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ABSTRACT

Objective:	This	experiment	was	designed	to	assess	the	quality	and	to	evaluate	the	feeding	impact	of	
moringa	feed	on	intake,	digestibility,	rumen	fermentation,	methane	(CH4)	production,	and	milk	yield.
Materials and methods:	According	to	body	weight	and	exit–entry	average	daily	milk	production,	
fifteen	BLRI	cattle	breed-1	 lactating	cows	of	3rd	or	4th	stage	of	parturition	with	wk	3	and	4	of	
calving	were	selected	and	were	equally	and	randomly	distributed	into	three	dietary	groups.	One	
group	of	cows	was	fed	a	control	diet	(T0)	consisting	of	1:1	dry	matter	(DM)	of	Napier	silage	and	
conventionally	mixed	 concentrate.	 The	other	 two	groups	were	 fed	a	 control	diet	by	 randomly	
replacing	i)	50%	(T1)	or	ii)	100%	(T2)	of	its	concentrate	with	moringa	feed.	The	three	dietary	groups	
were	balanced	nutritionally	based	on	energy	and	protein	following	the	Bangladesh	Standards	and	
Testing	Institution	(BSTI)	standard.
Results:	The	concentrate	mixture	was	replaced	with	moringa	feed	to	increase	the	feed	efficiency	
and	to	reduce	the	DM	or	crude	protein	intake	(p < 0.05)	per	100	kg	of	metabolic	body	weight.	
The	T2	group	flourished	with	the	highest	(p < 0.05)	amount	of	raw	milk	and	also	4%	fat-corrected	
milk	(4.39	and	4.59	kg/day,	respectively)	compared	to	the	T0	group	(3.30	and	3.49	kg/day,	respec-
tively).	However,	it	increased	(p < 0.05)	the	concentration	of	total	volatile	fatty	acid	and	decreased	
(p < 0.05)	the	blood	and	milk	cholesterol,	and	ammonia-nitrogen	(NH3-N)	was	reputed	by	adding	
moringa	feed	into	the	T0	group,	without	showing	any	significant	(p > 0.05)	change	in	CH4	produc-
tion,	fat,	solid	not	fat,	lactose	or	protein	content	of	milk.
Conclusion: Therefore,	moringa	feed	increased	the	productivity	in	dairy	cows,	replacing	the	whole	
concentrate	diet.
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Introduction

A high supply of macro and micro nutrients containing 
feeds and fodders is necessitated for intensifying the feed 
utilization and productive performance through intensive 
ruminants’ production. Nevertheless, in most developing 
countries, the feeding system mainly depends on high-fi-
ber-containing crop residues and grass which are deficit 
in nutrients; this is a challenge for scientist and livestock 
experts who need to pursue alternative universally high 
nutrient containing animal feeds to boost the production 
performance [1]. The potential use of live yeast [2], herbal 
plants [3], phytogenic extracts [4], and essential oils [1] 

are alternative strategies to enhance microbial fermenta-
tion, utilization, and finally, animal productivity. 

As a consequence, Moringa oleifera, originating from 
the Indian subcontinent, is a decent source of nutrients, 
like crude protein (CP) [5,6], due to the optimally balanced 
composition of amino acids and fatty acid profiles and high 
digestible protein content [7] that can replace the soybean 
meal [8] and 75% of the sesame meal [6]. Moreover, sapo-
nins and tannins are the major bioactive compounds of M. 
oliefera [5,6,9], which provide a positive impact on feed 
utilization and lessen the CH4 production through antimi-
crobial activities [4,5]. High nutrient containing M. oleifera 
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in the diet was found responsive to increase in feed intake 
and digestibility [10] and exaggerated the milk yield, 
with no adverse effect on blood chemistry [6,11,12]. The 
feeding of Moringa as a feed for dairy cattle was explored 
through systematic research, but the farmers are not used 
to formulating the moringa feed, which is why it needs to 
be explored, at least to support the formulation of diets of 
high metabolism in lactating cows. Thus, the study aimed 
to reflect the quality and feeding impact of moringa feed 
on nutrient utilization, fermentation, and milk yield of lac-
tating animals.

