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Abstract: The present study investigated five different strategies for germination, utilizing distinctive substrata like jute
bag, separating funnel, muslin cloth, filter paper and aluminum foil followed by evaluation of percent germination, radicle
size, weight gain, total phenols and antioxidant activity of eleven indigenous legumes. The results revealed that jute bag
displayed the most elevated percent germination in all legumes (84-96) % with the exception of kabuli chick pea, desi
chick pea, garbanzo bean and cow pea which demonstrated improved percent germination when filter paper was utilized
as substrata. The longest root length (3.1cm) was seen in cow pea when filter paper was used as substrata. It was
additionally observed that jute bag demonstrated the highest increment in total phenolic compounds after germination in
soy bean i.e. 6.3 mg gallic acid/gram. Among all germinated legumes, cowpea demonstrated the most elevated amount
of total antioxidant activity (98.1%) when either filter paper or separating funnel was utilized. The results revealed that
every bean requires optimum sprouting technique/conditions inorder to enhance its antioxidant capacity to maximum

extent.
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1. INTRODUCTION

Legumes are considered as an economical source
of protein, minerals, vitamins and carbohydrates [1].
They are rich in phytochemicals and consist of
polyphenols which provides good health effects and
protect against ischemia, anaemia, asthma, arthritis,
inflammation etc [2]. However along with the nutritional
compounds, they also contain antinutritional factors like
inositol hexaphosphatase (IP6) known as phytic acid
and phytates that affect the bioavailability of minerals
and trace elements [3]. They furthermore consist of
enzyme inhibitors (trypsin, chymotrypsin), oxalates,
saponins, tannins and protease inhibitors, lectins, alpha
amylase inhibitors, phenolics, phytates and alpha
galactosides [4]. To overcome these unhealthy factors,
legumes are either cooked or germinated.

Germination is the simplest, inexpensive and
effective treatment compared to dehulling, soaking,
cooking, boiling, autoclaving and microwave cooking to
reduce antinutrtional properties in legumes [5, 6]. Prior
this process, seeds are soaked in water for optimum
time so that water soluble abscisic acid which is growth
inhibitor hormone could be removed from the seed.
Then the seeds are kept in substrata to initiate
germination. This process undergoes in three phases.
In first phase ‘imbibition’, dormant seeds uptake water
thus increasing in volume and enzymatic activity.
These enzymes are synthesized by the hormone called
giberellic acid. While in second phase that is
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preparatory period, metabolic activity increases, protein
synthesizes and transports nutrients to all parts of the
seed whereas in last phase, radicle emerges from the
seed coat providing completely nutritious seed [7].
During this procedure, cell constituents are converted
into new ones, affecting biochemical properties [8]. It
improves the quality of legumes as it trigger enzymatic
activity of sprouting seeds and converts protein,
carbohydrates and lipids into simpler forms [9].

The objective of the present study was to compare
the effectiveness of five different methods of
germination incorporating different substrata. Efficacy
of germination was measured in terms of weight gain,
radicle size and percent germination. Moreover, this
study also compared the effect of different germination
techniques on legume phenolic compounds and their
antioxidant activity.

2. MATERIALS AND METHODS

2.1. Legumes

Eleven varieties of legumes namely namelydesi
chickpea (Cicer arietinum), kabuli chickpea (Cicer
arietinum) and garbanzo bean (garbanzo bean belongs
to the family Cicer arietinum), green gram (Vigna
radiate), black gram (Vigna mungo), cow pea (Vigna
unguiculata), lentils (Lens culinaris), soy bean (Glycine
max), adzuki bean (Vigna angularis), pinto bean
(Phaseolus vulgaris) and kidney bean (Phaseolus
vulgaris) from a single cultivar were obtained from
PARC (Pakistan Agriculture and Research Council),
Karachi, Pakistan.
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2.2. Germination Methods

2.2.1. Jute Bag

Hundred grams of seeds were soaked in distilled
water for 12 h at 25 °C and were then spread on a
clean water soaked jute bag for 24 h to germinate. The
seeds were rinsed after every 6 h intervals in running
tap water for 10 min to reduce fungal contamination
[10].

