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Probiotic-Fortified Cassava Peel Enhances Ruminal Fermentation in
Complete Feed: An In Vitro Evaluation
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Abstract | This study evaluated the use of cassava peel fortified with probiotics as a forage source on i7 vifro ruminal
fermentation products. The experimental diets maintained a forage-to-concentrate ratio of 60:40. The concentrate
consisted of rice bran (58%), corn meal (25%), soybean meal (6%), coconut cake (9%), mineral mix (1%), and salt (1%).
'The experiment was arranged in a Completely Randomized Design (CRD) with five treatments and five replications:
T1 (60% native grass + 40% concentrate); T2 (30% native grass + 30% cassava peel + 40% concentrate); T3 (T2 + 1%
probiotic); T4 (15% native grass + 45% cassava peel + 40% concentrate); and T5 (T4 + 1% probiotic). The probiotic used
was Bacillus pumilus st. L1 (1% = 28x10" CFU/g). Parameters observed included proximate analysis, HCN content,
gas production, dry matter digestibility (DMD) and organic matter digestibility (OMD), ammonia (NH,), volatile
fatty acids (VFA), and methane (CH,). Results showed that the nutritional content of the complete feed included
6.59-12.75% crude protein and 3,776-3,922 kcal/kg energy. The treatments had a significant effect (P<0.05) on total
gas production (143.03-190.68 ml), pH (5.45-6.34), DMD (77.27-85.05%), OMD (76.10-80.45%), and ammonia
levels (5.90-15.05 mM). In conclusion, utilizing T3(30% cassava peel fortified with probiotics in a complete feed as a
forage substitute is recommended as the optimal formulation for practical application, in relation to the estimated pH
content that is still tolerable for application to livestock.
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INTRODUCTION

Indonesia is among the global cassava producers,
after Nigeria and Thailand. The cassava production
in Indonesia reached 19,053,748 tons in 2017 (Central
Bureau of Statistics, 2018). In 2018, cassava production in
Jambi Province reached 56,605 tons and is forecasted to
keep increasing. The highest productivity was in 2022 with
28.54 tons of cassava per hectare (Mu'min ez al., 2024).
Cassava is a high-yielding crop that produces a significant
amount of agricultural waste, particularly in the form of
peels and leaves. Cassava peels serve as a viable alternative

feedstuff, a water content of 14.62%, 73.29% starch and
21.02% amylose and 52.27% amylopectin (Wasistha ez a/.,
2021).

'The crude protein content of cassava leaves varies between
16.01% and 39.90%, while the protein content of the peels
ranges from 3.45% to 6.50%. Additionally, the tannin
content is higher in the leaves, ranging from 1.17% to
21.60%, compared to peels, which contain only 0.12% to
0.31% (Fasae and Yusuf, 2022). However, the utilisation of
cassava peels and leaves is limited due to the presence of
hydrocyanic acid (HCN), a potent anti-nutritional factor.
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Hydrogen cyanide (HCN) interferes with cellular
respiration by blocking the transport of oxygen in the
blood, which can lead to rapid cell death due to asphyxia
(Jadav ez al.,2019).The safe threshold for HCN in livestock
feed is 500 parts per million (ppm) based on fresh weight
and 200 ppm based on dry weight (Karthika and Kalpana,
2017). Fresh cassava peels in this study contained HCN
levels of 404.41 mg/kg, after the cassava peel is dried, the
HCN content becomes 230 mg/kg. Processing methods
such as drying, silaging, and extrusion have been shown to
significantly reduce HCN levels (Raguati ¢z a/., 2022; Qi
et al.,2024).

To optimize the utilization of cassava peels and enhance
rumen fermentability, probiotics are essential. Probiotics
provide a viable solution by stabilizing the rumen ecosystem,
improving digestibility, and boosting the immune response
(El-Tawab ez al., 2016). Bacillus pumilus St. L1 has been
identified as a highly effective probiotic strain that can
increase feed intake and rumen fermentation capacity
while also eradicating pathogenic microorganisms in the

rumen (Raguati, 2016; Raguati ez al., 2022).