Materials and Methods

Ethical approval

The article reports on the moringa feed feeding impact 
on BLRI cattle breed-1 (BCB-1) dairy cows. The Research 
Project Evaluation Committee of BLRI accepted this 
research work, and the animal experimental ethics com-
mittee also approved all experimental produces through a 
Technical Committee by Memo No. T-4/(Part-6) 2015/1799 
dated 12 December 2015 under Project No. 12.

Experimental place and agro-climate

The experiment was carried out on the experimental cat-
tle research station of BLRI which is located at 23°42ʹ0ʺ N, 
90°22ʹ30ʺ E at an altitude of 4 m above the sea level. The 
average day temperature and humidity during the experi-
mental period ranged from 21°C to 35°C and 50% to 75%.

Land preparation and agronomical procedure of M. oleifera

During April 2016, the seeds of native black moringa 
plants containing 5%–7% moisture were sown in poly-
thene pouches filled with sandy alluvial soil. Two seeds 
were put into each pouch and were kept until the age of 
wk 5 for raising the sapling. Before the transplantation 
of saplings, the predesigned land was cleaned, cultivated, 
and organic manure (3.0 tons/ha) and inorganic manures 
(90:30:15 kg/ha of N:P:K) were applied. The moringa sap-
lings were planted with 30 cm spacing between the sap-
lings and 45 cm between the rows. Weeds were controlled 
manually at about each fortnight interval period. After 120 
days of the growing period from the transplantation, the 
1st harvesting occurred wherein the plant was 60-cm high 
from the soil. Further regrowth of the shoots and twigs, 
with a two-month interval, was required and only 90 kg/
ha urea-nitrogen was applied for each cut. The biomass 
was harvested six times in a year and it was processed and 
stored in polythene bags for further use. The annual yield 
of the biomass was determined by adding the total bio-
mass of the different cuts of the moringa biomass.

Preparation of the Moringa feed

The soft twigs with leaves of the moringa plant fodder 
were chopped into approximately 0.5–1.0 cm pieces using 
an electric chopper machine, and the chopped biomass 
was sun-dried on a smooth concrete floor for two consec-
utive days. The dried biomass was milled using a 2.0-mm 
sieve for the production of moringa feed. The moringa feed 
contained acid detergent fiber (ADF) to CP of about 2:1, 
and it was packed in plastic bags that were sealed and kept 
in a well-managed storeroom. 

Napier silage preparation

The experimental animals were fed with Napier silage diet. 
The BLRI Napier-3 was cultivated following the standard 
agronomical practices, followed by the BLRI. The 60–65 
days old Napier fodder was harvested and cut into 6–8 
cm length using an electric chopper machine and ensiled 
in a soil hole, following the BLRI practices of pit silage 
preparation.

The management of BCB-1 dairy cows

Fifteen BCB-1 dairy cows, with an average 220 kg live weight 
(standard deviation = 40.01) of the breeding herd of BLRI 
farm, of the third or fourth parity after wk 3 and 4 of their 
post-natal period, were used for the feeding trial. According 
to live weight and exit–entry milk production, the cows were 
randomly and equally distributed into three dietary groups. 
They were housed in a well-ventilated animal shed with indi-
vidual concrete floor stalls fitted with individual feed and 
water troughs. As routine farm practices, the animals were 
immunized against foot and mouth and anthrax disease and 
were dewormed twice a year. Water was supplied ad libitum. 

