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ABSTRACT

he present study was conducted during mid May to July, 2023 (70 days) at Animal Nutrition Research Station, College

of Veterinary Science and Animal Husbandry, Kamdhenu University, Anand, Gujarat (388001), India to investigate the
effect of direct fed microbials on nutrient intake and digestibility in adult Sheep. Twenty adult sheep, which were apparently
healthy, of nearly the same body weight were used. The experiment was conducted in two phases: in-vitro study to decide the
level of DFM and in-vivo study. The results of in vitro study showed, significantly (p<0.05) higher IVDMD (49.55%) at 2%
level of DFM. Thus, an additional in-vive investigation was carried out at the 2% DFM level on DM basis. The sheep were
allotted into two equal groups, both groups T, and T, were fed compound concentrate mixture and roughage in conventional
farm feeding, additionally treatment group (T) was supplemented with 2% DFM. During experimental period the animals
were weighed at biweekly interval. The weight gain was not differed significantly in both the groups. The average daily DMI of
experimental animals was significantly lower in T, as compared to T, group, respectively. The study revealed no adverse effect
of DFM on dry matter and other nutrient intakes. The digestion trial was conducted on all the twenty experimental sheep
once during the experimental period. The digestibility coefficient (%) of crude protein was significantly higher in treatment
group T as compared to control T, group. Digestibility of DM, OM, EE, CF, ADF, NDF and hemicellulose was not affected
by 2% of DFM supplementation in feed over the control diet.
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1. INTRODUCTION

he study of rumen microbes aims to improve feed

utilization, enhance animal production and health, and
ensure the safety of animal food products. These objectives
can be realized by elevating nutrient intake and digestibility,
promoting beneficial fermentation processes, minimizing
ruminal disorders, and eliminating pathogens. A variety
of feed additives have been utilized to enhance animal
performance, increase feed efficiency, and prevent disease
(Ban et al., 2021). Research has focused on antibiotics and
probiotics (growth promoters) to manipulate the microbial
ecosystem and fermentation characteristics within the
rumens and intestinal tracts of livestock (Kassa et al., 2022).

The use of growth-promoting antibiotics in animal feeds is
prohibited in Europe due to potential risks, including the
spread of antibiotic resistance genes (Prieto et al., 2014) and
the contamination of milk and meat with antibiotic residues.
Consequently, many livestock producers have turned to
alternative strategies to improve animal performance and
health. In recent years, direct-fed microbials (DFM) have
gained attention as a viable replacement or a means to reduce
antibiotic usage. The term “probiotics” describes “a live
microbial feed supplement that can improve the intestinal
microbial balance of host animals” (Anee et al., 2021). This
includes viable microbial cultures, extracts, and enzyme
preparations. Direct Fed Microbials (DFM) are a more
specific type of microbial feed additive (Kassa et al., 2022).

Numerous studies have definitively established methods
to enhance the productivity of ruminant animals by
strategically manipulating the rumen environment. This
enhancement leads to improved feed digestibility and
nutrient utilization, ensuring that adequate nutrients are
available to support elevated levels of milk production
(Sallam et al., 2014). A particularly promising approach
that has emerged is the use of direct-fed microbial (DFM)
preparations, which has been extensively researched and
shown to be effective. Recent studies in small ruminant
nutrition have focused on improving feed conversion rates.
Antimicrobial feed additives, widely used but now restricted
due to concerns about antibiotic resistance, have sparked
interest in alternatives like direct-fed microbials (DFMs),
which consist of beneficial microorganism cultures (Elam
et al., 2003). Sheep and goat are highly prolific livestock in
India, playing a crucial role in the economy and providing
income for rural households. With their ability to convert
crops and household residues into meat, fiber, skins, and
milk, they are important for development. Additionally,
ensuring proper nutrition is essential for maintaining their
productivity and reproductive performance. In ruminants,
direct-fed microbials are used to reduce stress and antibiotics
use in calves, while increasing milk yield in dairy cows and

