Acetate (mmol/100mol) 3.452b 3.13¢ 3.17b¢ 3.512 3.32abc 0.07 0.0033
Propionate (mmol/100mol) 2.302 2.08° 2.10° 2.332 2.223 0.04 0.0019
Butyrate (mmol/100mol 0.31 0.32 0.29 0.32 0.31 0.01 0.2373
AP 1.49 1.50 1.51 1.51 1.50 0.01 0.0559
Protozoa (x103cell/ml) 32.84 41.08 33.54 36.09 42.74 3.03 0.1106
Fungi (x10%cell/ml) 17.04° 21.462 16.64° 10.70d 13.66¢ 0.14 0.0001
Bacteria (x103cell/ml) 36.18° 39.55P 32.42¢ 33.58d 41.16% 0.27 0.0001

abcdeMeans with different superscript within the same row differ significantly (P<0.05). NH3;-N= ammonia nitrogen, TVFA= total volatile fatty

acids, A:P= acetate-propionate ratio.

(2022). The reduction in acetate, butyrate and propionate
at 90 days of feeding agrees with the observation of El-
Zaiat et al. (2018) under in vivo conditions. Most VFAs are
absorbed across the reticulorumen wall, directly into the
bloodstream, and are used by the ruminant as substrates
for energy production and biosynthesis (Diao et al., 2019).
VFA proportions in the rumen depend largely on the diet
fed to the animals (Ikyume, 2021). The acetate-propionate
ratios were significant (p<0.05) at 30 and 60 days of
feeding but there was no significant difference (p>0.05)
among treatments at 90 days of feeding soybean milk
diets. The values for the acetate-propionate ratios were
similar to those reported by France and Dijikstra (2005)
and lkyume (2021).

Rumen protozoa counts varied among treatment diets at
30 days of feeding but did not vary at 60 and 90 days of

feeding soybean milk diets. The rumen protozoa counts
were high at 30 days, reduced at 60 days and increased
at 90 days. This may be due to stable rumen pH in those
days. The availability of protozoa helps degrade and digest
feed carbohydrates, especially starch, sugars and protein
(McCann et al.,, 2016). Fungi counts were significant
(p<0.05) throughout the feeding trial. This is not consistent
with the findings of Galip et al. (2010) and lkyume (2021)
when they fed humate to rams and WAD goats,
respectively. The presence of rumen fungi is important
because they hydrolyse some ester linkages between
lignin and hemicellulose or cellulose, and help break down
digesta particles (Li et al., 2019). Bacteria count was not
significant (p>0.05) at 30 days but had an effect (p<0.05)
at 60 and 90 days. The reduction of bacteria at 60 days
may be due to feed efficiency (Li and Guan, 2017)



methane (CH4) yield (Wallace et al., 2015) or ruminal
acidosis (McCann et al, 2016). Rumen bacteria
preferentially digest structural carbohydrates, non-
structural carbohydrates, and protein, respectively (Li and
Guan, 2017).

Conclusion

Soybean milk residue supplementation did not cause any
disruption in the rumen ecology and when supplemented
up to 100% to replace soybean meal in the diets, ensured
a very stable rumen ecology for goats.

Recommendation

Complete replacement of soybean meal by soybean milk
residue in goat diets can support a healthy rumen and
ultimate feed efficiency.
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