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Present study was conducted for nutritional evaluation of indigenous plants like Reetha
(Sapindus mukoressi), Shikakai (Acacia concinna), Mahua cake (Madhuca indica), Albizia
leaves (Albizia lebbeck) and Yucca (Yucca schidigera) leaves, stem and roots and
quantification of total saponins in plant extracts. Ground samples were analyzed for
proximate principles, viz., dry matter (DM), organic matter (OM), crude protein (CP),
ether extract (EE) and total ash (TA). Among all extracts the organic matter content in
Yucca roots (98.42%) was highest whereas in Albizia leaves it was lowest (88.14%). The
CP content of Albizia leaves was higher (19.15%) followed by Mahua cake (16.96%) than
those of other plant materials. But, EE content of Mahua cake (6.93%) was higher than in
Albizia leaves (3.98%). Total saponins content of Reetha, Shikakai, Mahua cake and
Albizia leaves were found to be 8.74, 11.79, 7.34 and 3.75%, respectively. Total saponins
content in various parts of Yucca plant i.e. leaves, root and stem was found to be 3.74, 4.02
and 2.80 %, respectively. Nitrogen content (mg/ml) in plant extract of Reetha, Shikakai,
Mahua cake, Albizia leaves and Yucca root was found to be 2.59, 1.96, 0.98, 1.33 and
1.68, respectively. Thus it can be concluded that these indigenous plants extracts rich in
saponins and can be employed to modify rumen microbial fermentation.

Introduction
Manipulation of rumen microbial ecosystem
for enhancing the digestibility of fibrous feeds
and nitrogen utilization and reducing methane
emission in ruminants to improve their
performance are some of the most important
goals for animal nutritionists; as sizeable
losses take place during the digestion of
dietary carbohydrates and proteins. Natural
antimicrobials such as plant extracts are
generally considered as safe for human
consumption (FDA, 2004) and these can be

employed to modify rumen microbial
fermentation. The extracts of leaves, fruits or
roots of various plants are traditionally used
as medicine and food-preservation in India
since ages and these have been recognized as
having antimicrobial and anti-methanogenic
properties (Davidson and Naidu, 2000;
Alexander, 2005; Malik, 2007) due to the
presence of plant secondary metabolites such
as saponins, terpenoids, phenylpropanoids,
tannins etc. Many researchers have
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demonstrated the potential of plant extracts in
modification of rumen microbial fermentation
but concluded that the doses used may have
not been adequate (Cardozo et al., 2004;
Busquet et al., 2005). The tropical plants
containing saponins have been found to
inhibit ruminal protozoa, increase duodenal
protein flow, reduce methane and ammonia
production (Kamra et al., 2000; Sliwinski et
al., 2002; Lila et al., 2003; Malik, 2007, Patra
and Saxena, 2009b) thereby increasing
productivity of the ruminants. However,
effectiveness of plants or plant extracts
having high content of saponins depends upon
the source, type and quantity of secondary
metabolites present in it.

Institute, Karnal and its different fractions i.e.
leaves, stem and roots were separated and
each fraction was thereafter dried in the oven.

Hence, it becomes important to explore the
potential of various plant extracts for their
antiprotozoal and antimethanogenic properties
by estimating total saponins present in them.
Information about the nutritional composition
of various indigenous plants which are in
abundance in India is scanty, and knowledge
regarding the level of saponins present in
them is also inadequate. Therefore, the
present study was undertaken to explore the
nutrient contents of different indigenous plant
materials which are rich in saponins and
furthermore, to determine the amount of total
saponins present in them.

Preparation of plant extract

Materials and Methods
Collection of the plant or herbal materials
Samples of the Reetha and Shikakai pods
were purchased from the local market and
their pulp was separated from the seed(s) and
dried in a hot air oven. Mahua cake was
purchased from an authentic supplier of nonconventional oil-cakes. Leaves of Albizia
were collected from a tree and dried first
under sunlight and then in oven. Whole
Yucca plant, including its roots, was collected
from the nursery of National Dairy Research

Preparation of the plant materials
The samples of plant materials used in the
study were ground (1mm) using a Willey
Mill. Ground samples were analyzed for
proximate principles, viz., dry matter (DM),
organic matter (OM), crude protein (CP),
ether extract (EE) and total ash (TA) as per
standard procedures of Association of Official
Analytical Chemists (AOAC,1995). All the
samples were also analyzed for the cell-wall
components as per Van Soest et al., (1985).