Although there are benefits to using cassava peel, further
evaluation is needed to understand the synergy between
high inclusion levels of cassava peel and probiotic
fortification in a complete feed system. This study aimed
to assess the impact of cassava peel, used as a forage source
and fortified with Bacillus pumilus St. L1, on ruminal
digestibility, ammonia (NH,) levels, and volatile fatty acid
(VFA) production, using an iz vitro method. The hypothesis
of this research is that the higher the replacement of green
todder with cassava peel in rations enriched with probiotic
supplementation, the higher the digestibility, ammonia,
VFA and total rumen gas production values.

MATERIALS AND METHODS

MATERIALS

This study was conducted at the Laboratory of Animal
Feed and Nutrition within the Faculty of Animal Science
at Jambi University. The in vitro method was used to
estimate feed degradability and to determine the optimal
formulation for complete feed (Tilley and Terry, 1963).

The feed materials used in the study included native field
grass, concentrates, cassava peel, and probiotics (Bacillus
pumilus St. L1). The concentrate was formulated with the
tollowing components: 58% rice bran, 25% milled corn, 9%
coconut dreg, 6% soybean dreg, 1% mineral mix, and 1%
salt. The probiotic used was at a concentration of 1%, which
means 1 millilitre contains 2.8 x 1010 CFU/g (Colony
Forming Units). This 1% of probiotic was inoculated into
100 g of rice bran, which acted as a carrier. From the 100

grams of inoculated rice bran, 1% (or 10 g) was then mixed

with 1000 g of the complete feed.

METHODS

The experiment utilized a Completely Randomized

Design (CRD) with five treatments and five replications.

The treatments were as follows:

*  P1: 60% native grass + 40% concentrate (Control)

*  P2: 30% native grass + 30% cassava peel + 40%
concentrate

*  P3: 30% native grass + 30% cassava peel + 40%
concentrate + 1% probiotics

*  P4: 15% native grass + 45% cassava peel + 40%
concentrate

* P5: 15% native grass + 45% cassava peel + 40%
concentrate + 1% probiotics

CYANIDE CONTENT MEASUREMENT (SUDARMADJI,
1997)

Weigh 10-20 g of finely ground cassava peel silage, add 100
ml of distilled water to a Kjeldahl flask, and let stand for
2 hours. Add another 100 ml of distilled water and steam
distillate. The distillate is collected in an Erlenmeyer flask
filled with 20 ml of 2.5% NaOH. After the distillation
(collected in the Erlenmeyer flask) reaches a volume of 150
ml, the distillation process is stopped. 5 ml of 5% KI and 8
ml of NH,OH are added. The distillate mixture is titrated
with 0.02 N AgNO, solution until turbidity appears.

Then, the hydrocyanic acid content is calculated using the
formula:

(ml AgNO3 X 0.54)
HCN =
(sample weight (g))

Note: 1 ml 0.02 N AgNO, = 0.54 mg HCN

DRYING CASSAVA PEELS

First, wash the cassava peels thoroughly. After washing,
dry the peels in an oven at a temperature of 60°C, then
grind them into a fine powder. Next, prepare a complete
teed formula. The forage portion of the feed will consist of
elephant grass. The concentrate will include the following
ingredients: 58% rice bran, 25% corn, 6% soybean meal,
9% coconut meal, 1% mineral mix, and 1% salt. Finally,
assemble the complete feed according to the specified
experimental design.

IN vITRO PROCEDURES

Rumen fluid is collected in a plastic bottle, kept in a 39°C
water bath, and transported to the lab. It is then strained
through cheesecloth and mixed with McDougall buffer in
a 1:4 v/v ratio (Tilley and Terry, 1963). A total of 2000

ml of rumen fluid-buffer mixture is transferred into a dark
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2500 ml CO,-saturated bottle with an automatic dispenser.
Approximately 1 g of each diet is placed in pre-warmed
serum bottles, followed by the addition of 40 ml of the
mixture. Each bottle is sealed, with 53 bottles prepared
for five treatments and three blanks. They are incubated
at 39°C for 48 hours. To indicate the start of incubation,
gas bubbles are released from each bottle. Gas production
is measured at 3, 6, 9, 12, 24, and 48 hours using a 10 ml
piston glass syringe, assessing gas volume through piston
displacement. Methane production is quantified using a
syringe connected to a gas washing vessel containing 4 M
NaOH to absorb CO,, with total gas and CH, production
calculated by subtracting blank values. Total cumulative gas
production is shown in Table 2, while hourly gas changes/
kinetics can be seen in Figure 1.
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Figure 1: The kinetics of gas production during in witro
incubation period for 72 hours.

