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SUMMARY

(Saccharomyces cerevisiae) supplementation on nutrient digestibility, feeding value and rumen

fermentation in sheep. Four digestibility trials were carried out using four healthy mature Saidi rams
were used for each trail as 4x4 Latin square. Each trial lasted for three weeks, the first two weeks were
considered as a preliminary period followed by one week collection period. The groups were a control group fed
basal diet without supplement and treated groups fed MO,2.5% of concentrate mixture (T1), YC, 0.5% of
concentrate mixture (T2) and 2.5% MOL + 0.5% YC of concentrate mixture (T3). All of Moringa leaves or
yeast culture (YC) was mixed with concentrate diet. All animals were fed 60% of their requirements as DM,
concentrate mixture while, wheat straw was given as roughages ad libitum. The experimental design was Latin
square model. The data were statistically analyzed using general linear model (G.L.M) procedure of S.A.S
(2001) program, version 8.2. The results referred that, the digestibility of dry matter, organic matter, crude
protein, crude fibre and ether extract were improved (P<0.05) for T3 diet compared with control diet. However,
no significant differences were found between T1 and T2 diets or between T2 and T3 diets. Also, the feeding
value expressed as total digestible nutrient (TDN), digestible crude protein (DCP) and digestible energy (DE)
were higher for T2 and T3 diets than T1 and control diets. No significant differences were observed in ruminal
pH among groups. Supplementation of Moringa leaves with live yeast culture to concentrate diet (T3) increased
(P <0.05) rumen ammonia nitrogen as compared with other groups. However, the volatile fatty acids (VFAS)
was higher (P<0.05) with supplement YC to concentrate diet group (T2) than other groups. The total bacteria
count in rumen liquid was higher (P<0.05) in yeast group (T2) than other groups. Also, all treated groups were
higher in total bacteria count than control one. In conclusion, dietary supplementation of Moringa leaves and
live yeast culture (S. cerevisiae) to concentrate mixture may improve nutrient digestibility and rumen
fermentation patterns in sheep.

This study investigated the impacts of dietary Moringa Oleifera leaves (MOL) and yeast culture (YC)
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INTRODUCTION

Feed added substances are a group of feed ingredients that are required in minute quantity and may
improve animal nutrition and its profits.

Moringa oleifera leaves can be used as a protein supplement for human being and animals due to its high
protein concentration. Moringa oleifera leaves are unique because of their tremendous amounts of minerals
and low harmful compound or not toxic. Moringa oleifera leaves meal are good feed sources for livestock,
fish, rabbits, laying hens, broiler chickens, growing sheep, and cross-bred cows (Afuang et al., 2003).
Recently, several types of research have been investigating the use of M. oleifera leaf as a protein source
and feed components in animal production especially in goats, (Babeker and Abdalbagi, 2015; Sultana et al.,
2015) and sheep (Adegun et al., 2011)). The advantages of using Moringa as livestock feeds include the
following: the leaves are rich in minerals which are essential for animal growth and milk production
(Mendieta-Araica et al. 2011) and an excellent source of proteins that required for ruminal microbial protein
synthesis (Soliva et al. 2005).

Yeast is consider one of the cheapest feed additives that added to sheep rations to improve animal
performance and rumen parameters (Farghaly and Hamdon, 2018). Kamra and Pathak (2005) reviewed that
YC stimulates microbial growth, increase ruminal pH and fermentation consequently VFA's production.
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They added that, dietary yeast culture may improve post ruminal digestion, nutrient digestibility and immune
response. Similarly, Garg (2008) found improved nutrients digestibility and increased production of carboxy
methyl cellulase activity in the rumen due to dietary YC supplementation. Inclusion of YC in ruminants' diet
and non-ruminants leads to improve health status and productivity of animals Calsamiglia et al. (2006).
Yeast cells are known to be a rich source of vitamins, enzymes and some unidentified cofactors that are
helpful in increasing microbial activity in the rumen (Dawson et al., 1990).

The objectives of our study were to evaluate the effect of dietary Moringa Oleifera leaves (MOL) and
yeast culture (YC) (Saccharomyces cerevisiae) supplementation on nutrient digestibility, feeding value and
rumen fermentation.

