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Abstract
Moringa oleifera leaf was investigated for nutritional quality, presence of tannins and its activity using
polyethyelene glycol (PEG) and in vitro study of protein degradation in the rumen. The antibiotic growth
promoter (AGP), Monensin was used as an external control to compare with the degradation of Moringa
leaves. The different forms of tannin content in Moringa leaves were very negligible. Total phenol, total
tannin, condensed tannin and hydrolysable tannin contents of Moringa leaves were 3.92±0.42,
1.19±0.14, 0.57±0.06 and 0.07±0.02 mg/g, respectively. The in vitro gas production, organic matter
digestibility (OMD%) and metabolizable energy (ME) content of Moringa leaves were 54.39 ml, 77.44%
and 11.14 MJ/kgDM, respectively. There were no significant differences in gas production, in vitro
OMD% and ME content in the presence of tannin binding agent PEG. These results indicated that the
different forms of tannin present in Moringa leaves are not active tannins, therefore, feeding Moringa
leaves are safe for the ruminant animals. The kinetic study of in vitro gas production with Moringa leaves
and Monensin showed almost similar results and there was no significant difference among them but
higher values were found in the control indicated that Moringa leaves have the ability to inhibit the
breakdown of protein in the rumen as of Monensin. On the contrary, soluble protein concentration was
increased 182% with the addition of Moringa leaves compared to control and the values were almost
close (213%) with Monensin during the 12h incubation period. The pellet protein concentration was also
increased (119%) with Moringa leaves and Monensin (115%) compared to control although there was no
significant difference between them. Therefore, it can be concluded from the present findings that
feeding Moringa leaves appeared to be an alternative source of protein and are safe for ruminant
animals. Moringa leaves have been shown to alter favorably ruminal protein fermentation characteristics
thus spare protein by a decreased breakdown/deamination of protein/amino acids that functions as of
Monensin.
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Introduction

One of the impacts of ionophores, such as

The efficient utilization of dietary protein is a key

monensin, lasalocid, laidlomycin, salinomycin and

issue of ruminant nutrition in intensive production
systems. In the rumen, 70-80% of the protein is
degraded

via

peptides

and

amino

acids

to

ammonia and fatty acids (Barry and McNabb
1999). To sustain productivity, especially high

narasin,

common

antibiotic

growth

promoter

(AGP) in ruminant rations, has been shown to
alter favorably ruminal fermentation characteristics and metabolism in the rumen (Newbold et al.
1988; Russell et al. 1991), thus spare protein by

yielding dairy cows need further amount of by-

a decreased de-amination of amino acids (Yang

pass protein that can be hydrolysed and absorbed

and Russel 1993).

post-ruminally (Santos et al. 1998). Thus, the
proportion of by-pass protein constitutes one of
the

major

factors

of

feed

nitrogen

value

(Michelet-Doreau and Ould-Bah 1992).

production
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already

been

criticized

and

banned by the European Union from 2006, as
they may leave harmful residues in the food
chain and promote the spreading of resistance
genes

*

have

AGP used for milk and meat

(Hoffmann

et

al.

2003).

Livestock
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producers need alternative means of obtaining

butanol-HCl reagent in presence of iron and

similar

maintain

gallotannins was determined by hydrolysis of

profitability and competitiveness against overseas

gallotannins to gallic acid with rhodanine. Both

producers,

the

production

benefits

including

the

to

US,

where

such

restrictions do not exist.

total

expressed

phenols
as

and

tannic

total

acid

tannins

were

equivalent.