Diets and feeding of the BCB-1 cows

Fifteen animals were classified and equally distributed 
into three dietary groups, considering their live weight and 
exit–entry daily milk production. A group of cows were 
fed a control diet consisting of a 50:50 ratio [dry matter 
(DM) basis] of Napier silage and a concentrated mixture 
(Table 1). The concentrate of the control diet was replaced 
by moringa feed at 50%, maintaining a DM ratio of 
50:25:25 of Napier silage, concentrate, and moringa feed, 
respectively, in diet T1 and at 100%, maintaining a ratio 
of 50:0:50, respectively, in diet T2. The experimental diets 
were fed for 75 days. All the three concentrate mixtures 
were iso-nitrogenous. For the contentment of the nutrient 
requirement of the cows, all were calculated according to 
the Bangladesh Standards and Testing Institution (BSTI) 
standard [13]. Molasses (2%) was added to the concen-
trate mixture with dry mash moringa feed to promote 
palatability.
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Napier silage was supplied twice a day to each cow at 
8:00 and 16:00, and the concentrate mixture with and 
without moringa feed was supplied before milking time at 
6:00 and 17:00. For providing the required nutrient to the 
lactating animals, the DM of the basal diet was evaluated 
twice a week through the DM incubator [14].

During the experimental period, the daily feed con-
sumption was calculated through the conventional method 
variance between supply and leftover. Before the feeding 
time, the feeds were weighted and kept in the feed trough. 
On the next day, in the morning, the leftovers were col-
lected and weighted individually and written down into 
the data collection sheet before offering the new feed. 
The DM of the leftover was determined at least once in a 
week except for the period of digestibility determination. 
Supply and refusal of Napier silage and the tested ration 
were collected daily for sampling and stored in a freezer 
(−18°C). For proximate analysis, these collected samples 
were mixed to produce one sample of each cow.

Hand milking was carried out twice a day, in the morn-
ing and evening. Periodically, the total milk production per 
cow was weighted and noted, and 100 mL of milk was kept 
in the milk sample bottle for storing immediately into the 
refrigerator and maintained at 4°C. The milk sample of a 
cow was mixed to have a pooled sample for the determina-
tion of milk composition.

Metabolic trial

For nutrient partitioning and digestibility, the metabolic 
trial was initiated ten days before the end of the research 
work, with three days for adjusting to the new system and 
seven days for data recording. Before the morning feeding, 
the sample collection was completed and the weight of the 

feed supply and leftover, cow dung, and urine at 9:00 were 
noted. The feces voided from each cow were kept into a 
large container for 24 h and encircled with the lid to avoid 
evaporation. Every day, the cow dung of each container 
was weighed and thoroughly mixed, and a 5% subsample 
was taken before emptying the container and was stored in 
the freezer. After the collection period, the total collected 
feces samples of each cow were melted and assorted prop-
erly, and around 300 g of mixed feces sample was taken for 
proximate analysis. After adding 40 ml of H2SO4, the total 
urine voided of each cow was collected into a container. 
The subsample of urine (10 ml/100 ml) was taken for the 
determination of nitrogen through the Kjeldahl nitrogen 
method. For the estimation of apparent nutrient digestibil-
ity, we used the following equation:

Analytical methods of milk 

The purpose of milk constituents was analyzed for all milk 
samples in the BLRI dairy laboratory. According to Gerber’s 
method, the milk fat was determined and the lactose was 
assessed through the rapid method. By difference, the solid 
not fat (SNF) was estimated by using the following equa-
tion: fat corrected milk (FCM) = 0.4 M + 15.0 F, to measure 
the 4% fat corrected milk, where M = milk yield and F = fat 
yield.

Chemical analysis

The animal feed and refusal containing DM, CP, and ash were 
analyzed, following the method described by Association of 
Official Analytical Chemists (AOAC) [15]. Also, fiber diges-
tion was analyzed [neutral detergent fiber (NDF) and ADF] 
according to the method mentioned earlier [16].

Rumen environment

After 3 hours of morning feeding, the rumen fluid was 
collected individually through a rubber stomach tube at 
the end of the digestibility trial and it was immediately 
cleaned through four layers of cheesecloth and straining. 
During the straining period, 100 ml of clean rumen liquor 
was collected in the sample bottle and stored for determin-
ing NH3-N and total volatile fatty acid (VFA) concentration 
through the steam distillation methods. Within a certain 
period, the pH of individual cows was determined using 
the Orian 680 digital pH meter. 