Plant extract of different samples were
prepared and analyzed for the total saponins
content as per the method given by Dr. S. B.
Mahato, Institute of Chemical Biology,
Kolkata.
Finely ground sample (50gm) was taken into
a 1000 ml flask and 500 ml of 50% methanol
was added. The flask was kept on a magnetic
stirrer for 6-7 hours, followed by centrifuging
the contents at 3000g for 10 min. at 4ºC and
supernatant was collected. Extraction process
was repeated with the same solvent by
constant stirring with a magnetic stirrer. After
centrifugation, both the supernatants were
combined. Methanol was evaporated from the
solution under in vacuo condition using a
rota-evaporator.
Aqueous
phase
was
centrifuged again at 3000g for 10 min. at 4℃
to remove the water insoluble materials.
Aqueous phase was transferred in to a
separating funnel and extracted with equal
volume of chloroform (3 times) for the
removal of pigments. Finally concentrated
saponins in the aqueous solution (10 ml) were
extracted with equal volume of n-butanol (2
times). The solvent, n-butanol was evaporated
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under in vacuo condition with a temperature
not higher than 45℃. Dissolved the dried
saponins in 5-10 ml of distilled water and
transferred the solution into a separate preweighed container. The fractions were freeze
dried and percent recovery (yield) of crude
saponins extract was calculated.
Estimation of total saponins
For estimation of total saponins content in
different
plant
materials,
method
recommended by Hiai et al., (1976) was
followed.

water bath. Absorbance was measured at 544
nm using spectrophotometer (Varian, model
Cary 1) against the reagent blank and
prepared the standards curve.
Determination of samples
Dissolved known amount of extracted
saponins residues in 80% methanol. From
this, an aliquot of 0.25 µl was taken from each
sample and determination was carried out as
for the standard saponins.
Results and Discussion

Reagents

Chemical composition of plant materials

Vanillin reagent (8%, w/v): Vanillin (800 mg)
was dissolved in 10 ml of 99.0 % ethanol
(analytical grade)

The proximate compositions and cell wall
fractions of different plant materials (on %
DM basis) used during in vitro study have
been presented in table 1.

72% (v/v) sulphuric acid: 72 ml of sulphuric
acid (analytical grade, 95%, w/w) was added
to 28 ml of distilled water
Standard saponins solution
50 mg Quillaja saponins (Sigma-Aldrich) was
dissolved in 80 ml of methanol and 20 ml
water was added to it. The final concentration
of saponins in the solution was 0.5 mg/ml of
80% methanol. Pipetting was done
immediately.
Preparation of standard curve
Saponin quantity varied in the range of 0 -125
µg dissolved in 0.25 µl of 80% methanol were
taken in different test tubes to which 0.5 ml of
vanillin reagent was added. Tubes were
placed in ice-cold water bath and 2.5 ml of
sulphuric acid was added slowly on the inner
side of the wall. After mixing the content in
each tube, these were left as such for 3 min.
Warmed the tubes to 60°C for 10 min using a
water bath and then cooled them in ice-cold

The organic matter content in Yucca roots
(98.42%) was highest whereas in Albizia
leaves it was lowest (88.14%). The organic
matter content in all other plant materials such
as Reetha powder (96.06%), Shikakai powder
(95.62%) and Mahua cake (94.42%) was
almost similar (Figs. 1-6). The CP content of
Reetha, Shikakai, Mahua cake, Albizia leaves
and Yucca roots was 3.13, 5.28, 16.96, 19.15
and 4.20 per cent, respectively, which showed
that the Mahua cake and Albizia leaves were
having higher CP content than those of other
plant materials. Reetha was having lowest CP
content. Similarly, EE content of Mahua cake
(6.93%) was higher than in Albizia leaves
(3.98%). Other plant materials under
investigation were containing negligible EE
content. Similar CP and EE content in Mahua
cake was reported by Chahil et al., (1987).
Total carbohydrate content of the plant
materials under study followed the reverse
trend of their EE content. The NDF content in
these plant materials varied in a narrow range
except that of Albizia leaves, which was
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having highest NDF content (41.44%), which
may be attributed to the maturity stage of the
leaves as these were collected during the
month of January and the new leaves
appeared in the month of March. Though the
Reetha powder, Shikakai powder and Yucca
roots were having high carbohydrates content,
but their NDF content was fairly low, which
showed that these plant materials were rich in
soluble carbohydrates. Hemi-cellulose content
in Shikakai was lowest (3.42%), while it was
highest in Albizia leaves (11.83%). Babayemi
et al., (2004) reported that OM, CP, NDF and
EE in Albizia leaves ranged between 94.6 –
97.0%, 24.8- 38.2 %, 22.1- 46.9 % and 2.017.0 %, respectively, and the present values
were well in the given range.
Yield of plant extracts
Yield of plant extracts from various plant
materials (% DM basis) is depicted on table 2.