The

condensed tannin and gallotannin (hydrolizable
The Moringa oleifera is a multipurpose fast-

tannins)

growing tree and is high in protein and rich in

equivalent

vitamins and minerals can be a good source as an

respectively. The above analyses were conducted

alternative feed (Amin 2011) for increasing milk

according to laboratory manual of quantification

and meat production of ruminants. There is lack

of tannins in tree foliage (Makkar 2000).

were
and

expressed

as

lecucyanidin

gallic

acid

equivalent,

of information of Moringa leaves on the antinutritional content and its quality, degradation

Series of experiments were carried out to study

pattern

the

the effect of tannins on rumen fermentation using

post-

hay and hay-starch as standard. In this study,

rumen

specially

protein

and the

degradation

availability

of

in

protein

be

sun dried leaf samples of Moringa leaves was

directed in these areas, which are likely to have

used. The method, in principle, was based on the

immense nutritional and ecological significance,

in vitro gas production technique described by

and feeding strategies need to be designed to

Menke et al. (1979) and Menke and Steingass

explore the benefits. As far as we are aware,

(1988).

ruminally.

Investigations

are

needed

to

there is no information on the tannin content of
Moringa leaves from Bangladeshi origin and their
effects on the fermentation pattern in the rumen.
Therefore, the present experiment was conducted
to investigate nutritive value, presence of tannin and
its activity using polyethylene glycol (PEG), rumen
fermentation

patterns

and

kinetic

study

particularly the nature of protein degradation in
the rumen with Moringa leaves.

The organic matter digestibility (OMD %) and
metabolizable energy (ME) content (MJ/kg DM)
were calculated from the gas volume (Gv) and
crude protein value (CP %) using the following
equations (Menke and Steingass 1988).
% OMD = 14.88 + 0.889 x Gv + 0.45 x % CP
and
ME = 2.20 + 0.136 x Gv + 0.057 x % CP

Materials and Methods

For the determination of soluble and pellet

The study was conducted in the Department of

protein, in vitro gas production technique was

Animal

Science,

University,

Bangladesh

Mymensingh.

Agricultural

Freshly

flushed

representative samples of Moringa leaves were

carried out. The substrate is composed of straw
(6 mg/ml), soybean meal (5 mg/ml) and M.
oleifera ground leaves (9 mg/ml). Monensin (3

collected from different areas of Bangladesh

µM) served as an external control. The samples

Agricultural University campus area of Mymensingh

(360 mg) were taken into the glass bottles and

district, Bangladesh, dried in the oven at 300C and
kept

in

Samples

polythene
were

bag

ground

for
in

further

analysis.

grinding

machine

(CYCLOTEC 1993 Sample mill Tecator, Sweden)
at 0.5 mm sieve for tannin analysis and in vitro
study. The ground samples were bottled covered
with aluminum foil and kept in desiccators.
Total phenols was estimated by Folion Ciocalteu
reagent method and total tannin was determined
by subtracting the values of polyvinyl pyrrolidone
(PVPP)

bind

tannins

from

total

phenols.

Condensed tannin was determined by oxidation in

40ml of rumen liquor was taken in each bottle for
incubation at 390C. One ml sample was collected
for the analyses of protein degradation kinetics at
1, 3, 6, 9 and 12 h intervals. The samples were
centrifuged at 15,000rpm for 15 min at 4°C for
the separation of the soluble and pellet fractions.
Both soluble and pellet fractions were boiled at
1000C

for

5

minutes,

centrifuged

again

at

15000rpm for 15 minutes, collected supernatents
and pellets to determine soluble and pellet
protein according to method of Lowry et al.
(1951). Statistical analysis of the data obtained
from the study was analyzed to interpret in a
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comprehensive

way.

analyzed

the

with

The
help

collected
of

SPSS

data

was

and

SAS

computer package.