improving weight gain and feed conversion in beef cattle.
(Krehbiel et al., 2003). Adding direct-fed microbials to the
ration of growing lambs reduced harmful microorganisms
in the intestines and improved fattening performance and
feed conversion rate (Lema et al., 2001). Feed additives like
enzymes, prebiotics, probiotics (DFM), and antimicrobial
growth promoters have been used to improve the health
and productivity of sheep in farming. DFMs are live
microorganisms added to animal diets for these benefits.
Spore-forming bacteria are used in developing direct-fed
microbials (DFMs) because they effectively distribute
strains to targeted organs. In livestock production, lactic
acid-producing bacteria such as Enterococcus species,
Streptococcus species, Lactobacillus species and Pediococcus species
are commonly utilized (Puniya et al., 2015 ; Elghandour
et al., 2015 and Kholif et al., 2024). Direct-fed microbials
show promise in improving animal performance and rumen
fermentation (Azzaz et al., 2016). The use of antibiotics
in animals can lead to antibiotic residues and resistance,
disrupting the microbial balance in ruminants. Research
is exploring direct-fed microbials as a safer alternative
to antibiotics to enhance production and health in small
ruminants by restoring gut flora balance (Parvez et al., 2006).
Therefore, the present study was conducted to compare
the responses of sheep to supplementation of commercial
DFM and determine their effect on feed intake, nutrient
digestibility and utilization.

2. MATERIALS AND METHODS

he was conducted at Animal Nutrition Research

Station, College of Veterinary Science and Animal
Husbandry, Kamdhenu University, Anand, Gujarat
(388001), India for 70 days after approval of protocol
from CPCSEA (approval No. 400/AN/23-CPCSEA),
New Delhi on the recommendation of Institutional
Animal Ethics Committee (IAEC). The experiment was
conducted on a total of thirty (n=20) adult sheep. The
Department of Microbiology at Gujarat Vidhya pith, Sadra,
prepared the direct-fed microbial (DFM) using vegetable
waste with a culture of Lactobacillus lactis, Lactobacillus
paracasei, Lactobacillus bifermentans, Lactobacillus acidophilus,
Lactobacillus rhamnosus, Bacillus coagulants and Pediococcus
acidilactici of bacteria. The animals were randomly allotted
based on their body weight into following two treatments
each comprised of ten adult sheep. The duration of
experiment was 70 days. Animals were fed on a farm feed
and the quantity of the same were attuned at a biweekly
interval according to change in body weight (Anonymous,
2013). In supplement, the sheep under group II (Treatment
2) were given 2% DFM based on their DMI. Animals
were fed twice daily, in the morning and evening. The dry
matter content and CP% of feed were estimated weekly.
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The animals will be released for exercise under controlled
circumstances for two hours in the afternoon, during which
time they will have to free access to fresh, clean drinking
water. The deworming of all the animals was done using
broad-spectrum anthelmintic drug throughout experimental
period.

The samples of feeds offered and left-over feeds in both
groups were collected and stored for detailed chemical
analysis. The daily feed intake of each experimental animal
was diligently recorded. The animals were weighed bi-
weekly using electronic weighing balance. A digestion trial
was conducted on all the experimental animals to determine
the digestibility of various nutrients. Throughout the whole
trial period, an accurate record of the feed that each animal
eaten, refused, and of faeces voided was kept. The dried
samples collected were pooled, ground and preserved for
chemical analysis as per Anonymous (2005) and for fiber
fractions as per Van Soest et al., 1991. The wet faeces were
preserved in acid and they were used for further estimation
of faecal nitrogen & ultimately CP. The experimental data
were analyzed by completely randomized design (Snedecor

and Cochran, 1994).
3. RESULTS AND DISCUSSION

3.1. Body weight

The animals in control (T ) and DFM treatment (T )
had average initial body weights of 29.40 and 29.34 kg,
respectively (Table 1). Over the course of the trial, they
gained a total of 2.90 and 3.05 kg, resulting in final average
body weights of 32.30 and 32.39 kg. The results indicated
that while the animals in both groups did not lose weight
during the trial, the average total body weight increase in

