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Abstract

The biochemical composition and some phytochemicals in the seeds of 4 groundnut (4rachis
hypogaea L.) varieties viz., Golden, Barri 2000, Mongphalla and Mongphalli 334 cultivated in arid
zones of Pakistan, were determined. The biochemical analysis included ash, crude fat, total
nitrogen, proteins and sugar contents. A statistically significant difference (p<0.05) was observed
among the varieties regarding the ash, crude fat, water soluble proteins, salt soluble proteins and
sugar contents. The four groundnut varieties were also found to be significantly different (p<0.05)
on the basis of phytochemicals analysed including tannins (822+3.78 to 903+4.45 mg/100g),
saponins (438+2.12 to 480+2.30 mg/100g), non-protein nitrogen (1.33+0.03 to 1.56+0.02
mg/100g), hydrogen cyanide (40.80+0.32 to 42.82+0.75 mg/100g), total phenolic acids (218+2.11
to 256+2.02 mg/100g), total phosphorus (700+3.62 to 889+3.84 mg/100g) and phytic acid
(572+4.37 to 714+3.74 mg/100g). The results obtained from the present studies could be a source
of valuable information and a guideline for the food scientists, researchers and even the nut
consumers not only in Pakistan but all over the world.

Introduction

Legumes play an important role in human nutrition since these are rich sources of
protein, calories, certain minerals and vitamins (Deshpande, 1992). Although, legumes
are deficient in S-containing amino acids (Farzana & Khalil, 1999), these enhance the
protein content of cereal-based diets and may improve the nutritional status of the cereal-
based diets deficient in lysine (Amjad et al., 2003). Among the legumes, nuts are a good
source of oil containing higher amounts of unsaturated fatty acids as compared to
saturated fatty acids (Sabate, 2003). However, legumes also contain some of the
phytochemicals which have dual effect on human health. Some of these show their
beneficial effects in lower amounts while some others may hinder efficient utilization,
absorption or digestion of nutrients and thus reduce their bioavailability and nutritional
quality (Liener, 1975).

The groundnut, often called as “The King of Oilseeds”, is botanically known as
Arachis hypopgaea and belongs to family Leguminosae. It is cultivated worldwide and is
one of the major oilseed plants cultivated in Pakistan. In many areas of the world,
particularly in Pakistan, this crop is cultivated in rain fed conditions. Groundnut is
resistant to water stress conditions but drought conditions have adverse effects on the pod
yield and seed grade (Stansell et al., 1976; Nageswara Rao et al., 1989). The effect of
drought on the chemical composition of the groundnut seeds has been reported to be
limited in the mid-season drought but significant in end-season drought (Conkerton et al.,
1989; Musingo et al., 1989; Dwivedi et al., 1996). Umar (2006) reported that groundnut
may be cultivated under such conditions along with potassium fertilization in order to
minimize the adverse effects of water stress. In this regard, groundnut is a valuable crop



2740 M. ASLAM SHAD ET AL.,

which may be a good source of income not only from the irrigated regions but also from
the arid zones. In Pakistan, it is cultivated on vast area of about 50,700 hectars, 85% of
which is cultivated only in Punjab. Groundnut is the rich source of fat ranging from 36 to
54% (Asibu, 2008). Groundnuts and groundnut butter are energy rich and nutritious
foods, providing a valuable supply of a wide range of vitamins, minerals and dietary fibre
(Jennette, 2003). Contrary to high calorific value, good mineral and nutritional
composition, these also contain some phytochemicals, antinutrients, allergens and toxins
which limit their frequent use as food supplements for long time (Fleischer et al., 2003;
Fasoyiro et al., 2006).

A careful survey of literature revealed that little work has been done on the
comparative studies of nutritional values and phytochemical composition of the seeds of
groundnuts grown in Pakistan. Khalil & Chughtai (1983) investigated the chemical
composition and nutritional quality of different groundnut cultivars grown in Pakistan.
Their studies presented the valuable information about the proximate composition, minerals
and amino acid score of these groundnut varieties. But no guidelines have been provided
about the phytochemical composition of groundnuts cultivated in Pakistan. This paper
hence presents the comparative studies on the biochemical and phytochemical analysis of
four groundnut (Arachis hypogaea L.) varieties cultivated in arid zone of Pakistan.

