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Abstract
Background and Objectives: The use of non-traditional oilseeds such as  Moringa  oleifera  Lam seeds has being an attractive as feed
resource for livestock  production.  The  objective  of this study was to  evaluate  moringa  seed  cake  (MSC)  as  an  alternative  source
of protein in lactating ewe’s ration. Materials and Methods: The control  diet  consists  of concentrate mix and  Egyptian  clover hay
(50:50). Cotton seed meal was substituted by MSC at two  levels  (2.5  and  5%).  Three  trials  were  conducted.  An  in  vitro  true  dry
matter  (IVTDM)  and  fiber fractions digestibility were determined using the batch culture system.  In  vitro   gas  production (GP)
technique was used to determine the amount of gas produced over a 3, 6, 12 and 24 h incubation. For the lactation trial, twenty-one of
lactating Ossimi ewes were assigned into three groups using complete random design to study the effect  of  MSC  on  animal
performance. Results: Total GP after 24 h and potential extent of GP were significantly (p<0.05) increased, while the rate of release was
significantly (p<0.05) decreased for ewes fed MSC levels. The highest digestibility values were observed for the group fed MSC at a level
of 2.5%. Daily fat-corrected milk and composition were significantly (p<0.05) improved in ewes fed MSC at level 2.5%. However, increasing
levels to 5% significantly (p<0.05) decrease milk production and composition. Conclusion: Moringa seed cake could be included in
lactating ewes’ diets as a source of protein at a low level (2.5%) to improve milk production performance without any adverse effect.
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INTRODUCTION

Moringa tree, (Moringa oleifera Lam.) has many potential
valuables and properties which make it of great scientific
interest. It is a fast-growing, multipurpose tree and
characterized by its ability for drought-tolerant. It has a wide
range of uses such as food, medicine and animal feed1,2.
Moringa seed cake, the by-product of oil extraction contains
a high level of crude protein (25-60%) that differs according to
the extraction method2-4. It is commonly used as a natural
coagulant for water purification due to its active ingredients
that coagulate various undesirable moieties5. It is almost free
of tannins, saponins, glucosides, alkaloids and inhibitors of
trypsin and amylase but contains glucosinolates6. Moringa
seed protein has a great potential to modify rumen
fermentation7. It has a high positive charge with an
antibacterial  activity  against   both  Gram-negative  and
Gram-positive bacteria5. Different  in  vitro  studies reported
that  a  significant  decrease  in   protein  degradability8,9.
Salem and Makkar7 reported that feeding lambs with
increasing level of MSC up to 4 g/head/day had positive
effects on rumen fermentation, digestion and average of daily
gain, however, feeding level above 4 g/day decreased the
daily gain of lambs due to the presence of glucosinolates and
the high concentration of the active moiety.

However, using of MSC in the diets of dairy animals did
not well documented. The aim of this study was to evaluate
the impact of inclusion Moringa seeds cake in the diets of
lactating Ossimi ewes on nutrients digestibility and blood
metabolites and milk production performance.

MATERIALS AND METHODS

This study was carried out from April, 2018 to June, 2018
at the experiments station, Atomic Energy Authority, Inshas,
Cairo, Egypt for lactation experiment, while the in vitro  trials
were conducted two months before  the  in  vivo  study at
Dairy Sciences Department, National Research Centre, Egypt. 

Moringa seed cake preparation: Moringa seed cake by-
product has been got from Moringa Production Unit, National
Research Centre, Egypt, after oil extraction using the non-
solvent mechanical cold-press method according to the
method of Fils10. The collected cakes were transported to the
Animal Milk Production Lab., at Dairy Sciences Department,
National Research Centre, Egypt. Then, the cake was air-dried
for one week and ground through a Wiley mill 1 mm screen
before use.