2.2.2. Separating Funnel

Hundred grams of seeds were washed with 0.7%
(w/v) sodium hypochlorite solution followed by soaking
in distilled water for 6 h. The seeds were rinsed after
every 30 minutes. The water was then drained off, and
the seeds were transferred to a separating funnel and
kept at 25 °C for 24 hours. Seeds were sprayed with
distilled water after every 4 hours to maintain adequate
hydration level [11].

2.2.3. Muslin Cloth

Hundred grams of seeds were soaked in distilled
water for 10 h at room temperature. The hydrated
seeds were spread between two moist muslin cloths
over a metal tray and were allowed to germinate for 24
h at 25 °C [12].

2.2.4. Filter Paper

Hundred grams of seeds were immersed for 30
minutes in 0.07% (w/v) sodium hypochlorite solution in
dark in order to remove surface micro flora of seeds.
Seeds were then washed with distilled water until
neutral pH. The liquid was removed and seeds were
kept for 5.5 h in distilled water. After decantation, seeds
were placed in plastic discs with the bottom covered
with wet filter paper. Germination was carried out at
25 °C for 24 h and seeds were sprayed with water after
every 2 h [13].

2.2.5. Aluminium Foil

Seeds were washed in cold running water and
soaked in tap water for 8 h at room temperature. The
hydrated seeds were spread on trays lined with
previously sterilized moist muslin sheets and covered
with aluminium foil. Germination was done at 25 °C for
24 hours [14].

2.3. Determination of Percent Germination

Percent germination was recorded after 24h and
was calculated by using the formula.

Percent germination = Germinated seeds x 100
Total Seed

2.4. Determination of Root Length and Weight
Gained

Radicle length and weight gained was evaluated
using the method of Perveen, et al. [15].

2.5. Preparation of Extract of Germinated Legumes

Seeds were dried at 40 °C for 3 days. Dried beans
were ground to a fine powder (particle size 0.5mm)
using hammer mill. Five gram sprout powder was
suspended in 80% (v/v) methanol solution (100mL) and
extracted at 60 °C in a water bath with continuous
shaking for 2 hours. The extracted solvent was filtered
through whatmann no. 541 and the subsequent filtrate
was used for the determination of total phenols and
radical scavenging activity.

2.6. Determination of Total Phenols

The extracted sample (20uL) was diluted in water
(1580uL) followed by addition of 100yL Folin —
Ciocalteau (FC) reagent. The sample was mixed
thoroughly followed by incubation for 8 min. Sodium
carbonate solution (300 pL) was added and the
solution was incubated for 2 hours at room
temperature. The sample absorbance was measured at
765nm using UV-visible spectrophotometer JASCO
Model V670 (JASCO Corporation, Tokyo, Japan).
Quantification was performed with respect to the
standard curve of gallic acid. The results were
expressed as milligram of gallic acid equivalent per
gram as described by Waterhouse [16].

2.7. Determination of Free Radicals Scavenging
Activity by DPPH

The 1,1-Diphenyl-2-picryl-hydrazyl (DPPH) assay
was done according to the method of Marinova and
Batchvarov. [17].