Materials and Methods

Mature pods of four groundnut varieties viz., Golden, Barri 2000, Mongphalla and
Mongphalli 334 recommended for cultivation in arid zones and irrigated regions of Pakistan,
were collected from Barri Research Institute Chakwal, Punjab, Pakistan. The seeds were
separated from the pod shells manually. The mature and immature seeds were further
separated according to their size, shape and colour. The seeds were ground and stored in glass
containers for the analysis of their biochemical and phytochemical composition.

Biochemical analysis
Ash contents: The ash contents were determined by standard method (Anon., 1990).

Sugars: The sugars were extracted from the finally powdered groundnut seeds following
the method as described earlier (Shad er al., 2009). Total sugars and reducing sugars were
estimated by the methods of Travelyan & Harrison (1952) and Hulme & Narain (1931)
respectively. Non-reducing sugars were calculated by difference. Qualitative analysis of
sugars was carried by paper chromatography. The chromatograms were developed using
ethyl acetate-pyridine-water (60:30:20; v/r) as solvent system and aniline phthalate as
locating agent.

Total nitrogen and crude proteins: The contents of total nitrogen in each variety were
estimated by using the Kjeldahl procedure (Anon., 1990). The percentage of crude
proteins was calculated by multiplying the percent nitrogen by 6.25. The water soluble
and salt [0.5 M (NH,),SO4] soluble protein contents were determined by Biuret method
(Plummer, 1979).

Phytochemical analysis

Tannins: Tannins were extracted from defatted flour by the method of Horborn (1984).
The tannins contents were determined by following the method of Makkar & Goodchild
(1996). Thin layer chromatograms of different tannins extracted from each groundnut
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variety, were developed using the solvent system chloroform-acetic acid (9:1, v/v) and
the spots were visualised by spraying with Folin-Ciocalteu reagent followed by the
fumigation with ammonia solution (Horborn, 1984).

Saponins: Saponins were extracted from defatted flour and determined by following the
method as described by Anhawange et al., (2004).

Non-protein nitrogen: The contents of non-protein nitrogen (NPN) were extracted by
the method as described by Chavan et al., (2003) and determined by using micro Kjeldahl
procedure (Anon., 1990).

Hydrogen cyanide: The hydrogen cyanide (HCN) content of different groundnut
varieties was determined by alkaline titration method (Anon., 1990). Ten grams of
freshly ground sample of each variety was soaked in a mixture containing 200 ml of
distilled water and 10 ml of phosphoric acid. The mixture was left for 12 hour to release
bound hydrocyanic acid. The mixture was then distilled until 150 ml of the distillate was
collected. Twenty ml of the distillate was taken into a conical flask containing 40 ml of
distilled water. Eight ml of 6 A ammonium hydroxide and 2 ml of 5% potassium iodide
solutions were added. The mixture was titrated with 0.02 M silver nitrate until faint but
permanent turbidity was obtained. The cyanide content was calculated as:

1 mole CN™ = 2 mole AgNO;

Phenolic acids: The free phenolic acids (FPA), esterified phenolic acids (EPA) and
insoluble-bound phenolic acid (IBPA) fractions from defatted flour were extracted and
determined using the method as described by Chavan et al., (2003). The scheme for the
extraction of different phenolic acids fractions has been presented in Fig. 1. The phenolic
acids contents were expressed as mg tannic acid (instead of sinapic acid) equivalents per
100g sample. Total phenolic acid content was calculated as the sum of all fractions.

UV spectra: UV spectra of methanolic solutions phenolic acids viz. FPA, EPA and IBPA
of each groundnut variety were recorded at the UV range (250-380 nm) using UV visible
spectrophotometer (Optizen 2120 UV Plus, Mecasys, Koria).