the T, group (3.05 kg) during the course of the study which
was insignificantly higher than that of the T, group (2.90
kg). DFM treatment though did not affect the final body
weight, the average weight observed was insignificantly
(p>0.05) higher in T, compared to T, DFM treatment
(Table 1). In agreement with our study, Hagg et al. (2010)
and ElKatcha et al. (2016) did not found any significant
effect of DFM supplementation (Megasphaera elsdeni and
Pediococcus spp., respectively) on body weight of animals.
Similarly, Bata et al. (2022) did not find any significant
effect of ammoniated rice straw treatment using direct-fed
microbial and Hibiscus tiliaceus leaf meal supplementation
with TMR on body weight of animals. Similar findings were
reported by Wang et al. (2022) by supplementation of yeast
(Saccharomyces cerevisiae) culture as a DFM with peanuts
straw, corn, soyabean meal, wheat bran and tofu residue
which offered during the experiment in fattening sheep.

3.2. Nutrient intake

DFM supplementation significantly decreases the dry
matter intake and crude protein intake (Table 1). These
findings were in accordance with Sallam et al. (2014), Soren
et al. (2013), Zhong et al. (2014), Direkvandi et al. (2020)
and Wang et al. (2022), they also reported no adverse effects
of DFM supplementation on nutrient intake. In contrast to
the current study’s results, Hassan et al. (2020) reported that
the increased total DM intake (p=0.02) for lambs fed the
probiotics product diets versus lambs fed the control diet.
Likewise, Elseed and Abusamra (2007), Bata et al. (2022)
and Pradhan et al. (2021) observed increased DMI with
adding of DFM sources in the diet of sheep.

The use of DFM @ 2% with farm feed in sheep had no
adverse effect on DCP and TDN intake, though apparently

Table 1: Effect of DFM on body weight and nutrients intake

Variable T T, SEm+ p value
Initial BW (kg) 29.40+0.48 29.34+0.42 0.45 NS
Final BW (kg) 32.30£0.61 32.39+0.50 0.56 NS
Avg. wt. (kg) 31.72+0.47 31.65+0.48 433 NS
DMI (g h™* d?) 1129.90°+33.76 1087.45°+35.27 10.834 S
DMI (g 100 kg! BW d7) 3525.03+112.87 3388.99+115.80 37.735 S
DMI (g kg™ BW0.75 d?) 83.84°+2.63 80.64°+2.71 0.821 S
CPI(gd?) 120.30°+2.46 116.22°+2.55 0.921 S
CPI (g 100 kg™ BW d) 374.81+7.46 362.15°+7.59 2.991 S
DCPI (g d?) 75.97+1.55 78.94+1.72 1.058 NS
DCPI (g 100 kg'! BW d?) 236.74+4.74 245.84+5.15 3.297 NS
TDNI (g d?) 590.69+17.68 606.77+18.42 5.953 NS
TDNI (g 100 kg BW d?) 1841.77+58.39 1891.29+61.14 19.933 NS

Mean+SE values with different superscripts (a, b) within row differ significantly (p<0.05)
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the values were higher in T, than in T, treatment (Table
1). In agreement with our present findings, Chaudhary
(2020) reported that supplementation of SSF biomass @
3% of DM, significantly increased the DCPI (g d?) as
compared to the control group in crossbred heifers (402.42
vs. 361.49). Similarly, Sadrsaniya et al. (2015) reported
significantly (p<0.001) higher DCPI (kg d!) in probiotics
supplemented group compared to the non-supplemented
group in buffalo calves. Similarly, Tripathi and Karim
(2010) reported that supplementation of mixed yeast culture
(Kluyveromyce smarximanus NRRL3234, Saccharomyces
cerevisiae NCDC42, Saccharomyces uvarum ATCC9080 all
in a 1:1:1, ratio) insignificantly (»>0.05) increased TDNI
in lambs. While Hassan et al. (2020) and Sadrsaniya et
al. (2015) observed increased TDN intake with adding of
DFM in the diet of sheep.