2.8. Statistical Analysis

Analyses were performed in triplicate. The data was
analyzed by (Analysis of Variance) ANOVA using
SPSS (Version 17.0. Inc, Chicago, USA) statistical
program. Duncan’s multiple range tests were carried
out to test any significant differences among the
treatments employed. Significant levels were defined
using P < 0.05.
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3. RESULTS AND DISCUSSION

3.1. Effect of Different Techniques on Percent
Germination and Percent Inhibition Scavenging
Activity

Eleven legumes were treated with five different
methods individually for determining the most effective
method of sprouting. The results of the effect of
different germination methods on percent germination
and percent inhibition scavenging activity of sprouted
legumes are presented in Figure 1. The results showed
that percent scavenging activity increases with the
increase in percent germination. According to our study
jute bag was the most effective of the five germination
methods for black gram, green gram, cow pea, and
kidney bean. It possess the highest water retaining
capacity, therefore seeds remained hydrated for a
longer period of time. Moreover, air could easily be
circulated through pores. Similarly, filter paper also
showed improved percent germination and percent
inhibition scavenging activity for desi chickpea, kabuli
chickpea, garbanzo bean, adzuki bean, soy bean and
pinto bean owing to high water absorption capacity
which prevented drying of seeds during germination.
Also pores it allowed the exchange of air with
environment. Since both water and air are essential
components for germination, therefore both proved to
improve the efficacy of germination.

In separating funnel, there are two holes for inlet
and outlet of air. However, seeds are stacked which
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reduced the passage of air circulation and remained
wet for prolonged period of time as water could not
evaporate through glass. This treatment showed
effective result in cow pea which is insignificant from
jute bag while muslin cloth dried seeds earlier due to
higher porosity of the cloth. In aluminum foil method the
seeds were first placed in wet muslin cloth and were
then covered with aluminum foil. Since foil acted as a
barrier for the escape of water, therefore it delayed the
drying of seeds during the course of germination. Both
these methods showed 100% germination and highest
percent inhibition scavenging activity in green gram
which was insignificantly different from other methods.
Germination of kidney bean, soy bean and adzuki
beans was not as efficient as observed for all legumes.
But they showed the highest percent germination in
jute bag. It could be attributed to the fact that the
aforementioned beans required more soaking and
germination time as their seed coats were hard enough
to allow ease of water penetration [18]. The results
revealed that a single technique could not be suitable
for all legumes rather different treatment times and
conditions were required for sprouting different
legumes. As previous studies showed that black gram,
green gram, lentils and cow pea showed efficient
germination in 24 hours [19, 20]. However, three to five
days were required for chick pea to achieve improved
sprouting, whereas pinto bean, adzuki bean, kidney
bean and soy bean required three to six days for
efficient sprouting [5, 18, 21, 22]. Thus, our results
corroborates with the aforementioned studies. The

m Percent germination

= Percent Inhibition
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Figure 1: Effect of different substrata on percent germination and percent inhibition scavenging activity.
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seeds differ in their germination condition due to
differences in their seed coats.

3.2. Effect of Different Techniques of Germination
on Radicle Size and Weight Gained

As in Table 1 green gram and lentils showed similar
radicle length irrespective of the method used for
sprouting, thus indicating higher germination capacity.
However, radicle lengths of lentils were less than green
gram. Black gram showed increased radicle length by
method jute bag and separating funnel. All legumes
except cow pea showed increased radicle length by
jute bag whereas cow pea showed the best root length
of 3.1cm when using filter paper as substrata. In Table
2, weight gain was found to be significantly high when
method Aluminium foil was employed for legumes
except desi chick pea and kidney bean. Increase in
moisture content in seeds without any passage of air or
moisture to escape allows higher weight gain. Similarly,
black gram seeds in muslin cloth which were covered
with two wet muslin cloths demonstrated the highest
gain of weight.

3.3. Effect of Different Germination Methods on
Total Phenolic Content (PC) of Legumes

Eleven legume’s extract from different germination
techniques differed significantly (p<0.05) in their total

phenolic content (TPC). Total phenolic content of the
germinated legumes are presented in Table 3. The
total phenolic content of germinated black gram, green
gram, lentils and cow pea was irrespective of the
methods used. Using jute bag, soy bean showed
significantly higher phenolic content in contrast to
beans germinated by others. Higher amount of
phenolic content is due to the fact that when jute bag
was used as substrata, percent germination was found
to be the highest. Thus, improvement in efficiency of
germination improved the phenolic content also. Pinto
bean had shown insignificant increase in phenolic
compounds as compared to control due to its lower
tendency to germinate. The phenolic content of
garbanzo bean, kabuli chick pea and desi chick pea
had not shown significant difference among various
methods used. The results suggested that, legumes
with dark seed coats showed insignificant increase in
phenolic compounds during germination. This is in
agreement with the results reported by Lin and Lai [23].
Every legume showed different concentration of
phenolic compounds that are irregularly distributed in
legume seed coat.