MATERIAL AND METHODS.

This experiment was carried out at the Animal Production Research Farm, Faculty of Agriculture, Al-
Azhar University, Assiut branch.

Animals, management and feeding

Four digestibility trials were conducted on four healthy mature Saidi rams for each trail as 4x4 Latin
square. The age of rams was two years old and a body weight of about 50 kg. The rams were housed
individually in metabolic cages and had free access to water throughout the experiment. The trial lasted for
22-days; the first 15-days were considered as a preliminary period followed by a 7-days fecal collection
period. The animals in group one were considered as a control, which was fed a basal diet consisting of
concentrate mixture and wheat straw. The second group (T1) rams was fed 2.5% MOL of concentrate
mixture, the third one (T2) received the same basal diet plus 0.5%Y C of concentrate mixture and the last one
(T3) rams received 2.5% MOL + 0.5% YC to concentrate mixture. The rations were formulated to satisfy the
nutrient requirements of rams according to NRC (1985). The rams were fed 60% of their requirements as a
concentrate mixture based on NRC guidelines and the rest were covered from wheat straw as roughages ad
libitum. The concentrate mixture, wheat straw, moringa leaves, yeast culture and experimental diets were
analyzed chemically for nutrient contents according to AOAC (2005) and are shown in Tables (1) and (2).

Chemical analysis and digestion coefficients measurements

During the collection period of feces, the daily feed intake of concentrate mixture and wheat straw was
calculated by removal of residual feed from the offered one. Samples of diets were taken, mixed and ground
through 1mm screen and stored for chemical analyses. Feces were collected daily and 10% of its weight
were taken and dried at 60-70 °C for 24 hrs. The fecal samples from each animal were composited and
grounded through a 1mm mill screen for subsequent chemical analysis. The chemical analyses of feed
samples, and feces were carried out by using the methods of AOAC (2005).The apparent digestion
coefficients of nutrients were calculated by expressing the difference between the content of nutrients in both
consumed feed and feces as a percentage of its intake. The feeding value expressed as total digestible
nutrient (TDN), digestible crude protein (DCP) and starch equivalent (SE) were calculated using the
chemical analyses of used ingredients and the apparent digestibility rates of different nutrients in the
consumed diets according to McDonald et al. (1978). Gross energy (GE), digestible energy (DE) and
metabolic energy (ME) were calculated according to Maaf. (1975).

GE MJ /Kg DM=0.0226 X %CP + 0.0407 X % EE + 0.0192 X %CF
+0.0177 X % NFE.

DE MJ/Kg DM = DOM X 19.

ME MJ / Kg DM= DE X 0.82.

Rumen liquor parameters

At the end of digestibility trial, samples of rumen contents were collected three times from each ram
using a stomach tube. Rumen liquor samples were collected 3—4 hrs. after the morning feeding then three
and six-hours post feeding. Rumen liquor samples were filtrates through four layers of cheesecloth. The
filtrate portion was used immediately for measurement of pH using a digital pH meter (Beckman, model 45,
USA). Ammonia N concentration in rumen liquor was determined according to Chibnal and Williams
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(1943). Strained rumen liquor samples were acidified with 0.1 N hydrochloric acid and concentrated
orthophosphoric acid to stop the microbial activity before its storage for analysis, and then the samples were
kept frozen at -20°C for determination of total volatile fatty acids (VFASs) and total bacteria count. The
concentration of TVFA’s was determined by the steam distillation method (Warner, 1964) using Markham
micro distillation apparatus. The total bacteria count was determined according to Bryant and Turkey (1953).

Table (1): Chemical composition (%) of concentrate mixture, wheat straw, Moringa leaves and yeast
culture (on DM basis).

