PJN

ISSN 1680-5194

PAKISTAN JOURNAL OF

UTRITION

ANS|zez

308 Lasani Town, Sargodha Road, Faisalabad - Pakistan
Mob: +92 300 3008585, Fax: +92 41 8815544
E-mail: editorpjn@gmail.com




Pakistan Journal of Nutrition 13 (9): 546-553, 2014
ISSN 1680-5194
© Asian Network for Scientific Information, 2014

Isolation and Biochemical Analysis of Leaf Protein Concentrates
from the Leaves of Shorea robusta

Suman Singh', V.K. Varshney', Nitin Wahi? and Lutful Haque Khan'
'Department of Chemistry, Forest Research Institute, Dehradun-248008, India
GLA University, Mathura-281001, U.P., India

Abstract: Shortage of supply of good quality protein for meeting the requirements of increasing animal and
human population has necessitated search for additional sources. Leaf protein concentrate (LPC), a
concentrated form of proteins derived from the foliage of plants, is an inexpensive and most abundant source
of available protein. Their protein value equals that of most animal products. Trees have been suggested
as a potential source of LPC and the production of protein from tree leaves is advantageous over crops as
they do not involve the recurring cost of cultivation. Shorea robusta is planted on large scale in India. The
potential of its leaves as protein source has not been investigated. The present communication describes
the isolation of LPCs, mineral elements from the leaves of Shorea robusta and its chemical evaluation.
Fresh and matured leaves of Shorea robusta yield fairly good amount of LPC (5.96 g) per 100 g leaves. It was
also found to contain very high amount of ash (9.24%), which consisted of calcium, Iron, Phosphorus,
Potassium, Sulphur micronutriets. Comparing all the biochemical analysis, the LPCs recovered from Shorea
robusta shows fairly good amount of protein-37.25%, fat-7.41%, nitrogen free extract-37.85%, total
carbohydrates-45.5%, total soluble sugar-1.94% along with low amount of anti-nutritional factors such as
total phenolics and total saponins. Thus it was inferred that the leaves of the Shorea robusta have potential
for its use in production of LPCs. However, detailed studies regarding minerals, vitamins, in-vifro digestibility,
toxicity testing and amino acid compositions are needed to be carried out to standardize the use of leaves

as a source of LPCs.
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INTRODUCTION

A large section of the population of the under developing
countries live under substandard conditions, including
nutritionally inadequate diets (Maforah, 1994). In a
survey conducted by the food security Index among
South Asian countries, India ranked 6%th, Pakistan
ranked 77th, Sri Lanka 60th, Bangladesh 88th, Nepal
85th and Myanmar 86th (Dupont, 2014). In availability of
food India was ahead of other South Asian countries
while in the matter of quality of food consumed, Pakistan
was ahead of these countries. India ranked even below
Myanmar and Sri Lanka. India stood very low on the
basis of essential amino acid present within the food
stuff. In India, today protein deficiency has led to
malnutrition and cases of kwashiorkor and marasmus
are on an increase (Ahmed et a/., 2008). The available
food supplies are not sufficient to meet the demand of
the ever growing population. The widening gap between
the supply and demand can only be bridged by
increasing the production of focd and by supplementing
the existing resources with novel foodstuffs (Brunger,
2007). So, research interest has been focused on such
food sources which are cosmopolitan available, so
easily procured and should posses least toxicity

problem. The most important among all these food stuff
that possess all the above characteristics are the
different leaf meals which could serve as a potential
protein sources in animal feeds.

The production of protein focd from tree leaves appears
to have a unique advantage as they do not involve
recurring cost of cultivation (Pirie, 1966; Tangka, 2003}
as in the case of agricultural crops. However, the trees
have not yet been sufficiently studied, with respect to
their leaf protein production. Leaf protein concentrate
(LPC) is a concentrated form of the proteins found in the
leaves of plants. It has been examined as a human or
animal food source, because it is potentially the
cheapest and most abundant source of available
protein. Leaf protein is a good source of amino acids,
with methionine being a limiting factor (Wallace et af,
1998). Nutritionists in different part of the world are
investigating the possibilities of supplementing diet with
novel source of protein. One such source is Leaf protein
concentrate. Value of leaf protein concentrates lies in
between that of soybean and milk (Belitz ef a/, 2009).
Exhaustive study on plant leaf protein concentrate (LPS)
has been undergone at the University of Wisconsin,
Madison, where several Biochemists, agronomists,
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nutritionist were involved and significant results were
published (Dale, 1974; Russel et a/., 1974; Koegel and
Bruhn, 1972; Stahmann, 1968). The product is green
and presents no palatability problems when included in
mixed feeds. The present investigation was therefore,
undertaken to find out the extractability and chemical
composition of leaf protein from Shorea robusta and
findings are reported herein.