Experimental rations: Two MSC levels (2.5 and 5%) were
tested as a substitution for cotton seed meal in the
concentrate mix. The control diet was consisting of
concentrate mix and Egyptian  clover  hay  (50:50).
Concentrate   mix   was  consisting  of  yellow  corn  grain,
dried olive pulp, cotton seed  meal,  soybean  meal, wheat
bran, salt, di-calcium phosphate,  mineral mixture, vitamin
AD3  and  bicarbonate   sodium.   Ration   ingredients  and
each experimental diet were analyzed for dry matter (DM),
organic  matter  (OM),  crude protein (CP), ether extract (EE)
and ash contents  according to AOAC11. Neutral detergent
fiber (NDF) and acid detergent fiber (ADF) were analyzed
according to Van Soest and Robertson12. Cotton seed meal
was replaced by MSC at levels 0, 2.5 and 5% for control,
MSC2.5 and MSC5 experimental groups, respectively.
Experimental  rations  were  formulated to be iso-energetic
and iso-nitrogenous. 

In vitro batch culture: Batch culture system was used to
evaluate the effect of MSC levels on in vitro  true dry matter
and fiber fractions digestibility. Rumen fluid was collected
from 3 ruminally cannulated sheep (mean weight 51±0.5 kg).
Before the morning feeding, rumen liquor was collected,
squeezed through 4-layers of cheesecloth into a Schott
Duran® bottle (L) with an  O2-free  headspace  and
immediately transported to the laboratory at 39EC where it
was used as a source of inoculum. A mixture of tested ration
in the ratio of 50:50 was used as a substrate. Each treatment
was tested in  6  replicates  accompanied  by  blank  vessels
(no substrate). A 400 mg of the milled substrate was added to
the incubation vessels of 100 mL capacity. Each vessel was
filled with 40 mL  of  the  incubation medium consists of
rumen inoculum: buffer in the 1:2 (v/v). Buffer was prepared
according   to  Goering   and   Van   Soest13   procedure. After
24 h of incubation at 39EC, residuals were transferred into
ANKOM bags for future NDF analysis12. Rumen pH was
measured using pH-meter electrode. Residuals were dried at
70EC and analyzed. IVTDMD was calculated by ANKOM14 as
follows: 

3 1 1

2

(W -(W C ))IVTDMD =  100 100
(W DM)

     

where, W1 is the bag tare weight, W2 is  the  sample  weight,
W3 is the final bag weight after in vitro and sequential NFD
treatment, C1 is the blank bag correction (final oven-dried
weight/original blank bag weight).
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In vitro gas production technique: The Menke and
Steingass15 in vitro gas production technique was used to
determine the amount and kinetics of gas production. About
200 mg of each ration was inserted into three glass syringes
(100 mL). Each syringe was filled with 30 mL of the incubation
medium consists of rumen inoculum: buffer in the 1:2 (v/v).
Buffer was prepared according to Goering and Van Soest13

procedure. The volume of gas recorded during incubation at
3, 6, 12 and 24 h of incubation. Data from gas production was
fitted according to Orskov and McDonald16 by the following
model: 

Y = a+b (1-eGct)

where, Y is the volume of gas produced with time (t), c is the
gas production rate, b is the potential extent of gas
production.

Lactation study: The in  vivo  study was carried out at the
experiments station, Atomic Energy Authority, Inshas, Cairo,
Egypt. Analysis for feed, feces and milk samples was
undertaken at Animal Milk Production Lab., Dairy Sciences
Department, National Research Centre, Egypt. Twenty one of
lactating Ossimi ewes (about 3 years old and weighing on
average (51±0.5 kg) after 15 days of parturition were
randomly assigned into three groups (seven each) using
complete random  design.  Ewes fed the experimental  diets
15 days before parturition and 60 days during lactation. Ewes
were fed dry matter according to 4% of their body weight
twice daily at 8.00 and 15.00, water was offered freely. Total
tract apparent digestibility of OM, CP, EE, NDF and ADF were
determined by total fecal collection. The total of feces
excreted from 3 ewes of each group was manually collected,
during three continuous collection periods of eight hours, on
days 43-45 of  the  period. Fecal composite samples were
oven-dried at 55EC for 48 h and the 100EC , ground in Wiley
mill to pass a 1 mm sieve and thereafter subjected to chemical
analysis for CP, EE, NDF and ADF and ash contents were
determined   as   previously   described.  The  acid-insoluble
ash (AIA) technique17 was used as an internal marker for
nutrient digestibility calculation as suggested by Sales and
Janssens18.