Item Co;r;trat::te Wheat straw hf:;\i/gga Yeast culture
Dry matter (DM) 89.80 93.12 90.83 91.66
Organic matter (OM) 87.88 89.20 89.85 97.72
Crude protein (CP) 13.95 1.79 2151 37.83
Crude fiber (CF) 20.10 39.71 4.65 8.44
Ether extract (EE) 3.20 0.45 5.69 451
Nitrogen free extract (NFE) 50.60 47.25 58 46.94
Ash 12.12 10.80 10.15 2.03
Gross energy (MJ /Kg DM) 1.73 1.69 1.83 2.03

Table (2). Chemical analysis and nutrient composition of experimental diets (% on DM basis)

Treatment
Item
Control T1 T2 T3

Dry matter (DM) 90.77 90.95 90.80 90.76
Organic matter (OM) 88.27 88.73 88.29 88.32
Crude protein (CP) 10.39 9.95 10.38 10.73
Crude fiber (CF) 25.84 26.50 25.93 25.32
Ether extract (EE) 2.40 2.31 2.36 247
Nitrogen free extract (NFE) 50.60 47.25 58.00 46.94
Ash 11.73 11.63 11.71 11.68
Gross energy (MJ /Kg DM) 171 171 1.71 1.71

T1: rams received 2.5% Moringa leaves; T2: rams received 0.5% yeast culture; T3 rams received 2.5% Moringa leaves
+ 0.5% yeast culture

Statistical Analysis:

The experimental design was Latin square model. The data were statistically analyzed using general
linear model (G.L.M) procedure of S.A.S (2001) program, version 8.2. Differences between groups in
digestibility and nutritive values were evaluated by one-way ANOVA. The significant differences between
treatments means were tested by Duncan Multiple Range Test (Steel and Torrie, 1980). The data are
presented as means + SE. Probability values of less than 0.05 (P < 0.05) were considered to be significant.
The following model was used,

31



Farghaly et al.

Yij=u+Ti+Ej
The Rumen liquid parameters data was analyzed according to the following statistical model.
Yijk = H+T; +M;+(TM); + Ejjc

Where, Yj;= experimental observation, p = general mean, T; = the effect of treatment, i= control ,T1, T2,
T3, Ej = the errors related to individual observation, M; = the effect of time sampling after feeding, j =
zero, three hours and six hours, (TM); = interactions between time and treatment

RESULTS AND DUSSCTION

Nutrient digestibility coefficients

The effects of supplemented MOL and YC or its combination on nutrients digestibilities are shown in
Table (3). Dietary MOL (T1) had no effect on all nutrients digestibility's with exception of CF digestibility,
which improved (P<0.05) by 7.5% in favor of MOL diet group. Similar result was found by Adeniji et al.
(2010), they stated that digestibility of nutrients was not affected by using moringa leaves in rabbits' diet.
However, Tonia et al. (2014) found that goats fed the concentrate diet with 15% of Moringa oleifera leaf
meal had significantly higher rate of digestibility coefficients than those fed 5% or 10% inclusion level. The
improvement CF digestibility in T1 of moringa leaves diet may be due to increase of fibrolytic bacteria in
the rumen. Fayomi et al. (2014) attributed the higher CF digestibility with increasing MOL level from 7 to
9% in diets of sheep to increase activities of fibrolytic bacteria in the rumen due to the increase of available
essential nutrients especially protein, energy and minerals in balanced proportions and /or enhanced
microbial growth and multiplication. Also, CP and EE digestibility in T1 group were numerically improved
by 5.3 and 6.2%, respectively compared to control group. This is probably because Moringa leaves consists
of more degradable components especially crude protein and this could serve as supplement to ruminant
diets (Fayomi et al., 2014). Nuhu (2010) stated that feeding Moringa oleifera dry leaves was improving CP
digestibility on rabbits.

Table (3). Effect of Moringa leaves and yeast culture supplement to ram's ration on nutrient
digestibility, %

Treatment
Item P value
Control T1 T2 T3
DM 69.11° + 0.74 72.01%+ 2,58 75.29°+ 1.19 74.96% + 0.65 0.031
oM 70.63°+0.76 73.45® +2.73 76.43%+1.23 76.06% + 0.55 0.048
cP 64.10° + 1.94 67.66™ + 3.72 75.07® +2.12 76.50° + 0.77 0.017
CF 71.90° + 2.07 77.71%+1.77 78.88%+0.71 82.03°+0.43 0.006
EE 60.58° + 2.58 64.59° + 3.39 70.05%+ 1.78 71.36°+0.43 0.043
NFE 71.68 + 0.52 72.59 + 3.16 75.98 + 1.49 73.32+0.58 0.414