3.3. Digestibility of nutrients

The data pertaining to digestibility of nutrients were
presented in Table 2. The study revealed that there was
no adverse effect of DFM on digestibility of nutrients like
DM, OM, CP, EE, NFE, ADF, and hemicellulose, though
the values gradually increased with 2% DFM supplement
over the control diet. In fact, the digestibility of CP was
significantly improved in DFM supplemented group over
control group. Further, the digestibility of fibre fractions

i.e., CF, NDF, ADF and hemicelluloses were found to be
increased numerically but not significantly with inclusion of
DFM in the diet of sheep over control. The non-significance
results of nutrient digestibility (DMD and OMD) were
in accordance with Soren et al. (2013), ElKatcha et al.
(2016) and Sallam et al. (2014). In contrast, Madkour et al.
(2018) found that direct fed microbial supplementation to
improve utilization of the low-quality roughages in lambs
significantly improves (p<0.001) the DM digestibility in
DFM supplemented group (72.87, 72.45 and 72.90) as
compared to control (68.37).

The average CP digestibility percent of experimental
animals under T, and T, groups were 63.09+1.47 and
67.97+1.63, respectively. Our findings supported the
previous observations of Madkour et al. (2018), Hassan et al.
(2020), and Pradhan et al. (2021) for an increased (p<0.05)
in CP digestibility while Soren et al. (2013), Sallam et al.
(2014) and ElKatcha et al. (2016) found non-significant
effect of DFM supplementation on CP digestibility. The
improvement in CP digestibility observed might be due
to limited CP intake in DFM supplemented group which
might results in high microbial fermentation and ultimately
higher CP digestibility. The non-significance results of CF,
EE and nitrogen free extract digestibility were in accordance
with ElKatcha et al. (2016), while in contast to Madkour
et al. (2018) in lambs.

Table 2: Average digestibility percent of nutrients

Attributes (%) T, T, SEm=+ Sig. (p<0.05) CV%
DMD 55.01£2.59 59.39+2.35 2.47 NS 13.68
OMD 61.94+2.44 66.02+2.04 2.25 NS 11.11
CPD 63.09°+1.47 67.97°+1.77 1.63 S 7.86

EED 57.12+2.63 61.94+2.29 2.47 NS 13.11
CFD 42.14+2.96 47.15+3.59 3.29 NS 23.31
NFED 69.98+2.68 73.99+1.65 2.23 NS 9.77

NDFD 49.14+2.60 53.93+2.67 2.64 NS 16.18
ADFD 34.19+3.40 40.64+3.53 3.47 NS 29.33
HCD 66.85:1.86 69.74+1.80 1.83 NS 8.49

NS: Non significant, S: Significant, Mean+SE values with different superscripts (a, b) within row differ significantly (p<0.05)

4. CONCLUSION

he DFM supplementation at the rate of 2% with

farm feeding did not adversely affect the body weight,
nutrient intake and digestibility, except crude protein, which
was significantly improved. Though the 2 percent level
of DFM in diet of sheep enhanced the flow of microbial
protein from rumen and observed higher CP digestibility
in sheep.

5. ACKNOWLEDGEMENT

e extend my sincere thanks to the Animal Nutrition

Research Station, College of Veterinary Science &
AH, Kamdhenu University, Anand for providing research
facilities and financial supports for this study. First author
would like to extend sincere and heartfelt obligation towards
all who have helped him in this endeavor.

04



International Journal of Bio-resource and Stress Management, 16(2): 01-06

6. REFERENCES

Anee, 1.]., Alam, S., Begum, R.A., Shahjahan, R.M.,
Khandaker, A.M., 2021. The role of probiotics on
animal health and nutrition. The Journal of Basic and
Applied Zoology 82, 1-16.

Anonymous, 2005 Official method of Analysis. 18"
Edition, Association of Official Analytical Chemists,
Washington DC, Method 935.14 and 992.24.
Available from https://www.researchgate.net/
publication/292783651_AOAC_2005. Accessed on:
1+ February, 2016.

Anonymous, 2013. Nutrient requirements of sheep, goat
and rabbit, Indian Council of Agricultural Research,
Krishi Bhawan, New Delhi, India, 5.