4. CONCLUSION

The present study revealed that legumes have
different germination capabilities and these capacities

Table 1: Effect of Different Methods on Radicle Length of Germinated Legumes*
Methods Black | Green Cow Lentils Desi Kabuli Garbanzo | Kidney Pinto Soy | Adzuki
gram gram pea chickpea | chickpea beans bean bean bean bean
Jute bag l.1c 2.5a 15a 0.6a 1.0c 0.7a 1.3d 1.4b 0.6¢ 1.4b 0.9d
Separating funnel 1.6bc 1.9a 1.7ab 0.4a 0.2a 1.0a 0.2a 1.7c 0.4ab 0.3a 0.la
Muslin cloth 1.4d 2.3a 2.2b 0.5a 0.7b 0.5a 1.0c 0.3a 0.3ab 0.4a 0.7cd
Filter paper l.1a 2.1a 3.1c 0.5a 0.7b 0.6a 1.2cd 1.3b 0.4bc 0.3a 0.4bc
Aluminium foil 1l.1a 2.8a 1.7ab 0.4a 0.9c 0.6a 0.7b 1.8b 0.2a 0.3a 0.3ab
*Values are the mean of three different replicates. Different alphabets within each column are significantly different at p<0.05.
Table 2: Effect of Different Methods on Weight Gained of Germinated Legumes*
Methods Black Green Cow Lentils Desi Kabuli Garbanzo | Kidney | Pinto Soy Adzuki
gram gram pea chickpea | chickpea beans bean bean bean bean
Jute bag 216.4b 239.4b | 228.3d | 197.5ab 208.5¢ 195.3b 234.8d 152.2b | 210.6¢c 210.3c 203.9b
Separating 206.7b | 207.7ab | 219.8b | 202.90b 220.8e 202.8c 223.2b 227.3d | 217.1d | 224.9d 212.7¢c
funnel
Muslin cloth 508.4b | 242.1bc | 214.4a | 175.2a 183.1b 192.0b 224.4c 116.3a | 202.8b | 184.2a | 203.4b
Filter paper 169.5a 192.4a | 224.3c | 182.5ab 176.3a 181.7a 216.0a 112.1a | 197.8a | 197.2b 184.7a
Aluminum foil 213.5b 262.2¢ | 230.3d 208.5b 210.5d 202.9c 239.1e 209.5¢c | 217.8d | 219.0cd | 210.3c

*Values are the mean of three different replications. Different alphabets within each row are significantly different at p<0.05.
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Table 3: Effect of Different Germination Methods on Total Phenols Expressed as mg gallic acid/gram of Germinated
Legumes*
Methods Black Green Cow Lentils Desi Kabuli Garbanzo | Kidney | Pinto Soy | Adzuki
(mg/g) gram gram pea chickpea | chickpea beans bean bean | bean bean
Control 1.5a 1.3a 0.8a 1.2a 1.5a 1l.4a 1.6a 1l.4a 1.6a 2.3a 1.7a
Jute bag 2.8b 1.8a 1.7b 1.6b 1.8b 2.0b 2.0b 1.8d 1.5a 6.3d 1.9b
Separating funnel 2.4b 1.7a 1.9b 1.7bc 1.8ab 1.8ab 1.9ab 1.7bd 1.9a 3.7b 1.7ab
Muslin cloth 2.4b 24a 1.7b 2.4d 1.8ab 1.8ab 2.0b 1.6bc 1.7a 4.2c 1.8abc
Filter paper 2.6b 1.6a 1.9b 1.8c 1.8b 1.8ab 2.0b 1.6bcd 1.7a 3.7b 2.0c
Aluminum foil 3.0b 2.0a 1.7b 1.9¢c 1.7a 1.9b 1.8ab 1.5ab 1.9a 3.6b 1.9bc