A Yalues in the same row with different superscripts differ significantly (p<0.05).
T1: rams received 2.5% Moringa leaves; T2: rams received 0.5% yeast culture; T3 rams received 2.5% Moringa leaves
+ 0.5% yeast culture

Supplement yeast culture alone in T2 diet or combined with MOL in T3 diet increased (P<0.05) the
digestibility's of dry matter (DM), organic matter (OM), crude protein (CP), crude fibre (CF) and ether
extract (EE) compared with control diet (Table 3). Moreover, no significant differences were found between
T1 and T2 or between T2 and T3. The improvement all nutrients digestibilities with supplement yeast
culture to concentrate mixture may be due to the stimulation of rumen proteolytic bacteria and protozoa.
Also, the improve CF digestibility in T2 and T3 in the present study may be explained on the basis of
increasing the number of rumen cellulolytic bacteria due to yeast culture supplementation (Farghaly and
Hamdon, 2018). Newbold et al. (2000) found that dietary yeast increased the breakdown of fiber in the
rumen, which increased microbial protein production, consequently, more protein available for absorption in
the small intestine. Ghazanfar et al. (2015) attributed the improvement in nutrients digestibility to the
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increase of cellulose degrading microbial biomass population inside rumen. Similar results were reported by
Helal and Abdel-Rahman (2010), they found that sheep fed diets supplemented with yeast culture had higher
nutrients digestibilities than those of control diet.

Feeding value

The feeding value in terms of total digestible nutrients (TDN), starch equivalent (SE), digestible crude
protein (DCP), digestible energy, and metabolic energy (ME) of T2 and T3 groups were higher (P<0.05)
than control group (Table 4). However, no significant differences were found between T1 and control or
between T2 and T3 groups. The improvement nutritive value with supplement yeast culture to T2 ration or
combined it with Moringa leaves in T3 ration may be due to improvement in nutrients digestibilities (Table
3). This results were confirmed by Khattab et al. (2010) found that digestibility and feeding value of
buffaloes ration were improved (P<0.05) as a result of supplement dried yeast (Saccharomyces cerevsiae).
Farghaly and Hamdon (2018) found that the feeding values in terms of total digestible nutrients (TDN),
starch value (SV) and digestible crude protein (DCP) increased with supplement yeast culture at levels of 0.5
and 1% in the diets of rams. Similarly, Komonna (2007) and Helal and Abdel-Rahman (2010) they reported
that yeast culture and commercial probiotic tended to improve TDN and DCP. Robinson (1997) stated that
yeast culture supplementation increased the digestibility of fiber leading to improve energy output.

Total bacteria count in rumen

Data in table (4) shown that the total bacteria count in rumen liquid was higher (P<0.05) in yeast group
(T2) than other groups. Also, all treated groups were higher in total bacteria count than control one. The
elevated number of bacteria in the rumen of YC supplemented animals may be due to the yeast cells contains
several vitamins, enzymes, organic acids and some unknown cofactors that may enhance growth of rumen
microbes ( Chaucheyras e al.,1995). This results agreement with Farghaly and Hamdon (2018), they reported
that the total bacterial and protozoal count were increased (P<0.05) in the rumen with increasing the level of
yeast culture in diets of sheep from 0.5 to 1% as compared with control one. Similarly, Chaucheyras-Durand
et al. (2005) reported that the number of cellulolytic bacteria and protozoa increased in newborn lambs
supplemented with yeast culture by using stomach tube. Also, Sarwatt et al. (2004) reported that the small
amounts of Moringa leaves improved the rumen environment, which leads to the increase of microorganisms
in the rumen.