Ammonia and volatile fatty acids (VFAs) were measured
after a 48-hour incubation period. Samples were
centrifuged at 3,500 rpm for 10 minutes to separate the
liquid from the precipitate. Ammonia concentration was
determined using the Conway micro-diffusion technique.
VFAs were analysed with a Hewlett-Packard 5890 gas
chromatograph with a Flame Ionization Detector (FID),
using nitrogen as the carrier gas at a flow rate of 0.5 ml/sec,
and burning gases of oxygen and hydrogen at 5 ml/sec and
0.5 ml/sec, respectively. The column temperature was set to
125°C, with the injector and detector at 160°C and 200°C,
respectively (Afzalani ez al., 2015).

DATA COLLECTION AND PARAMETERS

The chemical composition of the diets was determined

through proximate analysis, and the hydrocyanic acid

(HCN) content was measured. Ruminal fermentability

parameters were assessed using the iz vifro gas production

technique. The observed variables included:

*  Fermentability: Total gas production, ammonia
(NH,) concentration, and volatile fatty acid (VFA)
production.

+  Digestibility: Dry Matter Digestibility (DMD) and
Organic Matter Digestibility (OMD).

* Environmental impact: Estimated methane (CH,)
production.

STATISTICAL ANALYSIS

All data were analyzed using Analysis of Variance
(ANOVA). Significant differences between treatment
means were further evaluated with Duncan’s Multiple

Range Test (DMRT) at a 5% significance level.
RESULTS AND DISCUSSION

NUTRITIONAL QUALITY OF CASSAVA PEEL AND
PROBIOTIC-FORTIFIED FEED

The nutrient composition of the complete feed
formulations used in this study is presented in Table 1. The
crude protein (CP) content ranged from 6.59% to 12.75%.
These values indicate that the formulated complete feed
meets the nutritional requirements for breeding cows, beef
cattle, buffalo meat, and goats. This complete ration with a
crude protein content of 6.59% to 12.75% is not suitable
for lactating goats. Despite the low protein content in the
teed, the presence of probiotics enhances fermentation in
the rumen. This is evidenced by an increase in total gas and
volatile fatty acid (VFA) production. The observed increase
in total gas indicates improved digestibility and a higher
VFA yield in the in vitro process (Silva ez al., 2024; Dhakal
et al., 2022). Gas production serves as a key parameter
of rumen microbial activity, which is essential for the
synthesis of energy and protein from microbes. The higher
the microbial population in the rumen fluid, the more BO
teed can be degraded and the gas produced will increase.
(Ramdani ef a/., 2017).

Table 1: Nutrient content of complete feed (%).

Nutrients Treatmens
T1 T2 T3 T4 T5

Dry Matter ~ 92.390 92.422 92.107 92.099 92.035
Crude Protein 12.747 10.989 8.351  6.593 7.912
Crude Fat 3.28 2.78 2.37 2.31 1.875
Crude Fiber 22.435 17.605 16.260 14.780 15.920
Ash 9.531 7.199 7422 6227  6.551
GE (Kcal/kg) 3922 3840 3883 3768 3776

T1: 60% native grass + 40% concentrate, T2: (30% native grass
+ 30% cassava peel) + 40% concentrate, T3: (30% native grass
+ 30% cassava peel) + 40% concentrate + probiotics, T'4: (15%
native grass + 45% cassava peel) + 40% concentrate, T'5: (15%
native grass + 45% cassava peel) + 40% concentrate + probiotics.