TLC studies: The phenolic acids fractions (FPA, EPA and IBPA) from each peanut variety
were used further for TLC studies. The chromatograms of different phenolic acids were
developed by using silica gel as adsorbent and a solvent system containing chloroform-
acetic acid (9:1, v/v). The plates were sprayed with Folin-Ciocalteu reagent followed by the
fumigation of ammonia solution for the visualization of spots (Horborn, 1984).

Phosphorus contents: The total phosphorous (Pt), inorganic phosphorus (Pi), the fraction
of phosphorus extractable in 1.2% aqueous HCI + 10% Na,SO, (Pe), the fraction of Pe not
precipitated by ferric ion (Ps), the fraction of Pe precipitated by ferric ion (Pp) and phytic
acid content in the groundnut seeds were extracted and determined by following the method
of Tangkongchitr et al, (1981). All the determinations were done in triplicate and the
phosphorus contents were expressed as milligram phosphorus/100g of dry sample.

Statistical analysis: The experimental results (means £ SD of three replicates) were
analysed by one way analysis of variance (ANOVA; p<0.05) and the means were
separated by Tukey’s multiple range test using SPSS statistical software (version 17.0).
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Fig. 1. Scheme for the extraction of different phenolic acid fractions from groundnut seeds.
Results and Discussion

The biochemical analysis of seeds of four groundnut varieties (Table 1) showed that
the ash contents ranged from 2.70+0.03 to 3.03+0.02 g/100g which were found to be low
as compared to those reported by Udayasekhara (1995) but comparable to those reported
by Fasoyiro et al. (2006). The contents of total nitrogen, crude proteins and crude fat
ranged from 4.84+0.75 to 5.18+0.35, 30.27+0.21 to 32.37+0.55 and 45.09+0.8 to
51.63+0.23 g/100g respectively. Among the four varieties, Mongphalli 334 was found to
be high in total nitrogen (5.18+0.35 g/100g), crude protein (32.37+0.55 g/100g) and
crude fat (51.63+£0.23 g/100g) contents. The lower value of fat contents was observed in
Barri 2000 (45.09+0.8 g/100g). Asibu (2008) reported a range of fat content (36-54%) in
the seeds of 20 different groundnut varieties from Ghana. The fat contents in the present
studies fall in this range. The crude fat content investigated in the present studies agreed
with those reported by Atasie er al., (2009) while the protein content were low as
compared to this report. The total nitrogen, crude protein and crude fat contents were
found to be high as compared to the reports of Fasoyiro et al., (2006).
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Table 1. Biochemical composition of the seeds of different groundnut varieties.

Components (g/100g) Golden Barri 2000 Mungphalla Mungphalli 334
Ash content 3.00+0.04% 2.80+0.02° 3.03+0.02% 2.70 £ 0.03°
Crude fat 50.42 + 1.02* 45.09+0.8°  49.18 + 2.10° 51.63 +0.23%
Total nitrogen 512 +0.19* 4.98 +0.26° 4.84 +0.75° 5.18 +0.35%
Crude protein 32.00+1.19* 31.13+1.63* 30.24 +4.69° 32.37 +2.19%
Water soluble proteins 250 +0.04% 223+0.23" 2.63+0.13 2.60 +0.05%
Salt soluble proteins 15.95+0.18° 15.00 + 0.09° 16.38 + 0.21° 15.60 + 0.11°
Total sugars 8.11+0.04" 7.64+0.06° 830%0.12% 8.31 +0.04°
Reducing sugars 1.87+0.10® 1.97+0.08° 1.74+0.05% 1.64 +0.11°
Non-reducing sugars 6.24 +0.06° 5.67+0.02° 6.56+0.07° 6.67 +0.07°

The means expressed with same letter, in each row, are not significantly different at p<0.05, using
Tukey’s multiple range test.

Table 2. Phytochemical components of seeds of different groundnut varieties.