Table (4): Effect of Moringa leaves and yeast culture supplement on nutritive values and total
bacteria count in rumen of experimental rations.

ltem Treatment P
Control T1 T2 T3 value
TDN, % 64.093" + 0.608 66.90°°+2.55 69.673%+1.181 69.470°+0.504  0.041
DCP, % 6.660° + 0.202 6.736°+0.402 7.796%+0.346 8.213%+0.131  0.012
SV, % 41.596° + 0.624 43.196%+2.620 47.043%+1.384 47.540°%£0.750  0.040

DE, MJ/kg DM 1184.48°+13.482 1233.04%°+45.669  1282.36°+20.487  1276.25°+8.934 0.036
ME,MJ/kg DM 947.94°+12.765  1011.10®+37.450 1051.54°+16.800  1046.66°+7.470  0.033

Total bacteria 3.81°+0.062 4.38° + 020 515°+0039  4.42°+0026  0.001
count ( x 10°/mL)

abC values in the same row with different superscripts differ significantly (P<0.05).
T1: rams received 2.5% Moringa leaves, T2: rams received 0.5% yeast culture; T3 rams received 2.5% Moringa leaves
+ 0.5% yeast culture

Rumen parameters.

Data of ruminal pH, NH3-N and TVFA’s concentration are presented in Table (5). Results indicated that
the rumen pH values were not significantly different among groups. These results are in agreement with
those reported by Al-Dabeeb and Ahmed (2002), Ali (2005), Komonna (2007) and (Galip, 2006), they
reported that yeast culture or commercial probiotic had no effect on ruminal pH. Also, Kewan et al. (2019)
showed that no differences were observed among experimental rations contained moringa with yeast or
fungi on rumen pH. However, Abdel-Khalek et al. (2000) found that the rumen pH value decrease with the
addition of yeast culture to ration of suckling Friesian calves.
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Concerning the effect of sampling time on ruminal pH, the mean values of pH were lower (P<0.05) at 3
hrs. and 6 hrs. after feeding than before feeding. The decrease in ruminal pH after feeding could be linked to
the increase of VFA concentration (Table 5). Huard et al. (1998) reported that rumen pH was negatively
correlated with total VFA (r = —0.60; P < 0.001), indicating that 36 % of the variation in rumen pH was due
to VFA production. Similarly, Owens et al. (1998) concluded that rumen pH is affected by TVFA’s
concentration in rumen fluid as results of intensive fermentation process of both nonstructural and structural
carbohydrates and the production of volatile fatty acids. The results of the present study

Table (5) Effect of Moringa leaves and yeast culture supplement on rumen parameters.

ltem Treatment Hours after feeding Means of v:;;Je
Zero 3 hours 6 hours treatment
control 7.41+0.13 6.40% + 0.08 6.25 + 0.34 6.69 +0.21
PH T1 7.28 +0.05 6.56% + 0.19 6.39 + 0.35 6.74+0.18  0.686
T2 7.31+0.10 5.85" + 0.24 6.45 + 0.25 6.54 +0.24
T3 7.38 +0.07 6.23%" + 0.16 6.46 + 0.09 6.69 +0.18
Means of time 7.35%+0.04 6.26" +0.11 6.39Y +0.12
P- value 0.002
control 14.73°+0.81 18.42°+0.85  15.30°+0.57  16.15°+0.52
NH3 T1 1842 +0.35 20.97°+0.69  19.83*+ 040 19.74°+0.35
mg/100ml T2 1757°+1.35 22.48°+040 19.27°+0.38  19.77°+ 061 0.001
T3 20.12°+0.38 23.23*+167  2153*+024 21.63%+ 0.61
Means of time 17.71*+052 21.27°+058  18.98" +0.43
P- value 0.001
control 6.556°+0.23  11.00°+0.19 8.22"+0.58 8.59° + 0.42
TVFA T1 7.11°+042  11.78™+0.12  10.89°+0.23  9.93"+0.43 0.001
meg/100ml T2 9.94°+050  14.50*+1.03 10.33*+0.20  11.59°+0.55
T3 6.89°+0.37 13.00°+0.65 11.50°+1.06  10.46"+0.66
Means of time 7.62°+029  1257°+037  10.24Y+0.36
P- value 0.001