Blood samples were withdrawn from the coccygeal vein
of 3 ewes of each group on the final day of the experiment
period to determine some biochemical analyses (plasma urea
nitrogen, total protein, albumin, glucose, cholesterol,
triglyceride, alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) concentrations). Samples were
obtained immediately after 3 h of the morning feeding meal.

Blood  samples  were collected in tubes containing EDITA as
anti-coagulant agent  then  were centrifuged at 4000×g for
15 min and the obtained plasma was frozen at -20EC until
analysis. The blood plasma parameters were determined by
T80 UV/VIS Spectrometer, PG Instruments Ltd, UK) according
to the standard protocols of the suppliers (brochures) and
using a commercial kit (Biodiagnostic Co. for Diagnostic and
Research Reagents; Dokki, Giza, Egypt).

The lactating ewes were milked twice a day at 09.00 am
and 17.00 pm every 2 weeks of experimental period. Milk
samples were immediately collected from each animal after
morning and evening milking and milk yield was recorded.
Milk samples were analyzed for total solids, fat, total protein
and lactose by Bentley150 infrared milk analyzer (Bentley
Instruments, Chaska, MN, USA). Solids-not-fat (SNF) was
calculated by subtracting fat from total solids percentage. Fat
corrected milk (4% fat) was calculated by using the following19

Eq. 1:

FCM = 0.4 M+15 F (1)

where, M is the milk yield (g) and F is the fat yield (g).

Statistical analysis: Data from the in vitro and in vivo
experiments were subjected to analysis of variance using the
GLM procedure of SAS20 (version 9.4) according to the model:

Yij = µ+Ti+eij

where, Yij is the parameter under analysis of the ij ewes of
lactation trails, µ is the overall mean, Ti is the effect due to
treatment on the parameter under the analysis, eij is the
experimental error for ij on the observation. Duncan's multiple
range test was used to test the significance among means21

which considered to be significant when p<0.05.

RESULTS AND DISCUSSION

Feed ingredients and ration composition: As  shown  in
Table 1, MSC contains a little bit less crude protein content as
compared to the cotton seed meal. However, the content of
lipids is remarkably high (141.2 vs. 87.3). Moreover, cotton
seed meal had higher NDF content than MSC. Nutrients
contents remain after oil extraction differs according to the
extraction method2,3. Also, differences between results are
probably due to difference in varieties, plant phenology
and/or plant production system. Lignin content increases with
increasing seed age and therefore the greater lignin content
and  reduced  protein  content  of  the  moringa   seeds   in  the
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Table 1: Chemical composition of ration ingredients (g kgG DM)
Feed stuff DM Ash CP NDF ADF OM EE
Clover hay 926.0 90.6 147.8 445.3 311.8 835.4 27.9
Corn 901.9 12.8 72.8 376.5 37.4 889.1 47.4
Olive pulp dry 895.5 49.4 69.0 683.5 690.7 846.1 116.1
Cottonseed meal 927.0 49.8 244.7 527.1 337.3 877.2 87.3
Moringa seed cake 942.2 71.8 236.0 460.3 349.5 870.4 141.2
Soybean 928.7 64.4 436.6 216.7 86.2 864.3 10.9
Wheat bran 918.4 45.6 150.6 407.8 121.7 872.8 36.7
DM: Dry matter, CP: Crude protein, NDF: Neutral detergent fiber, ADF: Acid detergent fiber, OM: Organic matter, EE: Ether extract

Table 2: Ration ingredients and chemical composition
Treatments
-----------------------------------------------------

Items Control MSC 2.5% MSC 5%
Ingredients (g kgG1) DM
Egyptian clover 500.0 500.0 500.0
Yellow corn 177.5 177.5 177.5
Olive pulp dry 75.0 75.0 75.0
Cottonseed meal 115.0 102.5 90.0
Moringa cake - 12.5 25.0
Soybean meal 20.0 20.0 20.0
Wheat bran 100.0 100.0 100.0
Salt 5.0 5.0 5.0
Di-calcium phosphate 5.0 5.0 5.0
Mineral mixture 1.5 1.5 1.5
Vitamin AD3 0.5 0.5 0.5
Bicarbonate sodium 0.5 0.5 0.5
Chemical composition (g kgG1) DM
Organic matter 844.4 844.3 844.2
Crude protein 143.9 143.8 143.7
Ether extract 45.0 45.7 46.3
NDF 446.5 445.6 444.8
ADF 267.0 267.2 267.3
Ash 74.1 74.4 74.7
NDF: Neutral detergent fiber, ADF: Acid detergent fiber, MSC: Moringa seed cake