*Values are the mean of three different replicates. Different alphabets within each column are significantly different at p<0.05

could be optimized by employing different sprouting
procedures or changing the substrata. As efficient
germination depends on both intrinsic properties such
as seed hardness, seed color, nutritional composition
as well on extrinsic properties like soaking time,
substrata, temperature and air circulation. The results
revealed that a single method could not be applied for
all legumes rather different germination conditions were

required for sprouting different legumes. Thus,
improvement in efficiency of germination
simultaneously improved the phenolic content.

Therefore, optimization of germination condition of
legumes improves its antioxidant capacity. The present
study was an effort to suggest the best possible
sprouting method for eleven legumes.

ACKNOWLEDGEMENTS

We would like to acknowledge Dean Faculty of
Science, University of Karachi for funding this project.

REFERENCES

[1] Salunke B, et al. Efficacy of flavonoids in controlling
Callosobruchus chinensis (L.) (Coleoptera: Bruchidae), a
post-harvest pest of grain legumes. Crop Protection 2005;
24(10): 888-893.
http://dx.doi.org/10.1016/j.cropro.2005.01.013

[2] Oke J, Hamburger M. Screening of some nigerian medicinal
plants for antioxidant activity using 2, 2, diphenyl-picryl-
hydrazyl radical. African Journal of Biomedical Research
2002; 5(1-2).

[3] Honke J, et al. Changes in quantities of inositol phosphates
during maturation and germination of legume seeds.
Zeitschrift fur Lebensmitteluntersuchung und-Forschung A,
1998; 206(4): 279-283.
http://dx.doi.org/10.1007/s002170050257

[4] Ismail HA, Fawzy AM. Effect of salicylic acid and
propylgallate on antinutritional factors in pea(pisum sativum

L.) seed. Minia Journal of Agriculture Research an
Development 2001; 17: 139-158.

[5] Martin-Cabrejas MA, et al. Influence of germination on the
soluble carbohydrates and dietary fibre fractions in non-

6]

[

8l

19

[10]

[11]

(12]

(13]

[14]

[15]

[16]

(17]

conventional legumes. Food Chemistry 2008; 107(3): 1045-
1052.
http://dx.doi.org/10.1016/j.foodchem.2007.09.020

Rasha Mohamed K, et al. Effect of legume processing
treatments individually or in combination on their phytic acid
content. Afr J Food Sci Technol 2011; 2: 36-46.

Kestring D, et al. Imbibition phases and germination
response of Mimosa bimucronata(Fabaceae: Mimosoideae)
to water submersion. Aquatic Botany 2009; 91(2): 105-109.
http://dx.doi.org/10.1016/j.aquabot.2009.03.004

Duenas M, et al. Germination as a process to increase the
polyphenol content and antioxidant activity of lupin seeds
(Lupinus angustifolius L.). Food Chemistry 2009; 117(4):
599-607.

http://dx.doi.org/10.1016/j.foodchem.2009.04.051

Nout M, Ngoddy P. Technological aspects of preparing
affordable fermented complementary foods. Food Control
1997; 8(5): 279-287.
http://dx.doi.org/10.1016/S0956-7135(97)00001-7
Uwaegbute A, Iroegbu C, Eke O. Chemical and sensory
evaluation of germinated cowpeas (Vigna unguiculata) and
their products. Food Chemistry 2000; 68(2): 141-146.
http://dx.doi.org/10.1016/S0308-8146(99)00134-X