A Yalues in the same row with different superscripts differ significantly (p<0.05).
T1: rams received 2.5% Moringa leaves; T2: rams received 0.5% yeast culture; T3 rams received 2.5% Moringa leaves
+ 0.5% yeast culture

demonstrated that ammonia NH3-N concentration was higher (P<0.05) in the rumen of lambs fed on T3
ration than other groups. Also, NH3-N concentration was increased (P<0.05) with T2 and T1 as compared
to control group. The ammonia NH3-N concentration in this study was within the normal range as described
by Church (1976), being 10 to 45 mg/100 ml depending on composition of the ration, time of sampling and
method of analysis used. Ammonia production in the rumen is a result of two metabolic processes, a direct
protein degradation by the microbial proteases (Parker et al., 1995) and recycled N via saliva and blood
through the rumen wall (Seal and Reynolds, 1993). Rumen NH; would rapidly accumulate in the rumen if
the release of energy for microbial activity from available carbohydrates was not coupled with the release of
NH; in the early hours after feed consumption (Nocek and Russell, 1988; Kennedy and Milligan, 1980).
Yadov and Yadav (1988) reported that increased ruminal NH3-N concentration might be due to the higher N
intake and higher CP digestibility (Table 5). The higher ammonia concentration with addition moringa
leaves and yeast culture was agreement with Galip (2006), who reported that ruminal ammonia-N
concentrations was significantly increased by dietary supplement for yeast culture whatever the ratio
forage/concentrate of the diet. On the other hand, kholif et al. (2015) attributed the lower ruminal ammonia-
N concentration with Moringa oleifera leaves fed goats due to the lower protein degradability of Moringa in
the rumen. Also, Soliva et al. (2005) found that the ruminal ammonia-N concentration was lower with
dietary M. oleifera leaves than with were than soybean and rapeseed meal.
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Effect of sampling times on NHs-N concentration showed a cubic effect, which the mean values of NH-
N concentration were lower before feeding and increased after feeding to reach the peak at 3hrs post feeding
and then decrease again at 6 hrs after feeding. Kewan, et al.(2019) found that the lambs fed ration
continuing Moringa oleifera tree stalks treated with yeast showed higher (P<0.05) rumen NH3-N
concentrations at 3 hrs. after feeding compared with at zero time and 6 hrs. after feeding. The Moringa yeast
ration contained higher soluble plant protein which led to the production of large quantities of NH3-N in
excess of the requirements of rumen microorganisms and were converted to urea in the liver and excreted in
urine. The microbial population in the rumen requires a minimum level of ammonia (70 gm/l) to support
optimum activity (Ahn, 1990).

The ruminal total VFA’s concentration of T2 was higher (P< 0.05) than that of other group. Also, the
ruminal total VFA’s of T1 and T3 was increased as compared with control group. The high value of total
VFA’s in treatment groups may be due to improve nutrients digestibility in this groups as compared with
control one. However, the VFAs concentration might be also affected by other factors such as rate of
absorption, outflow of the digesta from the rumen to other parts of the digestive tract and activity of the
microbial population in the rumen (Allam et al., 1982). This result was confirmed by Kholif et al. (2015),
they found that the ruminal TVFA concentration increased with addition Moringa leaves to goats ration.
Farghaly and Hamdon (2018) reported that dietary yeast culture supplements to sheep diet at alevel of 0.5
and 1% increased (P<0.05) ruminal VFA’s concentration and total bacterial and protozoal count. However,
Soliva et al. (2005) found that the total VFASs concentration was not affected by MOL supplemented-diet.

Effect of sampling time on total VFAs concentration is presented in Table 5. The mean values of total
VFAs concentrations were lower before feeding and increased after feeding to reach the peak at 3hrs post
feeding, then decreased again at 10 hrs post feeding. Kewan et al. (2019) found that the lambs fed rations
continuing Moringa oleifera tree stalks treated with yeast or fungi showed gradual increased (P<0.05) of
rumen TVFA’s from zero time up to 6 hrs. post-feeding.

CONCLUSION

Dietary yeast culture (0.5% of concentrate diet), particularly with moringa leaves (2.5% of concentrate
diet) may improve nutrients digestibilities, nutritive value and rumen fermentation parameters of sheep.
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