Blood biochemical constituents 

 The blood samples were collected twice a week into hepa-
rinized tubes, from the external jugular vein before morn-
ing feeding, for the measurement of blood chemistry. After 
centrifugation (4,000 r/min), blood plasma was separated 
within 15 min. Immediately, the blood sugar (BS) concen-
tration was determined for the whole blood. Total protein 

Table 1.	 Feed	ingredients	of	conventional	and	Moringa	concentrate	
mixture	(%	fresh).

Ingredients T0 T1 T2

Wheat	bran 40 20 0

Rice	bran 25 12.5 0

Soybean	meal	 15 7.5 0

Moringa	feed 0 40 80

Crusted	wheat	 16 16 16

Vitamin	mineral	premix1) 3 3 3

Salt 1 1 1

Total 100 100 100

T0,	only	concentrate;	T1,	50%	concentrate	+	50%	moringa	feed;	T2,	only	
moringa	feed.
1)Provided	the	following	quantities	per	kg	of	complete	diet:	vitamin	A,	
625,000	IU;	vitamin	D3,	125,000	IU;	vitamin	E,	125	IU;	vitamin	K,	3.5	mg;	
thiamin,	4.5	mg,	vitamin	B12,	0.06	mg,	pyridoxine,	4.3	mg;	folic	acid,	1.12	
mg;	biotin,	0.06	mg;	Cu,	17.12	mg	as	cupper.	
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(TP), albumin, and globulin were also identified [17]. By 
determining the creatinine and blood urea through the 
colorimetric method, the kidney function was determined 
[17]. The levels of aspartate aminotransferase (AST) and 
alanine aminotransferase (ALT) in the blood were the 
main pointers measuring the liver function.

Statistical analysis

One-way analysis of variance and Duncan’s test were used 
to determine the feeding response of different treatments 
on different parameters through statistical package for 
social sciences -11.5 software [18]. Significance was mea-
sured at a level of 5.0% (p < 0.05).

Results

Chemical constituents, feed intake, and nutrient 
digestibility

The ingredients, chemical properties, feed consumption, 
and digestibility coefficient of Napier silage, locally mixed 
concentrate mixture and moringa feed are shown in Tables 
1–3, respectively. No significant (Table 3; p > 0.05) dif-
ferences were detected for DM intake from Napier silage 
and concentrate mixture among the treatment groups. 
Reducing (p < 0.05) the DM intake per 100 kg body weight 
and increasing the feed efficiency (p < 0.05) were dis-
played only in the T2 group (2.31 kg DM intake/day and 
87.0%, respectively) compared to the T0 group (2.71 kg DM 
intake/day and 65.0%, respectively). With the increase of 
moringa feed in the control diet, no differences (p > 0.05) 
were observed with CP intake (gm/day), DM and CP digest-
ibility of coefficient among the treatment groups. Only the 
T2 group consumed the lowest amount of CP that was 12.6 
gm/kg W0.75 compared to the T0 group (14.1 gm/kg W0.75), 
and their differences were significant (p < 0.05).

Milk production and quality

 Supplementing moringa feed to the control diet, the most 
significant average daily fresh milk production (p < 0.05) 
was noted in the T2 group than that in the other two groups 
(Table 4). Based on 4% FCM, the T2 group produced (p < 
0.05) the highest amount of milk (4.59 kg/day), whereas 
the lowest production of milk was observed in the T0 group 
(3.49 kg/day). However, no significant effect (p > 0.05) was 
detected for adding moringa feed on fat yield (kg/day) 
among the treatments.Moringa feed did not affect (p > 
0.05) the milk constituents among the treatment groups 
(Table 4). However, the percentage of milk fat increased 
and it slightly reduced the protein, lactose, and SNF. The 
milk cholesterol also decreased significantly (from 3.81 
mg/100g milk of T0 to 1.20 mg/100 gm milk of T2, respec-
tively; p < 0.01) by the replacement of locally mixed con-
centrate mixture with moringa feed.