Azzaz, H.H., Morsy, T.A., Murad, H.A., 2016. Microbial
feed supplements for ruminant’s performance
enhancement. Asian Journal of Agricultural
Research 10(1), 1-14.

Ban, Y., Guan, L.L., 2021. Implication and challenges
of direct-fed microbial supplementation to improve
ruminant production and health. Journal of Animal
Science and Biotechnology 12(1), 109.

Bata, M., Rahayu, S., Rimbawanto, E.A., Fita, M., 2022.
Impact of ammoniation rice straw treatment with
direct-fed microbials and Hibiscus tiliaceus leaf
meal supplemented in concentrate on local sheep
performances. In: IOP Conference Series: Earth and
Environmental Science 1001(1), 012003.

Direkvandi, E., Mohammadabadji, T., Salem, A.Z., 2020.
Oral administration of lactate producing bacteria
alone or combined with Saccharomyces cerevisiae and
Megasphaera elsdenii on performance of fattening
lambs. Journal of Applied Animal Research 48(1),
235-243.

Elam, N.A., Gleghorn, J.F,, Rivera, ].D., Galyean, M.L,,
Defoor, PJ., Brashears, M.M., Younts-Dahl, S.M.,
2003. Effects of live cultures of Lactobacillus acidophilus
(strains NP45 and NP51) and Propionibacterium
freudenreichii on performance, carcass, and intestinal
characteristics, and Escherichia coli strain O157
shedding of finishing beef steers. Journal of Animal
Science 81(11), 2686—2698.

Elghandour, M.M., Salem, A.Z., Castaneda, ]J.S.M.,
Camacho, L.M., Kholif, A.E., Chagoyin, J.C.V.,
2015. Direct-fed microbes: A tool for improving the
utilization of low quality roughages in ruminants.
Journal of Integrative Agriculture 14(3), 526-533.

El-Katcha, M.I., Soltan, M.A., Essi, M.S., 2016.
Effect of Pediococcus spp. supplementation on
growth performance, nutrient digestibility and
some blood serum biochemical changes of fattening
lambs. Alexandria Journal for Veterinary Sciences 49(1),
44-54,

05

Elseed, FA.M.A., Abusamra, R.M.A., 2007. Effects of
supplemental yeast (Saccharomyces cerevisiae) culture on
NDF digestibility and rumen fermentation of forage
sorghum hay in Nubian goat’s kids. Research Journal
of Agriculture & Biological Sciences 3(3), 133-137.

Hagg, F.M., Erasmus, L.J., Henning, PH., Coertze, R].,
2010. The effect of a direct fed microbial (Megasphaera
elsdenii) on the productivity and health of Holstein
cows. South African Journal of Animal Science 40(2).

Hassan, A., Gado, H., Anele, U.Y., Berasain, M. A., Salem,
A.Z., 2020. Influence of dietary probiotic inclusion
on growth performance, nutrient utilization, ruminal
fermentation activities and methane production in
growing lambs. Animal Biotechnology 31(4),365-372.

Hong, H.A., Duc, L.H., Cutting, S.M., 2005. The use
of bacterial spore formers as probiotics. FEMS
Microbiology Reviews 29, 813—835.

Kassa, T., Diffe, Z., 2022. The role of direct-fed microbes
to ruminants: a review. Global Journal of Animal
Scientific Research, 1-13.

Kholif, A.E., Anele, A., Anele, U.Y., 2024. Microbial feed
additives in ruminant feeding. AIMS Microbiology
10(3), 542.

Krehbiel, C.R., Rust, S.R., Zhang, G., Gilliland, S.E., 2003.
Bacterial direct-fed microbials in ruminant diets:
Performance response and mode of action. Journal of
Animal Science 81(14), 120-132.

Lema, M., Williams, L., Rao, D.R., 2001. Reduction of
fecal shedding of enterohemorrhagic Escherichia
coli O157:H7 in lambs by feeding microbial feed
supplement. Small Ruminant Research 39(1), 31-39.

Madkour, M.A., Khattab, H.M., El-Bordeny, H.M.,
Mattar, B.E., 2018. Evaluation of direct-fed microbial
supplementation to improve utilization of the low-
quality roughages in ruminants. Arab Universities
Journal of Agricultural Sciences 26(Special issue (2C)),
1869-1878.