The tree has been described in ‘Charaka Samhita’ as
well as in ‘Vedanasthapana Mahakashya the
therapeutic potential of its leaves has been described in
Susruta Samhita (Adlakha ef af,, 2013).

Taxonomic classification:

Kingdom : Plantae

Unranked : Angiosperms
Unranked : Eudicots
Unranked : Rosids

Order © Malvales

Family Dipterocarpaceae
Genus Shorea

Species Robusta
MATERIALS AND METHODS

In plants there are two types of Phytochemical
compound which are present:

A: Inorganic Compounds
B: Organic Compounds

Biochemical tests were performed to determine the
presence of inorganic and organic compounds in the
leaves of Shorec robusta. Inorganic compound are the
one that lacks carbon atom within them and so are
solely made up of inorganic ions. These include
micronutrients in the form of metal ions. Micronutrients
are the nutrients required by humans and other
organisms throughout their life span in smaller
guantities. These include inorganic metal ions. Organic
compounds are the one which are made up of carbon
and its compounds. These are chemical elements that
animals consume in large quantity and include Proteins,
Carbohydrates and Fats (Prentice, 2005).

Qualitative determination of inorganic compounds:
Qualitative determination refers to the estimation of
inorganic ions present within the sample. All these
inorganic ions form an important constituent of enzymes
in the form of prosthetic group or forms complex
compounds with organic compounds.

Preparation of sam ple for analysis: Fully matured and
fresh leaves of Shorea robusta was collected from the
Forest Research Institute (FRI) campus. The leaves
were collected in early morning and processed
immediately. Fresh and mature leaves were taken and
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washed with tap water followed by distilled water so as
to remove the surface contaminants.

Determination of moisture content: Moisture content
refers to the amount of water content within the sample.
Sun dried; finely grinded 5 gm of the leaf powder was
taken in a pre weighed Petri dish (W1) and was weighted
again to a constant weight (W>2). It was kept in a hot-air
oven for 24 h at 100+5°C cooled in desiccators and
weighted (W2). The loss in weight was considered as
the moisture percentage and was calculated using the
following formula:

2

Percentage of Moisture

22

Where,

Wi = Wit of empty Petri dish

W2 = Wt of Petri dish with sample before hot-air oven
dry

Wi = Wt of Petri dish with dried sample

Determination of ash content: The dried crushed leaf
powder was weighed to 5, 10 and 15 gm and kept in
three different crucibles which had been well dried and
weighted before. These crucibles were heated at a
temperature of 550°C on direct flame, till the organic
material was completely burned and only ash remained.
The crucible containing the ash was then allowed to cool
down in desiccators and later on weighed to determine
the ash content using the following formula:

(Wh. of Crucible + Ash Wt. of Empty crucible)
(Sample wt. x dry matter coefficient)

Ash of (%) =

The ash was dissolved in double distilled water and
was used for the determination of micro and
macronutrients. Biochemical tests for Micronutrients and
Macronutrients were performed as per the chemical
tests advocated by Adlakha ef al. (2013).

Tests for micronutrients: The following micronutrients
were analyzed:

1. Test for iron: 0.5 mL of the test sample was taken
and to it 5 drops of Potassium thiocyanate (KSCN)
were added. Appearance of red colour indicates the
presence.

Test for calcium: 0.5 mL of the test sample was
taken and to it 2-3 drops of sulfuric acid (H2S04) were
added. Appearance of white precipitate indicates the
presence.

Test for phosphorus: 0.5 mL of the test sample was
taken and to it 2-3 drops of Ammonium
orthomolybdate [(NH4)2MoO4] were added.
Appearance of yellow color indicates the presence.
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Test for potassium: 0.5 mL of the test sample was
taken and to it 2-3 drops of 15% hypochlorous acid
(HCIO4) solution was added. Appearance of KCIO4
crystals indicates the presence.

Test for sulphur: 0.5 mL of the test sample was
taken and to it 2-3 drops of Barium Chloride (BaCl:)
was added. Appearance of white precipitate
indicates the presence.

Test for zinc: 10 mg of ash was dissolved in 1 mL of
the double distilled water. To the sclution obtained
0.2 mL of 10 M sodium hydroxide (NaOH) was
added. A white precipitate was obtained which was
dissolved in 2 mL of 10 M sodium hydroxide
solution. To it 5 mL of 2 M Ammonium Chloride
(NH4Cl) was added followed by addition of 0.1 mL of
sodium sulphate (Na:SQ0s4). Appearance of a
flocculent white precipitate indicates the presence.
Test for nickel: 10 mg of the ash was dissolved in 1
mL of the double distilled water, acidified with 1 or 2
drops of dilute hydrochloric acid (HCI) and then a
drop of dilute sodium hydroxide were added.
Appearance of a blue precipitate which turns green
on warming indicates the presence.