Ruminal fermentation and CH4 production

Feeding T0, T1, and T2 diet did not affect (p > 0.05) rumen 
pH (Table 5). Compared with the T0 group, the concentra-
tion of NH3-N was the lowest (p < 0.05) in the T2 group that 
was 18.1 mg/100m/R. L and 13.4 mg/100m/R. L, respec-
tively. But the T2 group contained the highest concentra-
tion of VFA that was 16.9 meq/100 m/R. L compared to 
the T1 group (14.7 meq/100 m/R. L) or the T0 group (13.4 
meq/100 m/R. L), respectively, and their differences were 
significant (p < 0.05).

Supplementation of moringa feed to the concentrate 
mixture did not have any adverse effect (p > 0.05) on CH4 
production per day (gm/day), CH4 production per kg DM 
intake (gm/kg DMI), and gmCH4/kg milk production. 
However, it reveals that the T2 group emitted the lowest 
amount of CH4 (194.3 gm/day, 34.6 gm/kg DMI and 91.2 
gm CH4/kg milk) compared to the T1 group (204.9 gm/day, 
34.6 gm/kg DMI and 94.5 gmCH4/kg milk) or the T0 group 
(200.1 gm/day, 34.6 gm/kg DMI and 96.8 gmCH4/kg milk), 
respectively.

Dietary nitrogen utilization

Table 6 presents the nitrogen utilization of different exper-
imental diets. A result of N-retention in the T1 group was 
the highest, which was 74.01%, whereas the T0 group 
showed the lowest percentage of N-retention, which was 
68.79%. The total utilization of nitrogen was not differ-
ent (p > 0.05) among the treatment groups. However, the 
results revealed that partial or complete exchange of bal-
ance concentrate mixture by the moringa feed enhanced 
the percentage of dietary N-utilization significantly (p < 
0.05) by nearly 60.0% in T2 group in comparison to the T0 
group.

Table 2.	 Chemical	composition	of	napier	silage,	conventional	con-
centrate	mixture,	and	Moringa	feed.

Parameters Napier silage
Concentrate 

mix.
Moringa feed

DM	(gm/kg	fresh) 182 884 888

OM	(gm/kg	DM) 915 898 901

CP	(gm/kg	DM) 83 165 166

NDF(gm/kg	DM) 671 510 407

ADF	(gm/kg	DM) 455 208 328

TDN	(	%	calculated) - - 58.63

GE	(MJ/kg	DM) - 10.03 10.01

DM,	dry	matter;	OM,	organic	matter;	CP,	crude	protein;	NDF,	neutral	
detergent	fiber;	ADF,	acid	detergent	fiber;	TDN,	total	digestible	nutrient;	GE,	
gross	energy.
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Table 3.	 Intake	and	digestibility	of	feed	nutrient	by	dietary	group	of	BCB-1	dairy	cows.

Parameters
Experimental rations Significance

T0 T1 T2 SEM p-value

DMI	from	Napier	silage	(kg/day) 3.11 3.12 2.93 0.15 0.88

DMI	from	concentrate	(kg/day) 2.67 2.80 2.67 0.05 0.51

TMEI	(MJ/day) 52.1 52.9 49.9 1.97 0.84

FE	(%) 65.00b 62.00b 87.00a 0.04 0.01

DMI	(kg	/100	kg	BW) 2.71a 2.63ab 2.31b 0.06 0.06

CP	intake	(gm/day) 796.5 793.9 778.2 19.37 0.92

CP	intake	(gm/kg)	W0.75) 14.1a 13.5ab 12.6b 0.24 0.03

DM	digestibility	coefficient	 0.51 0.54 0.53 0.01 0.48

CP	digestibility	coefficient 0.70 0.72 0.70 0.00 0.66

SEM,	standard	error	of	the	mean;	DMI,	dry	matter	intake;	TMEI,	total	metabolizable	energy	intake;	FE,	feed	efficiency;	CP,	crude	protein;	DM,	dry	matter;	T0,	
only	concentrate;	T1,	50%	concentrate	+	50%	moringa	feed;	T2,	only	moringa	feed.
a,	b,	cmeans	with	different	superscripts	in	the	same	row	are	significantly	different	(p <	0.05).