A major limiting factor in the utilization of cassava peels is
their hydrocyanic acid (HCN) content. In this study, fresh
cassava peel contained 401.40 mg/kg of HCN. However,
after the drying process, the HCN levels were significantly
reduced to 201.60 mg/kg, bringing them closer to safe
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consumption thresholds for livestock. In this study, cassava
peels were not used alone but were mixed with other feed
ingredients, which is not an issue. Although the hydrogen
cyanide (HCN) content in the feed remains high, the
addition of probiotics facilitates effective fermentation
in the rumen, leading to a reduction in HCN levels. This
decrease in HCN is attributed to the presence of the
probiotic Bacillus pumilus St. L1. Bacillus pumilus is known
to produce two key enzymes: Cyanide Dihydratase (CynD),
also known as Cyanidase, and B-glucosidase, both of which
are essential for hydrolyzing cyanogenic glucosides. This
bacterium is effective in breaking down the chemical bonds
in Linamarin, a cyanogenic glycoside found in cassava,
which releases HCN. The Cyanide Dihydratase enzyme
trom Bacillus pumilus helps to neutralize cyanide poison

(Jandhyala ez al., 2003).

The incorporation of Bacillus pumilus St. L1 into animal
feed enhances nutrient utilization. This cellulolytic
bacterium is known for its high tolerance to carbohydrate-
rich media and its ability to improve nutrient absorption
in the digestive tract (Raguati es a/, 2022). Bacillus
pumilus St. L1 can produce xylanase, an enzyme that
breaks down xylan polymers by cleaving internal bonds
to yield xylooligosaccharides (XOS). According to Lee ez
al. (2018), rumen-derived xylanases are crucial for fiber
degradationand the fermentation of xylan hydrolysates by
beneficial microbes highlights the potential of xylanase in
producing prebiotics, which further stabilize the ruminal
environment.

RUMEN FERMENTATION

TOTAL GAS AND METHANE PRODUCTION

The total gas production is an indicator of the efficiency
of ruminal fermentability. Higher total gas production
suggests more favourable ruminal fermentation. In vitro
data related to cassava peel in a complete feed can be found

in Table 2.

A significant increase in total gas production was observed
in the T4 and T'5 treatments compared to T1 (P < 0.05).
Both T4 (45% cassava peel, no probiotic) and T5 (45%
cassava peel plus probiotic) displayed statistically similar
high gas volumes, measuring 188.20 ml and 190.68 ml,
respectively. This indicates that at high inclusion levels,
the abundance of readily fermentable carbohydrates in
cassava peel is the primary factor driving the volume of
fermentation gas, which in turn stimulates rapid microbial
activity. We acknowledge the relatively high SEM for total
gas production. This variability is likely attributed to the
biological nature of the rumen liquor used as inoculum
in the in wvitro system, which can exhibit inherent
fluctuations in microbial activity despite standardized
collection. However, despite this variability, the treatment
effects (T4 and T5) remained statistically significant (P
< 0.001) compared to the control, suggesting a robust
response to the probiotic-fortified cassava peel. The high
gas production in these treatments aligns with the VFA
production pathways; typically, fermentation of fibrous
carbohydrates that yields acetate and butyrate results
in higher gas (CO2 and CH4) compared to propionate
production (Jonker ¢z al., 2020).

Although the total gas content in T4 and T'5 varied, their
fermentation efficiencies differed as well. T5 achieved a
significantly higher Organic Matter Digestibility (OMD)
compared to T4. This suggests that while the cassava
peel substrate produced a high total gas content, the
presence of probiotics played a crucial role in optimizing
the breakdown of carbohydrates into microbial biomass
and absorbable nutrients. The gas composition typically
includes CO2 and CH4, which are natural byproducts of
this anaerobic fermentation activity (Raguati, 2016). The
total in vitro fermentation gas production was measured at

various incubation hours: 3, 6,12, 24, 48, and 72 (Figure 1).