Table 3: Degradability of DM and CP and rumen parameters of moringa seed
cake in vitro

Treatments
-----------------------------------------

Items Control MSC 2.5% MSC 5% SEM p-value
TGP, mL/200 mg DM 35.90a 40.45b 45.67c 1.71 <0.01
b (%) 37.95a 50.30b 54.70b 3.07 0.02
c (% hG1) 0.1115b 0.0650a 0.0763a 0.01 0.05
IVTDMD (%) 64.77 66.10 65.38 0.78 0.22
NDFD (%) 22.01 25.04 23.09 1.73 0.23
ADFD (%) 24.36 24.92 22.81 1.69 0.52
pH 7.17b 7.14b 7.01a 0.05 0.01
MSC: Moringa seed cake, TGP: Total gas production, b: The potential extent of
gas production, c: Gas production rate, IVTDMD: In vitro true dry matter
digestibility, NDFD: Neutral detergent fiber digestibility, ADFD: Acid detergent
fiber digestibility, a-cwithin a row, means without a common lowercase
superscript differ (p<0.05)

present experiment suggested that the seeds used were more
mature than those used in other research22. The MSC used in
the  present  study  had  a  lower  OM and CP, but had a
greater NDF and ADF content than those reported  by
Olivares-Palma  et  al.23,  who  used  pressed  Moringa   oil  seed

cake compared to the present work. As shown in Table 2, the
chemical compositions of the rations did not significantly
affect MSC substitution. 

Rumen fermentation: Table 3 represents the rumen
degradability of DM and fiber fractions (NDF, ADF). Data show
that, MSC had no significant effect on in vitro rumen
digestibility. However, MSC 2.5 had numerically higher values
for DM, NDF and ADF digestibility. Total accumulated gas
production has been increased (p<0.05) as increasing MSC
levels (Table 3), while the rate of gas accumulation was
significantly (p<0.05) decreased in diets contains MSC as
compared to control diet. Rumen pH was slightly decreased in
the higher level of MSC substitution (MSC5) (p<0.05).
However, there is no significant difference between MSC 2.5
and the control diet. The antimicrobial activity of high positive
charge protein in MSC that has antimicrobial activity has a
potential impact in modifying the ruminal fermentation,
leading to decrease ruminal protein degradability that could
enhance the post ruminal protein supply5,7-9. Feeding of MSC
at high level led to increase the concentration of the active
moiety (cationic proteins) in the feed that might have negative
impact on rumen fermentation than if it is in optimal
concentration7. Negative linear relationship between IVDMD
and MSC levels had been reported by Olivares-Palma et al.23.
Considering the kinetic of gas production, inclusion of MSC
lead to a significant increase in the total gas production (GP24)
and potential extend of gas production. However, the rate of
gas release was significantly lower compared with the control
diet (p<0.05). The amount of gas produced is as a result of
fermentation and the indirect gas produced from the
buffering of short chain fatty acids (SCFA) produced during
fermentation. Only substrate fermented to acetate and
butyrate produced gas. Propionate yields gas only from
buffering of the  acid2,24  reported  that  rumen  parameters
(pH, ammonia and total volatile fatty acids) were not affected
by MSC. Therefore, the observed differences in the kinetics of
gas production might be due to a change in the molar
proportion of different SCFA produced.
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Table 4: Nutrient digestibility of lactating ewes in the experimental groups
Treatments
------------------------------------------------