Table 4.	 Milk	production	and	its	quality	of	dairy	cows	fed	various	diets.

Parameters
Experimental rations Significance

T0 T1 T2 SEM p-value

Ave.	daily	milk	production(kg) 3.30b	 3.31b	 4.39a	 0.29 0.04

4%	FCM	yield	(kg	d−1) 3.49b	 3.41b	 4.59a	 0.34 0.02

Fat	yield	(kg	d−1) 0.15	 0.14	 0.14	 0.01 0.95

Milk	constituents	(%)

Fat 4.25 4.27 4.33 0.14 0.92

Protein 3.77 3.90 3.77 0.04 0.28

Lactose 5.44 5.64 5.45 0.05 0.21

	SNF 10.38 10.38 10.04 0.10 0.20

Milk	cholesterol	(mg/100	gm) 3.81a 2.48ab 1.20b 0.02 0.01

SEM,	standard	error	of	the	mean;	FCM,	fat	corrected	milk;	SNF,	solid	not	fat;	
T0,	only	concentrate;	T1,	50%	concentrate	+	50%	moringa	feed;	T2,	only	moringa	feed.
a,	b,	c	means	with	different	superscripts	in	the	same	row	are	significantly	different	(p <	0.05).

Table 5.	 Ruminal	fermentation	and	methane	production	of	different	experimental	diets.

Parameters
Experimental rations Significance

T0 T1 T2 SEM p-value

Ph 7.20 7.10 7.10 0.08 0.88

NH3-N	concentration	(mg/100	m/R.L) 18.1a 16.0b 13.4c 0.69 <0.001

VFA	concentration	(meq/100	m/R.L) 13.4c 14.7b 16.9a 0.53 <0.001

Methane	emission

CH4	production	(gm/day) 200.1 204.9 194.3 6.63 0.83

CH4	production	(gm/kg	DMI) 34.6 34.6 34.6 0.01 0.77

gmCH4/kg	milk 96.8 94.5 91.2 3.57 0.84

SEM,	standard	error	of	the	mean;	NH3-N,	ammonia	nitrogen;	VFA,	volatile	fatty	acids;	CH4,	methane;	DMI,	dry	matter	intake;	T0,	only	
concentrate;	T1,	50%	concentrate	+	50%	moringa	feed;	T2,	only	moringa	feed.
a,	b,	c	means	with	different	superscripts	in	the	same	row	are	significantly	different	(p <	0.05).
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Blood biochemical constituents

No effect (p > 0.05) was observed for BS, TP, A, G, BUN, AST, 
ALT, and creatinine of dairy cows among the different treat-
ment groups (Table 7). Moreover, the blood cholesterol of 
the T2 group reduced (p < 0.05) from the control diet (T0), 
which was 111.5 mg/day and 204.5 mg/day, respectively.

Discussion

Moringa feed is the new arena of animal feedstuff that 
contains potent ingredients that are suitable for livestock, 
which improves feed efficiency, yield, and product qual-
ity. The present study reveals that the feed efficiency (%) 
increased significantly only for the moringa group but 
did not show any significant difference of DMI among the 
treatment groups. It is indicated to improve the microbial 
fermentation with feeding moringa feed that is the main 
reason to increase nutrient utilization with low-quality 
roughages [10]. Moringa feed containing phenolic com-
pounds and other metabolites did not show any adverse 
effect on the ruminal environment and microbial activities. 
Similarly, previous studies [6,10,19] have shown that feed-
ing moringa plant materials containing high secondary 
metabolites increased digestibility, maintained an excel-
lent ruminal environment, and ensured good feeding value 
[12],  when 18% of moringa feed was complemented in the 
diet.  