Table 2: Effects of complete feed fortified with probiotic on dry and organic matters digestibility. pH. Ammonia. and

Partial VFA
Parameters Treatments SEM P value
T1 T2 T3 T4 T5

Total gas (ml) 143.03° 157.45b 154.62° 188.20? 190.68* 14.599 0.0004

CH, (ml) 74.35 71.63 71.13 68.45 67.90 2.610 0.1037

DMD (%) 77.27° 81.35% 85.05° 81.06% 83.522 2.945 0.0180

OMD (%) 76.10¢ 80.45° 81.75° 78.25b 80.36° 2.223 <.0001

pH 6.34* 5.72° 5.70° 5.51¢ 5.45¢ 0.352 <.0001

NH, (mM) 15.05® 8.20bc 9.10° 10.35® 5.90¢ 3.395 <.0001

Note: a. b. c. d Different superscript letters in each row indicate significant differences at p<0.05. DMD; Dry matter digestibility.
OMD: Organic matter digestibility, T1: 60% native grass + 40% concentrate, T2: (30% native grass + 30% cassava peel) + 40%
concentrate, 1'3: (30% native grass + 30% cassava peel) + 40% concentrate + probiotics, T4: (15% native grass + 45% cassava peel) +
40% concentrate, T'5: (15% native grass + 45% cassava peel) + 40% concentrate + probiotics.
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An analysis of variance indicated that incorporating cassava
peel fortified with probiotics into the complete feed did
not significantly affect methane (CH4) production (P >
0.05). The treatments had no detectable effect on methane
production. It suggests a potential improvement in rumen
fermentation efficiency The decrease in methane indicates
that more energy is being conserved rather than lost as gas.
This conserved energy likely contributes to the synthesis of
volatile fatty acids (VFAs), particularly propionate, which
is beneficial for the host animal (Ku-Vera ez a/., 2020).
According to Beschkov and Angelov (2025), methanogens
actively use metabolic hydrogen (H,) produced during the
formation of acetate and butyrate. Therefore, a methane
reduction suggests that H, utilization has shifted toward
pathways that do not produce methane, such as propionate
production.

'The longer the incubation period, the greater the methane
produced. This study demonstrated a significant volume of
methane up to hour 48, remaining relatively stable until

hour 72 (Figure 2).
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Figure 2: Methane production during iz vifro incubation

for 72 hours.

IN vITRO DIGESTIBILITY

'The inclusion of cassava peel and probiotics in complete feed
significantly influenced dry matter digestibility (DMD)
and organic matter digestibility (OMD), with statistical
significance at P<0.05. The data indicate that treatments
T3 and T5 exhibited the highest levels of digestibility.
Both cassava peels and probiotics help optimize the rumen
ecosystem. Probiotics contribute by supplying extracellular
enzymes that facilitate the hydrolysis of feed. This increase
in digestibility is directly linked to the total gas yield,
meaning that more nutrients from cassava peels are being
absorbed by the digestive system. Moreover, feed mixtures
containing cassava peel have been shown to enhance
the metabolism of short-chain fatty acids (SCFAs) and
improve the digestibility of rumen organic matter in small
ruminants (Kalio, 2017). Additionally, research by Niayale
et al. (2019) found that sheep fed ensiled cassava peel had

superior dry matter intake, digestibility, and average daily
gain (ADG) compared to those fed dried cassava peel.

'The average DMD and OMD observed in this study were
77.27% to 85.05% and 76.10% to 81.75%, respectively.
These results are higher than those reported by Dagaew
et al. (2021), who found that cassava pulp fermented
with yeast waste, when used as a replacement for soybean
meal (SBM) and in various roughage-to-concentrate
(R:C) ratios, yielded DMD and neutral detergent fiber
degradability (NDFD) values ranging from 42.70% to
64.70% and 43.00% to 63.70%.