Components (mg/100g) Golden Barri 2000 Mungphalla Murg%p;halll
Tannins 903 +4.45° 822+3.78% 860+2.61° 893 +3.36"
Saponins 480 +2.30* 438+2.12° 465+3.24" 476 +2.69°
Non-protein nitrogen (% of total N)  1.56 + 0.02*° 1.44 +0.09® 1.33+0.03°  1.39 +0.06"
Hydrogen cyanide 42.2 +0.42° 41.78+0.56® 40.80+0.32° 42.82+0.75°
Phenolic acids

Free 97 +#1.11° 100+1.03"° 112+1.14*  115+1.25°
Esterified 78+1.23" 80+1.33 97 +1.08° 100 + 1.32°
Insoluble-bound 43+0.24*  43+0.55° 38 +0.87° 41+0.98°
Total 218+2.58° 223+3.05° 247+3.09" 256+ 3.55°

The means expressed with same letter, in each row, are not significantly different at p<0.05, using
Tukey’s multiple range test.

The contents of water soluble and salt soluble protein fractions ranged from
2.231£0.23 to 2.63+£00.13 @¢/100g, and 15.00+0.09 to 16.38+0.21 g/100g respectively.
These contents were found highest in Mongphalla but low in Barri 2000. The water
soluble proteins (WSP) have been found to be effective scavengers of superoxides and
hydrogen peroxide (Okada & Okada, 1998). The considerable amount of WSP in
groundnuts seeds may be helpful in preventing the oxidative damage in the body. The
contents of total sugar, reducing sugar and non-reducing sugar ranged from 7.64+0.06 to
8.30+0.12, 1.64+0.11 to 1.97+0.08 and 5.67+0.21 to 6.67+0.24 g/100g respectively. Barri
2000 contained lowest values of total sugars and non-reducing sugar but showed higher
values for reducing sugars contents. Mongphalli 334 was high in total and non-reducing
sugars but low in reducing sugars contents. Qualitatively three sugars viz., glucose,
fructose and sucrose were found to be present in each variety.

The studies on some phytochemicals in the defatted flour of groundnut seeds (Table 2)
showed that total tannins contents in different groundnut varieties ranged from 822+3.78 to
903+4.45mg/100g. These were found to be high in Golden and lowest in Barri 2000. The
results were found to be lower than those reported for groundnut seeds (Fasoyiro et al.,
2006) but were found to be comparatively higher than those reported by Udayasekhara
(1995). In the TLC studies of tannins, six spots of different Rf values were obtained in case
of each variety (Fig. 2) indicating the presence of six types of tannins in groundnut seeds.
Tannins are the oligomeric higher molecular weight polyphenolic compounds occurring
naturally in plants. Due to their binding ability with protein and carbohydrates, tannins can
inhibit digestive enzymes and reduce the bioavailability of different proteins (Hagerman et
al., 1992; Reed, 1995).
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G E M I 334

Fig. 2. TLC chromatograms of tannins in different groundnut varieties.

G; Golden, B; Barri 2000, M; Mongphalla, M 334; Mongphalli 334,

Adsorbent material: Silica gel, Solvent system; chloroform-acetic acid (9:1 v/v), Locating reagent;
Folin-Ciocalteu reagent.

The saponins contents ranged from 438+2.12 to 480+2.30 mg/100g and were found
to be high in Golden and low in Barri 2000. Saponins have both beneficial and adverse
effects on human health. Contrary to their hypocholesterolemic property (Oakenfull &
Sidhu, 1990), saponins also show hemolytic activity by reacting with the sterols of
erythrocyte membrane (Baumann et al., 2000).

The non-protein nitrogen (NPN) content ranged from 1.33+£0.03 to 1.56+0.02 % of
total N and was found to be significantly different (p<0.05). The NPN content was
maximum in Golden (1.56%) followed by Barri 2000 (1.44%), Mongphalli 334 (1.39%)
and Mongphalla (1.33%). The results were low as compared to those reported earlier for
beach pea seeds (Chavan er al., 2003) and for chickpea and pigeon pea (Singh &
Jambunathan, 1982). Chizzotti et al., (2008) investigated the effect of NPN on
performance, digestibility, ruminal characteristics and microbial efficiency in crossbred
steers and reported that the dietary intake of NPN up to 46.5% of total N has no
significant effect on their growth performance or ruminal protein synthesis. The present
investigations suggest that the dietary intake of groundnut seeds may have no significant
effect on the growth performance of the individuals.