total

phenol

(TP),

total

increase gas production as well as the utilization
of tannin-rich foliages.
The

Results and Discussions
The

and the addition of tannin-binding agent PEG can

amount

of

organic

matter

digestibility

(OMD%) and metabolizable energy (ME) content

tannin

(TT),

with and without PEG are shown in Table 2. There

condensed tannin (CT) and hydrolysable tannin

were

no

significant

differences

between

the

(HT) contents of Moringa leaves are presented in

OMD% and ME content of Moringa leaves with

Table 1. The different forms of tannin in Moringa

and without PEG, although, the addition of PEG

leaves were found to be negligible. Tannin levels

resulted in increase of OMD% and ME content by

in plants are known to vary greatly between

only 2% and 7.5%, respectively. The nutritive

species, within species, stage of development,

value of organic matter fed to ruminants is

between various tissues of the same plant, from

influenced substantially by the protein content of

location to location and from year to year

the foliages and by the extent to which it is

(Mehansho et al. 1987). A study done by Gupta

degraded in the rumen. Formation of PEG-tannin

et al. (1989) showed that the unextracted leaves

complexes could effect on in vitro OMD% of

of M. oleifera contained 2.7 % TP, negligible

tanniniferous foliages by reducing microbial effect

amounts

not

on organic matter and its digestibility (Palmer

detectable. In the extracted leaves, no TT was

and Jones, 1999). In the present experiment, the

detected and the content of TP was very low (1.6

OMD% and the ME content were not increased

%). At this concentration, these simple phenols

significantly. The present study further validated

do not produce any adverse effects when eaten

the finding that the addition of PEG if added to

by the animals. In the present research, TP and

inactive tannins may not increase OMD% and ME

TT concentration were found lower than the

content if the tannin concentration is low or not

values of Gupta et al. (1989).

active. There is an inverse relationship between

of

TT

(1.4

%)

and

CT

was

the contents of tannins, gas production and
Table 1. Different forms of tannin content of
Moringa oleifera leaves

metabolizable
Stafford

Different form of tannins

Tannin contents (mg/g)

Total phenolics (TP)
Total tannin (TT)
Condensed tannin (CT)
Hidrolizable tannin (HT)

3.92±0.42
1.19±0.14
0.57±0.06
0.07±0.02

energy

1993).

It

content
was

(Waghorn

revealed

that

and
low

concentration of tannins has led to high gas
volume and consequently ME content in foliages
(Makkar et al. 1995). The result of the present
study fully agreed with the finding of Makkar et
al. (1995) and Kabir et al. (2004).

The amount of gas produced up to 24h of

Table 2. Effect of PEG on in vitro gas production,

incubation of Moringa leaves in vitro with and

organic matter digestibility (OMD%) and

without PEG is presented in Table 2. Addition of

ME content of Moringa oleifera leaves.

PEG tended to increase gas production by 2.5%
and the value was not significant. Usually, the
increase in gas production by the addition of PEG
was achieved by inhibiting the action of tannin on
digestion in the rumen and resulted in increased
microbial fermentation (Makkar and Becker 1996)
but in the present experiment, there was slight
increase in gas production but not significant.
Higher the biological activity of tannins on rumen
microbes, lower is the gas production (Makkar et
al. 1995, Mangan 1988). So it is suggested from
the

gas

production

values

that

the tannins

present in Moringa leaves are not active tannin
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Samples
Leaf (-PEG)
Leaf (+PEG)
Sig. level

IGP (ml)
54.39
55.78
NS

Increase OMD Increase ME (MJ/ Increase
(%)
(%)
(%) kg DM)
(%)
2.5%

77.44
78.98
NS

2%

11.14
12.25
NS

7.5%

PGE, polyethyelene glycol; IGP, In vitro gas production

The amount of cumulative gas produced in
Moringa leaves and Monensin as % of control
during 12h of incubation is presented in Figure 1.
The gas production in control was always higher
than with Moringa leaves and Monensin. The in
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vitro gas production kinetics with Moringa leaves

The amount of pellet protein (PP) concentration in

and Monensin showed almost similar trend but

Moringa leaves and Monensin as % of control

higher values were found in the control indicated

during 12 h incubation is presented in Figure 3.

that Moringa leaves have the ability to inhibit the

The PP concentration was always higher in

breakdown

Moringa leaves than Monensin and control and

of

protein

in

the

rumen

as

of

Monensin.

the trend being almost similar between Moringa
and Monensin during 12 h of incubation. The PP
concentration was increased 119% with the
addition of Moringa leaves compared to control
and the value was almost close (115%) with
Monensin during 12h incubation indicated that
Moringa

leaf

concentration

was
in

able

to

in

the

vitro

increase
rumen

PP

as

of

Monensin.