The high digestibility of dry matter and organic matter
is attributed to the availability of nitrogen and carbon
skeletons in complete feed, which optimises microbial
growth and leads to increased feed degradation.
Treatments T3 and T5, which include cassava peel and
probiotics, showed higher digestibility values compared to
T1 (which did not contain cassava peel or probiotics). This
increased digestibility suggests a better nutrient supply for
the animals. Additionally, cassava peels can mitigate the
negative impacts on the growth and health of West African
Dwarf Rams (Adegun ez a/., 2023). The effectiveness of
probiotics on iz vifro digestibility depends on the type of
feed substrate used (Sheikh ez a/., 2017). Supplementing
with probiotics can enhance the microbial population
and activity, thereby improving feed digestibility (Raguati
et al., 2022). Probiotics, whether in powder or liquid
form, have been shown to increase in witro dry matter
digestibility, ultimately benefiting fattening calves and
nutrient absorption (Maamouri and Salem, 2021). Specific
probiotics, such as Bacillus pumilus St. L1, are capable of
degrading the components of complete feed, including
cassava peel. Diets supplemented with probiotics and their
metabolites positively influence animal productivity by
enhancing nutrient digestibility and stabilizing the rumen

ecosystem (El-Thawab ez a/., 2016).

pH

'The pH values recorded in this study ranged from 5.45 to
6.34. These results are consistent with findings from Ajagbe
et al. (2022), who reported that the pH level in the diet of
West African Dwarf goats, supplemented with pineapple

waste and cassava peel concentrates, ranged from 5.08 to

6.14.

The incorporation of cassava peel and probiotics had
a significant impact on pH levels (P < 0.0001). As the
proportion of cassava peel increased (specifically in
treatments T4 and T5), the pH decreased notably to 5.51
and 5.45, respectively. While a rumen pH below 5.8 is
typically recognized as a risk factor for sub-acute ruminal
acidosis (SARA) and can inhibit fibrolytic bacteria in vivo
(Ogata et al., 2020), it is important to interpret the low
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pH observed in this study within the context of an in vitro
closed system.

In this batch culture system, organic acids (volatile fatty
acids, or VFAs) are continuously produced through the
rapid fermentation of highly digestible carbohydrates
found in cassava peel. This fermentation process leads to
an accumulation of acids in the medium, which naturally
lowers the pH. An inverse relationship was observed
between pH and gas production, with treatments T4 and
T5 demonstrating the highest gas production and the
lowest pH levels.

Interestingly, despite the acidic environment in treatment
TS5 (pH 5.45), Dry Matter Digestibility (DMD) remained
significantly high at 83.52%, the highest among all
treatments. This finding challenges the common assumption
that low pH levels hinder digestion (Maamouri and
Salem, 2021). It suggests that probiotic supplementation
may have enhanced the rumen microbiome’s tolerance
to acidity or optimised fermentation pathways, allowing
effective feed degradation even at lower pH levels. Our
pH results, ranging from 5.45 to 6.34, are consistent with
those reported by Ajagbe e a/. (2022), who noted pH
levels between 5.08 and 6.14 in goats fed with cassava
peel concentrates. Nevertheless, considering physiological
balance, treatment T3 is highlighted as the optimal
formulation, offering high digestibility (81.75% OMD)
while maintaining a safer pH buffer (5.70) compared
to the more acidic T5. Statistically, T3 and T5 were not
significantly different, but the pH of T3 was much lower,
this indicates the potential for a compensatory mechanism
or greater adaptation of rumen microbes.

AMMONIA (NH,-N) CONCENTRATION

In this study, the use of cassava peel and probiotics
in complete feed significantly impacted ammonia
concentration (P < 0.05). Ammonia concentration can
influence the fermentation outcomes of organic feed
ingredients by affecting the production of volatile fatty
acids (VFA), which serve as energy sources for ruminants.
Adequate ammonia availability ensures a favorable
balance of nitrogen and energy vital for the growth of
rumen microbes. Ammonia levels decreased markedly in
T5 (5.90 mM) compared to T1 (15.05 mM). The NH3
concentration in TS5 decreased significantly to 5.90 mM. A
significant drop in ammonia levels can sometimes indicate
nitrogen limitation, especially in low-protein diets. The
lower NH3 levels in T5 were related to the protein levels in
the feed, indicating good utilization potential by microbes,
thus providing a more balanced analysis.However, the
data from this study suggest a different explanation. The
observed ammonia level of 5.90 mM is above the critical
threshold of 3.6 mM (5 mg/dL), which is necessary for
optimal microbial growth, as proposed by Satter and Slyter

(1974).