The contents of HCN ranged from 40.80+0.32 to 42.82+0.75 mg/100g. A significant
difference was found in HCN content among the four groundnut varieties (p<0.05). HCN
Is present in plants in the form of cyanogenetic glucosides and is toxic due to the cyanide
ion whose toxic properties are shared by all the soluble inorganic cyanide salts present in
the samples (Smith ez al., 2003). The results of present studies indicate high levels of
HCN present in raw seeds of groundnut varieties as compared to those of some wild
plants (Nkafamiya et al., 2007). The continuous exposure of HCN through diet may lead
to pancreatic diabetes, Vitamin B, deficiency and decreased uptake of iodine by thyroid
glands which may further lead to goiter (Sharma, 1993; Kamalu, 1995). Jansz &
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Uluwaduge (1997) reported that people eating foods containing low level of cyanide for
long time developed damage to the central nervous system and the thyroid gland. The
hydrogen cyanide content can be reduced by different heat processing methods
(Dingyuan et al., 2003). It is therefore suggested that the groundnut should be roasted
before eating to reduce its possible toxic effects.

Among the phenolic acids fractions, the contents of free phenolic acids (FPA),
esterified phenolic acids (EPA) and insoluble-bound phenolic acid (IBPA) ranged from
97+1.11 to 115+1.25, 78+1.23 to 100£1.32 and 38+0.87 to 43+£0.55 mg/100g respectively.
The total phenolic acids contents, obtained from the sum of free, esterified and insoluble-
bound fractions, ranged from 218+2.11 to 256+2.02 mg/100g. A statistically significant
difference in the content of phenolic acid fractions was observed among the groundnut
varieties (p<0.05). Mongphalla and Mongphalli 334 contained higher FPA and EPA
contents but lower IBPA contents as compared to Golden and Barri 2000. In the present
investigations FPA content were found to be high in relation to the EPA and IBPA content
in each groundnut variety. The total phenolic acid contents were found to be high in
Mongphalli 334. The results were in agreement with those reported earlier for green pea
and Canadian grass pea and Indian grass pea (Chavan et al., 1999b). The results were found
to be four folds lower than those reported for beach pea seeds (Chavan et al., 2003). On the
other hand, these results were found to be very high as compared to the range reported in
literature for legume flours such as mung beans, field peas, lentils, faba beans, pegion peas,
nava beans, lupins, lima beans, chick peas and cowpeas ranging from 1.80 to 16.30
mg/100g (Sosulski & Dabrowski, 1984).UV spectra of different phenolic acids (Fig. 3)
explained that all the phenolic acids in each groundnut variety showed maximum
absorbance at the same wavelength (280 nm) which resembles to that reported for phenolic
acids in beach pea (Chavan et al, 2003). Phenolic acids and their derivatives occurring in
relatively high concentrations in certain oilseeds and legume seeds are responsible for the
development of adverse tastes and colours in food products and decreased protein nutritive
value. The soluble phenolic constituents also have been investigated in oilseed flours such
as peanut, soybean and cottonseed (Krygier, et al., 1982).
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Fig. 3. Typical UV spectra of methanolic solutions of different phenolic acid fractions in the seeds

of Barri 2000. (1) Insoluble-bound phenolic acids, (2) Free phenolic acids and (3) Esterified
phenolic acids, Wavelength range 250-380 nm.

Lheotbance




2746 M. ASLAM SHAD ET AL.,

E & .

FPA EPA IBFA

Fig 4. Typical TLC chromatogram of phenolic acids in seeds of Barri 2000. FPA: Free phenolic
acids, EPA: Esterified phenolic acids, IBPA: Insoluble-bound phenolic acids. Adsorbent material:
Silica gel, Solvent system: chloroform-acetic acid (9:1; v/v), Locating reagent: Folin-Ciocalteu
reagent.