Parvez, S., Malik, K.A., Ah Kang, S., Kim, H.Y., 2006.
Probiotics and their fermented food products are
beneficial for health. Journal of Applied Microbiology
100(6), 1171-1185.

Pradhan, S.K., Deshpande, S.B., Singh, R.R., Dabas, V.S.,
2021. Effect of active dry yeast supplementation
on nutrient digestibility, rumen metabolites and
performances of surti goat kids. Indian Journal of
Animal Nutrition 38(1), 23-30.

Prieto, M.L., O’Sullivan, L., Tan, S.P., McLoughlin, P,
Hughes, H., Gutierrez, M., Jonathan A.L., Rita,
M.H., Peadar, G.L., Gardiner, G.E., 2014. I vitro
assessment of marine Bacillus for use as livestock
probiotics. Marine Drugs 12(5), 2422-2445. https://
doi.org/10.3390/md12052422.


https://www.researchgate.net/publication/292783651_AOAC_2005
https://www.researchgate.net/publication/292783651_AOAC_2005

Dangiet al., 2025

Puniya, A.K., Salem, A.Z., Kumar, S., Dagar, S.S., Griffith,
G. W,, Puniya, M., Sreenivas, R.R., Kumar, N,
Dhewa T., Kumar, R.,2015. Role of live microbial feed
supplements with reference to 33 anaerobic fungi in
ruminant productivity: a review. Journal of Integrative
Agriculture 14(3), 550-560.

Sadrsaniya, D.A., Raval, A.P.,, Bhagwat, S.R., Nageshwar,
A., 2015. Effects of probiotics supplementation on
growth and nutrient utilization in female Mehsana
buffalo calves. Indian Veterinary Journal 92(9), 20-22.

Sallam, S.M.A., Allam, A.M., Najadi, S.A., 2014.
Comparison of two products of direct-fed microbial
supplementation on the nutrient utilization and
ruminal fermentation in sheep. The Journal of
Agricultural Science 6(3), 159.

Sallam, S.M.A., Allam, A.M., Najadi, S.A., 2014.
Comparison of two products of direct-fed microbial
supplementation on the nutrient utilization and
ruminal fermentation in sheep. Journal of Agricultural
Science 6(3), 159.

Seo, J.K., Kim, SW.,, Kim, M.H., Upadhaya, S.D., Kam,
D.K., Ha, J.K., 2010. Direct-fed microbials for
ruminant animals. Asian-Australasian Journal of
Animal Sciences 23(12), 1657-1667.

Snedecor, G.W., Cochran, W.G., 1994. Statistical methods.
(8" Edn.). The IOWA State University press, Ames,
Towa, USA.

06

Soren, N.M., Tripathi, M.K., Bhatt, R.S., Karim, S.A.,
2013. Effect of yeast supplementation on the growth
performance of Malpura lambs. Tropical Animal
Health and Production 45(2), 547-554.

Tripathi, M.K., Karim, S.A., 2010. Effect of individual
and mixed live yeast culture feeding on growth
performance, nutrient utilization and microbial crude
protein synthesis in lambs. Animal Feed Science and
Technology 155(2-4), 163-171.

Van Soest, P.V., Robertson, J.B., Lewis, B.A., 1991.
Methods for dietary fiber, neutral detergent fiber,
and non-starch polysaccharides in relation to animal
nutrition. Journal of Dairy Science 74(10), 3583-3597.

Wang, J., Zhao, G., Zhuang, Y., Chai, J., Zhang,
N., 2022. Yeast (Saccharomyces cerevisiae) culture
promotes the performance of fattening sheep
by enhancing nutrients digestibility and rumen
development. Fermentation 8(12), 719.

Zhong, R.Z., Sun, HX,, Li, G.D., Liu, HW., Zhou,
D.W., 2014. Effects of inoculation with rumen fluid
on nutrient digestibility, growth performance and
rumen fermentation of early weaned lambs. Livestock

Science 162, 154-158.