Test for copper: 10 mg of the ash was dissolved in
1 mL of the double distilled water to it dil ammonia
solution was added drop wise up till a clear blue
color appears. With continuous heating alcoholic
solution of a-benzoinoxime was added drop wise.
Appearance of green precipitate indicates the
presence.

Quantitative estimation of organic matter: The amount
of weight lost while determining the ash content of the
sample is the amount of Organic matter present within
the sample:

Amount of Org. matter = Wt. of Dried Sample-Wt. of Ash

Tests for macronutrients: The following macronutrients
were analyzed within the organic matter:

Determination of fiber content: The fiber content of the
sample was determined through the method as
advocated by Jeraci and Van Soest (1990).

Recovery of fiber: The fat sample (W) obtained after
ether extraction was transferred from the thimble to a
500 mL of round bottom condenser flask. To it 200 mL
of 1.25% Sulphuric acid solution was poured into the
flask and heated in a heating mantle. After boiling for
30 min, the content of the flask was filtered through the
muslin cloth. The residue was washed with distilled
water to remove the acid. It was transferred to a crucible
and kept in a hot-air oven at 100£5°C for drying. The
crucible was cooled in a desiccators and weighted to a
constant weight (Ws).
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The content was ashed in a muffle furnace at 600°C,
cooled in desiccators and weighed (Ws:). The loss in
weight during ash formation was the percentage of
crude fiber and was calculated as follows:

Percentage of Fiber = W, - W,
W1

%100

Determination of anti-nutritional factors: The anti-
nutritional factors such Polyphenols and saponins were
determined through method as advocated by
Association of Official Analytical Chemistry (AOAC, 1980)
as described below.

Recovery of saponins: A modified Morales and Curl
method (1983) was used for Saponin determination.
Three gram of the air-dried powered sample was taken
in a 250 mL round bottom flask and extracted with 25 mL
of methanol (S0% vA) by refluxing it for half an hour. The
same extraction process was repeated thrice and the
solvent was distilled off. The soft extract left over was
treated with 25 mL of petroleum ether (60-80°C) by
refluxing it for half an hour.

Solvent was cooled, removed by decantation. Soft extract
left was then treated with a mixture of 25 mL chloroform
and 25 mL ethyl acetate. The solvent were poured off
after cooling, keeping the soft extract in the same flask.
It was again dissolved in 25 mL methanol, filtered
(Whatman no. 42) and concentrated to 5 mL. Methanolic
extract was then added to 25 mL of acetone to
precipitate glycosides. The ppt was then filtered,
collected and dried to a constant weight and percentage
of saponin was calculated by subtracting the weight of
the beaker (B) from the weight of beaker with dried
precipitate (P+B) and dividing with the weight of sample
taken:

___{r~B)-(B)}

- i 100
Wit.of sample (ingm)

Total Saponin

Recovery of polyphenols: Total polyphenolic content
was estimated using the Folin Ciocalteus colorimetric
method (Negi et a/., 2012).

Determining protein content. The protein content of the
leaf was determined by firstly determining the nitrogen
content through the Micro-Kjeldahl method described by
Pearson (1976) and the percentage nitrogen was
converted to crude protein by multiplying with a factor of
6.25 (Omotoso, 2005).

Recovery of LPC: The procedure for extraction of Leaf
Protein Concentrate (LPC) suggested by Pirie (Morrison
and Pirie, 1961, Pirie, 1971) was followed. Fresh leaves
(100 g) were taken and wash with tap water and grinded



Pak. J. Nutr., 13 (8): 546-553, 2014

in a mixer using sufficient amount of triple distilled water
(900 mL) and squeezed by hand using muslin cloth. The
above procedure was repeated 4-5 times in order to
achieve the complete extraction. The extracts was
coagulated by heating the filtrate at 75-80°C in water
bath for 8-10 min then cooled at room temp, centrifuged
at 1000 rpm for 10 min, washed with acidified water
followed by acetone and dried in hot air oven at 60°C for
30 min. All the samples were stored at 4°C, until
analyzed.

Estimation of protein nitrogen: Investigation on protein
content are of immense nutritional value for animals and
humans as they provide valuable information about the
total protein content as well as about the essential
amino acids present in proteins. The nitrogen content
was determined using the Micro-Kjeldahl method.