UV spectra of phenolic acid fractions indicate that all of the phenolic acid fractions
in each groundnut variety showed maximum absorbance at 280 nm. A representation of
typical UV spectra of different phenolic acid fractions has been given in Fig. 3. The
results agreed with those reported by Chavan et al., (2003) for beach pea seeds. TLC
studies of different fractions of phenolic acids showed that eight spots of different Rf.
values were observed for FPA while seven spots for EPA and six spots for IBPA in case
of each variety (Fig. 4). The results clearly showed that each of the groundnut variety had
several phenolic acid components but there is no difference in the number of phenolic
acid components among the four groundnut varieties. Each of the four groundnut
varieties contained higher number of phenolic acid components in the FPA fraction
followed by EPA and IBPA fraction.

The quantitative analysis of phosphorus and its different fractions have been
presented in Table 3. The total phosphorus contents ranged from 700+3.62 to 889+3.84
mg/100g, fractionated as inorganic phosphorus from 168+2.01 to 235+1.73 mg/100g,
phosphorus extractable in 1.2% HCI and 10% Na,SO, from 262+3.21 to 327+2.51
mg/100g, phosphorus precipitated with ferric ions from 161+1.58 to 201+1.91mg/100g
and the phosphorus not precipitated with ferric ions from 100+1.21 to 128+1.18
mg/100g. The phytic acid contents ranged from 572+4.37 to 714+3.74 mg/100g. The four
groundnut varieties were found to be statistically different (p<0.05) on the basis of total
phosphorus and its different fractions and phytic acid contents. Mongphalli 334 was
found to be high in each type of phosphorus. Low phosphorus contents were observed in
Golden. The total phosphorus and phytic acid contents were found to be comparable to
those reported earlier in different groundnut varieties (Udayasekhara, 1995). These
results were found to be two folds higher than those reported for beach pea seeds
(Chavan et al., 2003).
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Table 3. Phosphorus contents in the seeds of different groundnut varieties.

Fractions of phosphorus Golden Bari 2000 Mongphalla  Mongphalli 334
Inorganic 168 +2.01° 169 +1.98° 233 +1.49° 235 + 1.73°
Extractable in acid + salt 262 +3.21° 267 +1.45° 317 + 2.85° 327 +2.512
Precipitated by Fe** 100 +1.21° 100+1.75° 126 + 1.66° 128 +1.18°
Non-precipitated by Fe®* 161+1.58° 166+2.11°  191+1.34° 201 + 1.91°
Total phosphorus 700 £ 6.62° 706 +3.35° 876+ 2.40° 889 + 3.84°
Phytic acid 572+ 437 589+2.86°  678+6.02° 714 + 3.12°

The means expressed with same letter, in each row, are not significantly different at p<0.05, using
Tukey’s multiple range test.

Conclusion

The present investigations suggest that the groundnut seeds are rich source of
protein, sugars and oil and thus provide higher calorific score as compared to most of the
other legumes. No significant difference (p<0.05) was found to be present among the
groundnut varieties regarding the nitrogen and protein content. Barri 2000 contains
comparatively low fat content and is thus favourable groundnut variety concerning low
fat diets. Along with their good nutritional composition, groundnut seeds also contain
considerable amounts of phytochemicals viz., tannins, saponins, non protein nitrogen,
HCN, phenolic acids, phosphorus and phytic acid. The four groundnut varieties show a
statistically significant difference (p<0.05) in their phytochemical compositions. Golden
and Barri 2000 constitute lower amounts of phytochemicals as compared to other two
varieties. The variation in the investigated parameters among the present groundnut
varieties as well as those investigated by other workers may be due to genetic and
climatic variations or due to different agronomic conditions. It is therefore, concluded
that groundnut seeds have good nutritional composition along with some phytochemicals
and might be recommended for different food supplementations in processed form in
order to reduce the antinutritional effects of these phytochemicals.
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