Items Control MSC 2.5% MSC 5% SEM p-value
OMD 59.95 64.46 61.08 1.144 0.286
CPD 66.01 69.55 67.31 0.837 0.234
EED 77.29 80.73 75.34 1.540 0.477
NDFD 50.29 57.83 54.43 1.502 0.106
ADFD 55.34 55.17 51.71 1.736 0.051
MSC: Moringa seed cake, OMD: Organic matter digestibility, CPD: Crude protein
digestibility, EED: Ether extract digestibility, NDFD: Neutral detergent fiber
digestibility, ADFD: Acid detergent fiber digestibility

Table 5: Blood metabolites of lactating ewes in the experimental groups
Treatments
-----------------------------------------

Items Control MSC 2.5% MSC 5% SEM p-value
Protein (g dLG1) 5.94 6.37 6.05 0.44 0.2986
Albumin (g dLG1) 4.57 4.00 4.38 0.09 0.0741
Urea (mg dLG1) 55.16b 49.77ab 47.81a 16.87 0.0530
Glucose (mg dLG1) 50.07b 53.48a 53.45a 21.14 0.0727
Cholesterol (mg dLG1) 87.43 77.07 77.15 29.92 0.4792
Triglyceride (mg dLG1) 41.29 40.51 38.09 50.71 0.8201
ALT (U mLG1) 24.12 24.69 23.44 0.55 0.790
AST (U mLG1) 24.1 26.67 22.23 0.90 0.788
ALT: Alanine aminotransferase, AST: Aspartate aminotransferase, MSC: Moringa
seed cake, a,bWithin a row, means without a common lowercase superscript differ
(p<0.05)

Table 6: Milk yield, fat corrected milk and milk composition in lactating ewes fed
experimental rations

Treatments
--------------------------------------

Items Control MSC 2.5% MSC 5% SEM p-value
Average milk yield (g/day) 412.10 502.50 465.40 0.028 0.180
Average FCM (g) 321.10b 455.30a 370.20ab 0.023 0.010
Chemical composition (%)
Fat 6.63b 7.39a 6.81b 0.34 0.0001
Protein 4.49b 4.92a 4.54b 0.16 0.0019
Lactose 4.06b 5.31a 4.51ab 0.91 <0.0001
SNF 12.14b 13.50a 12.48b 1.16 0.0002
Ash 0.95b 1.05a 0.97b 0.01 0.0004
Milk yield composition (g/day)
Fat 27.42b 37.83a 31.51b 0.94 0.002
Protein 18.93b 25.18a 21.05ab 0.65 0.0331
Lactose 16.83b 26.90a 20.50ab 0.15 0.0173
SNF 51.00b 69.24a 57.84ab 0.52 0.0188
FCM: Fat corrected milk, SNF: Solid-non-fat, MSC: Moringa seed cake, a-cWithin a
row, means without a common lowercase superscript differ (p<0.05) 

Digestibility coefficients: Nutrient digestibility were
calculated to estimate the nutritive value of MSC based on
chemical composition for feeding and feces. Table 4
summarizes data for digestibility coefficients of the
components for OM, CP, EE, NDF and ADF. Organic matter, CP
and EE digestibility are numerical high with both of MSC levels
vs. control. However, MSC2.5 had the numerical highest
values. The NDFD was insignificantly higher with 2.5 and 5%
MC levels by 7.54 and 4.14%, respectively vs. control. While,
MSC at level of 5% decreased ADF digestibility (p = 0.051). 

The  results  are  in  agreement  with  those  reported  by
El-Naggar et al.2, they found a significant improvement in all
nutrient digestibility (DM, OM, CP, EE and CF) and average
daily gain of lambs fed ration with a partial substitution of
soybean meal protein by (0, 25 and 50% MSC). The
improvement of nutrients digestibility are a reflection for
positive nitrogen balance and the reduction in urinary
nitrogen output7 which lead to increase the nitrogen retention
and reflected on sheep gain. The positive effect of MSC on
nutrients digestibility could be due to the antimicrobial effect
of MSC protein on fuses the inner and outer membranes
bacteria and decreasing the degradability of feed proteins in
rumen and increase the post ruminal protein supply5,8,9,25. The
ruminal degradability of MSC protein was about 61% as
mentioned by Krishnamoorthy et al.26.