Only the moringa feed group amplified the milk yield by 
4% FCM, which was 31.51% compared to the concentrate 

group (Table 4). The results ascribe the application of M. 
oleifera as a plant material that contains high minerals 
[20] as vital elements for increasing animal production 
and quality [21,22,23].  Protein is a critical component of 
moringa feed that enhances the microbial protein synthe-
sis and also increases ruminal bypass that is essential for 
animal productivity [8,10,19]. 

The replacement of feedstuff by the moringa feed in 
response increases the production and quality of small 
[7,11] and large ruminants [12,23,24]. Adding 25% of M. 
oleifera leaf meal with alfalfa hay containing goat and ewes 
diet is also enhances milk yield, composition, and quality 
[7]. Organoleptic characteristics of milk, including test, 
smell, or color, did not differ by the supplementation of 
moringa feed. The present results made a positive, strong 
bridge with the previous finding. In lactation cows, the 
same results were found to be responsive to increased 
yield and quality [25] compared to cow fed Moringa free 
diet.

The percentage of total utilization of N in the T2 group 
was the highest (59.8%) and the lowest usage of N was 
shown only in the concentrate group (44.5%). Their differ-
ences were significant (p < 0.05). These results confirm the 
previous findings [10,11,23,26,27] that moringa foliage is 
a good source of protein-rich amino acids that can enhance 
the utilization of dietary N and can boost the production 
and productivity of the dairy animal. 

The present study shows that NH3-N concentration in 
only the moringa feed group was the lowest, but their VFA 

Table 6.	 N-utilization	of	production	performance	of	BCB-1	dairy	cows.

Parameters
Experimental rations Significance

T0 T1 T2 SEM p-value

Total	N	intake,	gm 127.4 127.0 124.5 3.10 0.92

Total	N	in	feces 35.3 35.1 37.8 1.50 0.74

N	out	go	through	urine,	gm 28.9 23.8 26.2 1.40 0.37

Total	N-out	go,	gm 64.1 58.6 64.0 2.49 0.66

N-balance 63.3 68.1 60.5 1.93 0.29

Digested-	N 92.2 91.9 86.7 2.19 0.55

N-retention	%	digestion 68.8 74.0 69.8 1.27 0.22

N-retention	%	intake 49.9 53.6 48.8 1.22 0.26

N-out	go	%	total	digested	N 31.2 25.9 30.2 1.27 0.22

N-utilization	for	milk(gm) 19.8 20.4 20.9 1.86 0.26

N-	utilization	for	meat	(gm) 7.71 9.17 11.2 0.77 0.18

N-	utilization	for	scurf	and	hair	(gm) 1.00 1.04 1.09 0.03 0.63

Total	utilization	of	N	(gm) 28.6 30.7 33.2 2.39 0.18

%	of	utilization	of	N 44.5b 51.4ab 59.8a 2.49 0.04

SEM,	standard	error	of	the	mean;	N,	nitrogen;	T0,	only	concentrate;	T1,	50%	concentrate	+	50%	moringa	feed;	T2,	only	moringa	
feed.
a,	b,	c	means	with	different	superscripts	in	the	same	row	are	significantly	different	(p <	0.05).
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Table 7.	 Blood	biochemical	constituents	of	lactating	BCB-1	cows	fed	experimental	rations.