Figure 1. Cumulative in vitro gas production kinetics of Moringa
leaves
The amount of soluble protein (SP) produced in
Moringa leaves and Monensin as % of control
during 12h of incubation is presented in Figure 2.
The SP concentration with Monensin was always
higher than Moringa leaves and control and the
trend being almost similar between Moringa and
Monensin

during

12h

incubation.

The

SP

concentration was increased 182% with the
addition of Moringa leaves compared to control
and the value was almost close (213%) with
Monensin during 12h incubation indicated that
Moringa leaf was able to increase soluble protein
concentration

in

vitro

in

the

rumen

as

of

Monensin.

Figure 3. Cumulative pellet protein concentration kinetics of Moringa
leaves
It is an accepted concept in ruminant nutrition to
maximize substrate fixation into microbial cells to
increase
synthesis

the

efficiency

and

of

decrease

microbial

protein

in

protein

the

degradability of feed protein in the rumen as they
increase the supply of protein to the lower
intestine for production purpose, resulting in
higher milk, meat and wool and also reduce
methane

and

CO 2

production

and

nitrogen

excretion to the environment, thereby reducing
emission

of

environmental

pollution

(Beever

1993; Leng 1993; Van Soest 1994). Peptide and
amino acid accumulation would be expected to be
beneficial, firstly because rumen microorganisms
would be able to assimilate preformed amino
acids,

saving

the

energy

required

for

their

biosynthesis and secondly because some of these
Figure 2. Cumulative soluble protein concentration kinetics of
Moringa leaves

compounds may escape undegraded from the
rumen and be utilized by the host (Wallace
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1994). The inhibition of amino acid degradation in

nutritional factors in conventional and non-

the

conventional

rumen

is

an

obvious

objective

for

manipulation. Even if the amino acids were not to

leafy

vegetables.

Food

Chemistry, 31: 105-116.

pass undegraded from the rumen, if they were to

Hofmann EM, Muetzel S, Becker K (2003). Effects

be incorporated directly into microbial protein

of Moringa oleifera seed extract on rumen

instead of being degraded to ammonia and then

fermentation in vitro. Archives of Animal

resynthesized, the energy cost of resynthesis

Nutrition, 57: 65-81.

acid

Kabir AKMA, Alam MR, Amin MR (2004). Effect of

breakdown may be nutritionally expensive not

tannins on organic matter digestibility and

only because amino acids are lost, but also

metabolizable

because of the high energetic costs of their

leguminous leaves. Progressive Agriculture,

would

be

saved.

Therefore,

amino

breakdown. It can be predicted from the present

energy

content

in

three

15: 53-59.

findings that Moringa leaf may have similar

Leng RA (1993). Quantitative ruminant nutrition-

properties to accumulate SP and PP in the rumen

A green science, Australian Journal of

as of Monensin and there is a possibility to use
this leaf extract as growth promoting agent like

Agricultural Research, 44: 363-380.
Lowry OH, Rosenbrough NJ, Farr A. Randall RJ

ionophore but need further investigation for

(1951).

confirmation and recommendation.

Folin phenol reagent. Journal of Biological

that feeding Moringa leaves appear to be an
alternative source of protein and are safe for
ruminant animals. The Moringa leaves have been
alter

favorably

ruminal

protein

fermentation characteristics thus spare protein by
a decreased breakdown/deamination of protein/
amino acids that functions as of Monensin need
further investigation for confirmation.
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