Additionally, the relatively low ammonia concentration in
treatment T'5 corresponded with the highest Dry Matter
Digestibility (83.52%) and Organic Matter Digestibility
(80.36%). This inverse relationship suggests that the
available nitrogen was not lacking; instead, it was being
efficiently absorbed and converted into microbial protein
to support the intense fermentation activity triggered by
the probiotic. If nitrogen had been insufficient to limit
synthesis, feed digestibility would have been adversely
affected. Therefore, these results indicate a closely linked
balance between energy and nitrogen, where the rate
of ammonia utilization by microbes matched the high
availability of fermentable energy from the cassava peel.
Moreover, the supplementation of probiotic and fibrinolytic
enzyme mixtures can enhance ammonia concentration, as

noted by Sheikh ez a/. (2017).

PArTIAL VFA

'The use of cassava peel and probiotics significantly(P<0.05).
influenced the profile of volatile fatty acids (VFAs). As
shown in Table 3, the supplementation contributed to an
overall increase in partial VFAs. The highest concentration
was observed in T5 (127.63 mMol/L), which was
significantly higher than the control T1. The high
production of acetic acid in T5 indicates that the probiotic
effectively stimulates cellulolytic bacteria to degrade
the high fiber content present in the 45% cassava peel
inclusion, despite the lower pH observed in this treatment.
Treatment T3 recorded the highest concentration of
propionic acid (116.75 mMol/L) and was significantly
different from T1 and T4 (P < 0.05). High levels of
propionic acid are metabolically advantageous as it serves
as the primary precursor for gluconeogenesis, supporting
tissue growth and weight gain. Microorganisms in the
rumen of ruminants can break down feed and produce
metabolites such as volatile fatty acids (VFAs), proteins,
and vitamins (Zhu ez al., 2025).

The elevated VFA concentrations in the probiotic-
treated groups (T3 and T5) compared to their non-
probiotic counterparts (T2 and T4) align with the higher
digestibility (OMD and DMD) reported in Table 2. This
suggests that probiotics enhance the fermentation rate
and microbial population density. The concentrations
of acetate and propionate in the studies ranged from
191.48 to 238.67 mMol/L. These values are significantly
higher than those reported by Dagaew ez a/. (2021), who
observed VFA concentrations of approximately 166.0 to
167.5 mMol/L. The optimal VFA requirement for rumen
microbial growth is between 70 and 130 mM, according
to France and Dijkstra (2005). This difference may be
attributed to variations in feed composition, particularly
the replacement of green fodder with cassava peel, along
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Table 3: Average partial VFA content of complete feeds fortified with probiotics.

Parameters Treatments SEM Pvalue
T1 T2 T3 T4 T5
Acetic (C2) mMol/1. 103.58° 113.02% 121.92% 114.22%® 127.63* 2.375 0 .066
PropioniC(CS) mMol/1. 87.90P 108.01* 116.75° 87.83b 103.71% 3.338 0.125
Butyric(C,) mMol/L 10.88 17.73 29.07 20.87 23.98 2.906 0.116
Valerat mMol/I. 1.67 2.50 3.27 2.30 2.75 0.534 0.395
Iso valerat mMol/l. 3.81 3.18 3.32 3.58 2.88 0.604 0.654
Ratio C/C, 1.18 1.05 1.05 1.33 1.18 0.043 0.106
C, (%) 49.33¢ 45.77° 45.06" 49.47 47.63® 0.309 0.128
C, (%) 41.83 43.73 43.20 38.06 40.54 1.344 0.252
C, (%) 5.14 7.17 8.71 9.03 8.97 .866 0.227

Note: a. b. c. d Different superscript letters in each row indicate significant differences at p <0.05. T1: 60% native grass + 40%
concentrate, 12: (30% native grass + 30% cassava peel) + 40% concentrate, T3: (30% native grass + 30% cassava peel) + 40%
concentrate + probiotics, T'4: (15% native grass + 45% cassava peel) + 40% concentrate, T'5: (15% native grass + 45% cassava peel) +

40% concentrate + probiotics.

with the use of probiotic supplementation in this study.
Additionally, the supplementation of cassava peel with
cassava leaves and cowpeas in goat feed has been shown
to significantly impact the levels of rumen acetic acid and

propionic acid (Oni ez a/., 2017).