One gram of the finely powdered sample was taken in a
digestion flask; to it 9.5 gm K:804, 0.5 gm CuS0O4.5H:0
and 10 mL of Conc. H:S04 was added. The flask was
heated at 440°C on Micro-Kjeldahl heating unit till the
solution become clear. 25 mL of boric acid solution was
taken within the conical flask and the receiving flask was
placed in such a way that outlet of the condenser of
Micro-Kjeldahl's distillation apparatus dips into the boric
acid solution. The acid digested sample was transferred
to the steam chamber of Micro-Kjeldahl's apparatus.
Later on 40 mL of water and 40 mL of 40% NaOH was
added to the aliquot of the digested sample. The
stopcock was closed immediately and steam was
passed through the steam chamber to distill ammonia
till about 30-40 mL of distillate was collected in the
receiving boric acid containing flask. The receiving flask
was removed and the condenser outlet tip was rinsed
with water into the receiving flask. The content of

receiving flask was titrated against 0.1 NH2S0Os till bluish
green color changes to grayish silver. A blank
preparation was also simultaneously made to run in
parallel experiments which was identically prepared
except it does not contain the sample itself. The titration
volume of H:504 was recorded for both the sample and
that of the blank and calculations were performed using
the formula as under.

Calculation of nitrogen percentage: Percentage
Nitrogen content in the sample was calculated by using
the following formula:

14.01x(Reading of Sample-Reading of Blank)x0.1
Weight of sample %10

Nitrogen (%)=

(Pearson, 1976):

Protein (%)= Percentage Nitrogenx 6.25

(Omotoso, 2005).

Determining fat content: The fat content in the LPC was
determined through Soxhlet extraction method using
petroleum ether.

Recovery of fat: In three sets of experiments performed
500, 250 and 100 mg of the dried, crushed leaf samples
were taken in a dried thimble and place it in three
different soxhlet apparatus which were made to run
simultaneously for 6 h at 50°C using 150 mL of the
petroleum ether.

After the extraction was completed the solvent was
removed using a flask rotator evaporator, the fat left in
the flask is cooled at room temperature and weighed.
The percentage fat was calculated using the following
formula.

| Washed, dried and crushed leaves of Shoreo robusta |

Micro-Kjeldahl's
vExtraction

| Crude protein (CP) |

y
| LPC determination |

Ether extraction
A 4

| Ether extract (EE) |

Boiled and heated

| Crude fiber‘('CF) and Ash |
Burn
v v
| Ash | | Crude fiber (CF) |

v

| Inorganic compounds|

Fig. 1: Flowchart of Biochemical analysis of different components present in leaves of Shorea robusta
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Table 1: Recovery of Mineral elements from the ash of leaves of Shorea robusta through biochemical tests

Species Part of plant

Mineral element Presence{+)/Absence(-)

Shorea robusta Leaf

++
+
+

++

Iron

Calcium
Phosphorous
Potassium
Sulfur

Zinc

Nickel
Copper

+ve: Indicates presence of a mineral
-ve: Indicates absence of a mineral

Table 2: Recovery of LPCs from Shorea robusta through redox titration

Species Weight of sample (g) Reading of sample {mL) Reading of blank (mL) Nitrogen (%)
Shorea robusta 1.0045 433 05 5.969
1.0072 435 05 5.981
1.0021 43.0 05 5.941
0.0 05 05 0.0
Average percentage of Nitrogen present 5.96%

-ive control: VWas taken to validate our results

Table 3: Yield of L.P.S and nitrogen content of leaf protein concentrates isolated from Shorea robusta

Species Nitrogen (%) in dry LPC (per 100 gm) Protein (%) in dry LPC {per 100 gm)
Shorea robusta 5.96+0.2 37.2540.2
Data are represented as+standard deviation
Table 4{a): Biochemical composition of Leaf Protein concentrates The qualitative estimation of lron, Calcium, Phosphorus,
isolated from Shorea robusta species . . .
. Potassium, Sulphur, Nickel, Copper and Zinc was
Ingredients Percentage .
Organic matter (%) 90.7640.2 performed and the results are summarized below.
Ash (%) 9.24+0.2

Data are represented aststandard deviation

Table 4(b):  Biochemical composition of organic matter present in leaf
protein concentrates

Ingredients Percentage

Protein (%) 37.25¢0.2

Fiber (%) 8.2540.2

Lipid (%) 7.41+0.2

Carbohydrate (%) (NFE) 37.85+0.2

Data are represented aststandard deviation

Table 5:  Anti-nutritional factors recovery from LPCs of Shorea robusta
Species Total phenolic content (%) Total saponins (%)
Shorea robusta 0.123+0.001 0.087+0.001

Data are represented aststandard deviation

Determining nitrogen free extract. The nitrogen free
extract or carbohydrate of the sample was calculated by
using the following formula:

NFE (%) = Organic matter {%})-(Protein+Fat+Crude fiber+Ash (%)

Determining the total soluble sugar: The estimation of
total sugar in LPC was carried out by ferricyanide
method (Khanna and Sen, 1946).