Aguilera Y, et al. Changes in Nonnutritional Factors and
Antioxidant Activity during Germination of Nonconventional
Legumes. Journal of Agricultural and Food Chemistry 2013;
61(34): 8120-8125.

http://dx.doi.org/10.1021/jf4022652

Herken EN, et al. Effect of storage on the phytic acid content,
total antioxidant capacity and organoleptic properties of
macaroni enriched with cowpea flour. Journal of Food
Engineering 2007; 78(1): 366-372.
http://dx.doi.org/10.1016/}.jfoodeng.2005.10.005

Btaszczak W, et al. Microstructural and biochemical changes
in raw and germinated cowpea seeds upon high-pressure
treatment. Food Research International 2007; 40(3): 415-
423.

http://dx.doi.org/10.1016/j.foodres.2006.10.018

Hallén E, Ibanoglu S, Ainsworth P. Effect of
fermented/germinated cowpea flour addition on the
rheological and baking properties of wheat flour. Journal of
Food Engineering 2004; 63(2): 177-184.
http://dx.doi.org/10.1016/S0260-8774(03)00298-X

Perveen A, et al. Comparative germination of barley seeds
(Hordeum vulgare) soaked in alkaline media and effects on
starch and soluble proteins. Journal of Applied Sciences and
Environmental Management 2008; 12(3).

Waterhouse AL. Determination of total phenolics. Current
Protocols in Food Analytical Chemistry 2002.

Marinova G, Batchvarov V. Evaluation of the methods for
determination of the free radical scavenging activity by




Effect of Different Technigues on Germination Efficacy

Journal of Basic & Applied Sciences, 2015 Volume 11 353

(18]

[19]

[20]

DPPH. Bulgarian Journal of Agricultural Science 2011; 17(1):
11-24.

Mbithi S, et al. Effects of sprouting on nutrient and
antinutrient composition of kidney beans (Phaseolus vulgaris
var. Rose coco). European Food Research and Technology
2001; 212(2): 188-191.
http://dx.doi.org/10.1007/s002170000200

Patel M, Venkateswara Rao G. Effect of Untreated, Roasted
and Germinated Black Gram (Phaseolus mungo) Flours on
the Physico-chemical and Biscuit (Cookie) Making
Characteristics of Soft Wheat Flour. Journal of Cereal
Science 1995; 22(3): 285-291.
http://dx.doi.org/10.1006/jcrs.1995.0065

Ghavidel RA, Prakash J. The impact of germination and
dehulling on nutrients, antinutrients, in vitro iron and calcium
bioavailability and in vitro starch and protein digestibility of

[21]

[22]

(23]

some legume seeds. LWT-Food Science and Technology
2007; 40(7): 1292-1299.
http://dx.doi.org/10.1016/j.Iwt.2006.08.002

Khattak AB, et al. Influence of germination techniques on
phytic acid and polyphenols content of chickpea (Cicer
arietinum L.) sprouts. Food Chemistry 2007; 104(3): 1074-
1079.

http://dx.doi.org/10.1016/j.foodchem.2007.01.022

Labaneiah M, Luh B. Changes of starch, crude fiber, and
oligosaccharides in germinating dry beans [Kidney beans,
cowpeas, nutritive value of bean sprouts]. Cereal Chemistry
(USA) 1981.

Lin P-Y, Lai H-M. Bioactive compounds in legumes and their
germinated products. Journal of Agricultural and Food
Chemistry 2006; 54(11): 3807-3814.
http://dx.doi.org/10.1021/{f0600020

Received on 04-03-2015

http://dx.doi.org/10.6000/1927-5129.2015.11.50

© 2015 Sattar et al.; Licensee Lifescience Global.
This is an open access article licensed under the terms of the Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc/3.0/) which permits unrestricted, non-commercial use, distribution and reproduction in

any medium, provided the work is properly cited.

Accepted on 06-05-2015

Published on 27-05-2015