Yield of plant extracts after freeze-drying for
Reetha, Shikakai, Mahua cake, Albizia leaves
and Yucca leaves, root and stem was found to
be 16.05, 16.04, 11.37, 8.18, 8.77, 6.28 and
10.09 per cent, respectively(on % DM basis).
Alexander (2005) reported that the plant
extract yield (% DM) of 25 medicinal plants
on extraction with aqueous, 50% aqueous
methanol and 50% aqueous acetone varied
between plants and also between different
solvents. Highest yield was observed for
aqueous acetone extract of E. officinalis fruit
(54.10%) while it was lowest in B. aristata
root aqueous extract (2.72%).
Total saponins content of plant materials
Total saponins content of Reetha, Shikakai,
Mahua cake, Albizia leaves and different
fractions of Yucca plant such as leaves, stem
and roots on % DM basis have been presented
in table 3.

Table.1 Chemical composition of plant materials (% DM basis)
Attributes
OM
CP
EE
TCHO
TA
NDF
ADF
Hemicellulose

Reetha
(R)
96.06
3.13
0.97
91.96
3.94
16.84
9.41
7.43

Shikakai
(S)
95.62
5.28
0.56
90.34
4.38
17.08
13.66
3.42

Mahua
cake (M)
94.42
16.96
6.93
70.53
5.58
21.49
12.95
8.54

Albizia
leaves (A)
88.14
19.14
3.98
65.02
11.86
41.44
29.61
11.83

Yucca root
(Y)
98.42
4.20
0.82
93.40
1.58
23.34
18.63
4.71

Table.2 Yield of plant extracts from various plant materials (% DM basis)
Name
Reetha
Shikakai
Mahua cake
Siris
Yucca
Yucca
Yucca

Scientific name
Sapindus mukoressi
Acacia concinna
Madhuca indica
Albizia lebbek
Yucca schidigera
Yucca schidigera
Yucca schidigera

Plant part
Pulp
Pulp
Cake
Leaves
Leaves
Root
Stem

1371

Yield (% DM basis)
16.055
16.04
11.37
8.18
8.77
6.28
10.09
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Table.3 Total Saponins content in plant extracts of different plant materials
Name
Reetha (R)
Shikakai (S)
Mahua cake (M)
Albizia Leaves (A)
Yucca leaves
Yucca root (Y)
Yucca stem

Total saponins (%DM Basis)
8.74
11.79
7.34
3.75
3.74
4.02
2.80

N content (mg/ml)
1.59
1.96
0.98
1.33
1.68
-

Table.4 Volume of plant extracts (µl) used to achieve different levels of saponins in substrate
Plant extract

2% level

4% level

Reetha (R)

230

460

Shikakai (S)

170

340

Mahua cake (M)

270

540

Albizia leaves (A)

530

1060

Yucca root (Y)

500

1000

Fig.1 Mahua (Madhuca indica) cake
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Fig.2 Shikakai (Acacia concinna) pulp and pods

Fig.3 Reetha (Sapindus mukoressi) pulp and pods
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Fig.4 Yucca (Yucca schidigera) whole plant

Fig.5 Yucca (Yucca schidigera) root
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Fig.6 Siris (Albizia lebbek) leaves

Total saponins content of Reetha, Shikakai,
Mahua cake and Albizia leaves were found to
be 8.74, 11.79, 7.34 and 3.75%, respectively.
Total saponins content in various parts of
Yucca plant i.e. leaves, root and stem was
found to be 3.74, 4.02 and 2.80 %,
respectively. It is evident from the given data
that root was having maximum saponins
content, whereas in the stem it was least.
Total saponins content was found to be
maximum in Shikakai (11.79%) followed by
Reetha (8.74%) whereas minimum was found
in Yucca stem (2.80%). Saponins content of
Reetha and Shikakai were estimated to be
4.51and 3.71%, respectively by Malik (2007).
Nitrogen content of plant extracts
Nitrogen content (mg/ml) in plant extract of
Reetha, Shikakai, Mahua cake, Albizia leaves
and Yucca root was found to be 2.59, 1.96,

0.98, 1.33 and 1.68, respectively. It was
evident from the given data that Reetha was
having the maximum amount of soluble
nitrogen followed by Shikakai, whereas
Mahua cake is having the least amount of
soluble nitrogen content.
To achieve the saponins level at 2 and 4
percent of total mixed ration during in vitro
study, the plant extracts were added to the
ration and the quantity of each plant extract
has been presented in table 4.
On the basis of present study on the
determination of proximate principles of
Reetha, Shikakai, Mahua cake, Albizia leaves
and Yucca roots, stem and leaves and
quantification of total saponins in them, it was
concluded that total saponins content was
highest in shikakai powder (11.79%) followed
by Reetha powder (8.74%) and lowest in
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Yucca stem (2.80%). The organic matter
content in Yucca roots was highest whereas in
Albizia leaves it was lowest as 98.42 and
88.14 percent, respectively. The NDF content
in these plant materials varied in a narrow
range except in Albizia leaves, which was
having highest NDF content (41.44%). Thus
based on the above findings it can be said that
these indigenous plants extracts rich in
saponins and can be employed to modify
rumen microbial fermentation.
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