Blood metabolites: Blood metabolites are frequently used to
scan for metabolic health status in dairy herds27. In the current
study, values of total protein, albumin, cholesterol, triglyceride,
enzyme activities of alanine aminotransferase (ALT) and
aspartate aminotransferase (AST) were insignificantly altered
by   MSC   replacement   (Table     5).   A  significant  reduction
(p = 0.05) was found for urea blood concentration in ewes fed
MSC 2.5, compared to the control group. However, glucose
blood was (p = 0.07) increased with MSC levels. Lipids
derivatives such as cholesterol and triglyceride were not
affected by MSC replacement in rations. Results show that,
MSC substitution had no adverse effect on blood metabolites
and they were in the normal range. No data are available on
the effect of MSC in blood metabolites. Bruno et al.28

suggested that reduced urea nitrogen in the plasma indicates
an improvement in protein utilization. Decreasing in vitro
ruminal degradable protein could result in a reduction in
ammonia release in the rumen and blood urea level.

Bijina et al.29 and Kumari30 reported that Moringa oleifera
supplementation decreased  fat  metabolism  derivatives (total
cholesterol and triglycerides) compared to the control group.
These studies report consistent with the present results.

Milk yield and composition: As shown in Table 6, ewes fed
MSC 2.5 had (p<0.05) higher FCM, milk fat, protein, lactose,
SNF and ash percentages compared to control group.
However, the average milk yield was no significantly differed
among groups. There is no previous studies available for the
effect of MSC substitution on milk production. Previous
researches are focused on the effects of using Moringa leaves
as fresh forage, dried foliage and/or concentrate form or
ensilage as supplement or substitute31-34 or evaluated it by in
Sacco  method with Holstein cows35. Studies  with  dairy   cows
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reported an improvement in daily milk yield as a response to
feeding dried or fresh leaves and soft twigs of Moringa leaves
supplement31,32. Previous study using lactating goats showed
an increase in milk yield in response to feeding Moringa leaves
as a sesame or concentrate replacer33.

The improvement in milk production might be due to the
improvement in nutrients digestibility and feed efficiency36.
Brisibe et al.37 reported that inclusion of Moringa in dairy
rations resulted in a high rate of digestibility in the rumen
increasing the availability of energy results and milk
production. Moreover, the observed improvement in milk fat
could be due to the potential effect of MSC on the molar
proportion of SCFA produced in the rumen. On the production
side, the Moringa seed has been reported that amino acids
content6,38 that are combine to form proteins. Rumen
microbes synthesize the essential amino acids from other
amino acids or from nitrogen containing substances. The
efficiency of rumen microbial growth and activity in the rumen
is enhanced by the presence of adequate amino acids,
peptides and most macro and micro minerals39. Another
explanation, Moringa tree (leaves, pods and seeds) has rich
essential phytochemicals and phytosterols such as
stigmasterol, sitosterol and kampesterol which is a precursor
for hormones required for reproductive growth as well as
synthesis lactogogue. These compounds increase the
estrogen hormone production, then in turn stimulates the
proliferation of the mammary gland ducts to produce milk40.
Moreover, Moringa is rich provide vitamin C, vitamin A and
calcium which is very important for dairy animals and help to
feed metabolism as well as produced milk rich in their
contents. Conclusively, the overall effect of moringa seed cake
as an alternative protein source in lactating ewes diets on
degradability and mediated rumen fermentation kinetics in a
desirable fashion leading to enhance feed degradability, while
increasing milk production that is beneficial for both breeder
and environment. Moreover, careful selection of levels of MSC
depending on the diet of animals may help to improve the
efficiency of rumen microbial  fermentation, feed degradability
and utilization. However, further  in  vivo  studies are wanted
to establish the efficacy of Moringa seed cake in ruminants. 

CONCLUSION

Moringa seed cake could be used as protein source in
lactating Ossimi ewe’s rations up to 2.5% to improve milk
production without any adverse effect on blood metabolites.
More studies were needed to evaluate the effect of Moringa
seed cake at different level of substitution on the molar
proportion of short chain fatty acids produced during
fermentation.

ACKNOWLEDGMENT

This research was supported by a National Research
Center, Egypt, in accordance with the Research Project ID
Number: 11090125.

SIGNIFICANCE STATEMENT
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