'The inclusion of probiotics in the feed can enhance rumen
termentability. The concentration of volatile fatty acids
(VFAs) is influenced by factors such as fermentation
rate, soluble carbohydrate content, ruminal pH, feed
digestibility,feed volume, and the types of ruminal microbes
present. VFAs, produced from carbohydrate fermentation
in the rumen, serve as a key energy source for ruminants
and play a vital role in microbial protein synthesis. As
the production of VFAs increases, along with the organic
matter in the feed that rumen bacteria degrade, the rumen
pH decreases (Wang ez a/., 2020). Supplementation with
probiotics (CON-PRO) has been shown to increase
total VFA concentrations (Maas ez /., 2021). High VFA
concentrations are related to the fermentation efficiency of
the feed, the amount of soluble carbohydrates, and elevated
rumen pH levels. It is important to note that acetic acid is
the end product of fibre fermentation, whereas propionic
acid is the end product of sugar and starch fermentation.

Rario C2/ C3

'The acetic to propionic acid ratio can be used to evaluate
energy utilization efficiency in ruminants and the quality
of the yield produced. In this study, no significant
difference was found among the groups regarding the C2/
C3 ratio (P > 0.05). The average C2/C3 ratio ranged from
1.05 to 1.33. A lower C2/C3 ratio indicates better energy
utilization efficiency, with values close to 1 suggesting high
propionate production. Propionate production is more
efficient in rumen metabolism, as it reduces energy loss in
the form of methane (CH,). Previous studies reported that

the C2/C3 ratios for cassava pulp processed with yeast
waste ranged from 2.23 to 4.55 (Dagaew er al., 2021).
Additionally, Rahayu ez a/. (2018) found that the C2/C3
ratio of complete feeds, where banana weevil replaced
molasses, ranged from 3.32 to 3.45.

Treatments T2 (30% cassava peel, without probiotics) and
T3 (30% cassava peel with probiotics) demonstrated the
most efficient ratio of 1.05.The increase in the ratio for T2,
when compared to T1 and T4, suggests that at the 30%
level of addition, the composition of the substrate plays
a significant role. Cassava peel contains non-structural
carbohydrates, specifically starch, which naturally promote
the growth of amylolytic bacteria and the production of
propionate (Phesatcha ez a/.,2020). However, the probiotic
in T3 is also crucial. Although T2 and T3 exhibited the
same efficiency ratio, T3 achieved this with a higher
total production volume of propionic acid (116.75 mM)
compared to T2 (108.01 mM). Statistically, T3 was able
to differentiate significantly from the lower-performing
groups, while T2 remained intermediate. This indicates that
while the cassava peel substrate directs the fermentation
process (lowering the ratio), the probiotic enhances the
magnitude of acid production, ensuring a greater total
energy supply for the host.

THE PROPORTION OF VFAS

Treatment significantly impacted (P < 0.05) the
proportions of volatile fatty acids (VFA), particularly
the percentage of acetic acid. Cassava peel is rich in
easily fermentable carbohydrates, resulting in acetic
acid making up a dominant proportion (45-49%) in all
treatments. This abundance of acetic acid helps maintain
the precursors required for lipogenesis. The percentage
of C3 tended to decrease, with similar results observed
across all treatments. This balance ensures that while
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energy efficiency is maximized through propionate, there
is also enough acetate available for synthesizing milk fat or
adipose tissue.

CONCLUSION

Probiotic-enriched cassava peels can effectively replace
up to 30% of forage (T3) without disrupting rumen
fermentation. In this study, T3 provided an optimal balance
between dry matter degradability and VFA production in

vitro.
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