Blood metabolic profile
Experimental rations Significance

T0 T1 T2 SEM p-value

BS	(mg/day) 51.6 55.3 51.1 1.52 0.54

Cholesterol	(mg/day) 204.5b 202.3b 111.5a 21.5 0.01

TP	(gm/day) 7.52 8.21 8.00 0.2 0.30

A	(gm/day) 2.93 3.19 3.31 0.01 0.24

G	(gm/day) 4.61 5.01 4.80 0.21 0.75

A/G	ratio 0.65 0.64 0.69 0.04 0.90

BUN	(mg/day) 64.3 61.8 51.6 3.6 0.36

Liver	and	kidney	function	tests

AST	(U/L) 81.0 88.3 72.6 5.02 0.50

ALT	(U/L) 21.7 21.3 21.3 2.80 0.99

Creatinine	(mg/day) 0.84 0.99 0.96 0.05 0.52

SEM,	standard	error	of	the	mean;	BS,	blood	sugar;	TP,	total	protein;	A,	albumin;	G,	globulin;	BUN,	blood	
urea	nitrogen;	AST,	aspartate	aminotransferase;	ALT,	alanine	aminotransferase;	T0,	only	concentrate;	T1,	50%	
concentrate	+	50%	moringa	feed;	T2,	only	moringa	feed.
a,	b,	c	means	with	different	superscripts	in	the	same	row	are	significantly	different	(p <	0.05).

Figure 1. Moringa feed impact on milk production (kg/day) and weight gain (gm/day). The 
relationship between the percentage of moringa feed intake with milk yield (kg) and average 
daily live weight gain (gm) is shown in Figure 1. A feeding trial of 75 days showed that the 
average daily milk production (kg) and daily weight gain (gm) of cows increased linearly (r2 = 1, 
p < 0.01) with the increase of moringa feed in the concentrate mixture. It also showed that the 
moringa feed directly effects milk production and live weight gain.
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concentration was the highest, which further indicated the 
maintenance of ruminal fermentation. Supplementation of 
M. oleifera decreased the ammonia-N concentration with-
out affecting the ruminal pH and increased the propionic 
acid concentration [6,7], which is supported by the present 
study. Moreover, a lower ruminal NH3-N and a higher VFA of 
only moringa feed containing ration indicated an increase 
in the utilization of dietary N (Table 6) and also improved 
the synchrony between the dietary energy and protein 
compared to only concentrate diet. These results are sup-
ported by the previous findings [28], which declared that 
moringa supplementation with low ruminal NH3-N is rec-
ognized for its low protein degradability.

The feed characterizations (quality and quantity) may 
change the blood metabolites [29]. The status of the liver 
determined the AST and ALT in the blood, and the blood 
creatinine is a good indicator of the kidney function [30] 
in cattle. The levels of BS, TP, A, G, BUN, AST, and ALT did 
not have any adverse effect on animal health  (p > 0.05) by 
feeding of moringa feed.

The standard value of BS in dairy cows (45.0–75.0 mg/
day) was supported by the moringa feed [31] that falls 
within the normal physiological range. This indicates that 
the animals were fed a sufficient amount of carbohydrates 
in the diet. The standard values of cholesterol and TP of 
healthy cattle were 65–220 mg/day and 5.7–8.1 gm/day, 
respectively. Supplementation of moringa feed did not 
affect the range of standard values of cholesterol and TP; 
no change was indicated in the lipid profile of the animals. 
Only the moringa feed group directly impacted the cho-
lesterol level in the blood that decreased by nearly 50% 
compared to the concentrate group (Table 7). Moringa feed 
may contain phenolic compounds that might be related to 
reducing cholesterol. Similar results have reported that 
the serum cholesterol and triglycerides concentration in 
blood decreased [5,11,26] when the animal fed M. oleif-
era containing diet. The cholesterol in cows was lowered 
to 17.60% when the animal were fed moringa as a green 
fodder [10]. The standard value of creatinine in cattle has 
to be 1–2 mg/day [31]. The research work was reveals that 
moringa feed did not have any adverse effect on kidney 
function.

Conclusion

The results so far generated through this study reveal 
that, based on the nutrient intake, digestibility, nutrient 
utilization, reduction of enteric CH4 emission, and rumen 
fermentation, only the moringa feed group increased both 
milk production and daily gain of cows and at the same 
time reduced the cholesterol level in the milk. It may also 
be able to replace the whole concentrate in the diet. In 
conclusion, milk production needs to be tested further at 

the farmer level in order to determine the importance of 
moringa feed as animal feed, its cost-effectiveness, and the 
testing of marketing systems.
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