RESULTS AND DISCUSSION

Qualitative determination of inorganic matter: High
moisture content of 10.81% was determined in the dried,
crushed leaf powder of Shorea robusta.
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Quantitative estimation of organic matter: As the ash
content of the extract was found to be 9.24% so the
organic matter present within the sample was found to
be 90.24%. Among this organic matter using the Micro-
Kjeldahl's method it has been shown that Shorea
robusta contained fairly good amount of LPC which is
nutritionally important as a protein source. The
percentage nitrogen was calculated through redox
titration method and the data recorded is presented in
the Table 2 as shown below. The percentage nitrogen
and percentage protein was calculated by using the
above formula.

Statistical analysis: Data obtained above was subjected
to statistical analysis using one way analysis of variance
using ANOVA (Steel and Torrie, 1980) and the
significance of result was determined. The data on the
recovery of LPC and nitrogen (Percentage Nitrogen)
content of the LPC are presented in Table 3. The results
from Table 2 confirmed that the leaves of Shorea
robusta yielded 5.9 g of dry LPC/100 gm of fresh pulp.

The Leaf Protein Concentrates recovery of dry LPC from
Shorea robusta had heen shown to contain good
amount of protein percentage (37.25%). Their fat content
revealed that the LPC from the Shorea robusia was
containing relatively low amount of fat (7.41%). The
amount ofthe Ash was found to be 9.24%. High ash
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Fig. 3: Images of (A) Digester, (B) Micro Kjeldahl's apparatus, (C) Soxhlet extractor (D) Rotary Evaporator

content in LPC is a reflection of the amount of the
mineral contained in the sample, Shorea robusia has
been shown to possess calcium, Iron, Phosphorus,
Potassium, Sulphur minerals so could be useful for
preghant and lactating women and children {Omotoso,
2005). However, extractability of the LPC from Shorea
robusta was also found to contain fiber, lipid,
carbohydrate and ash. Table 4 (a) and 4 (b) summarizes
the results of biochemical analysis of the LPCs.

The crude fiber content in the LPCs of Shorea
robusta is 8.25%. The nitrogen free extract (NFE) or
carbohydrate percentage, organic matter (OM) and
total carbohydrate in dry LPCs was determined by
different phytochemical tests. It was observed that
LPC recovered from Shorea robusta contain the
good amount of hitrogen free extract
(NFE/Carbohydrate) (37.85%), organic matter (OM)
(90.76%). Finally the biochemical evaluation had also
shown the percentage of total soluble sugar (1.94%) to
be present in dry LPCs.
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The LPCs from Shorea robusta was also evaluated
for anti-nutritional factors such as total phenolic
contents (TPC) and total saponins. Data regarding anti-
nutritional factors was presented in Table 5. The TPCs
and total Saponin contents are 0.123 and 0.087%,
respectively.

Conclusion: The phytochemical analysis results
shows that Leaf Protein concentrates isclated from
Shorea robusta species could serve as an important
source of Protein, Carbohydrates simultaneously the
low lipid content could facilitate its use as an
important tests for cardiovascular patients. The
presence of anti-nutritional factors such as phenolic and
saponin compounds as well as the presence of
micronutrients also enhances its utility as well as the
absence of heavy metal ions like zinc, nickel and copper
provides a positive sign and indicates about the non
toxicity of the leaf extract, also making it much safer to be
consumed.
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9.24

Organic matter (%)

90.76

Fig. 4. Compositin of Leaf Protein Concentrate of
Shorea robusta
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Fig. 5. Percentage of Organic Components within L.P.C.

The high moisture content as determined to be 10.81%
may provide favorable environmental condition for fungal
growth in LPCs (Roy and Chourasia, 1989; Halt, 1998,
Rawat et al.,, 2014) so suitable antifungal agents should
be used during its storage.

Although undoubtedly it is one of the best protein source
for animals moreover as ruminants have been grazing
on the leaves on Shorea robusta so it provoke no oral or
hepatic toxicity in animals.

Further mineral, vitamins, digestibility, oral and hepatic
toxicity testing should be performed before the leaf
protein extract could be used as an important constituent
of food material for human population.
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