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Abstract 

The nutrient, fatty acid, and antinutrient composition of chickpea and cowpea obtained from organic (org) source and 
subjected to germination were evaluated in comparison with non-organic (n-org) counterpart. Fat content (range, 2.04-
5.89 %) of n-org legumes were higher. Germination significantly reduced the fat content in cowpea, though in chickpea 
no difference was seen, whereas, for ash and protein, it was vice versa. Dietary fiber content differed significantly 
between org (22.82 %) and n-org (20.23 %) chickpea. Mineral contents of org chickpea and n-org cowpea were higher. 
Germination significantly reduced the mineral content, except for copper and phosphorous. Differences in the fatty acid 
content of org and n-org samples were observed. Linoleic acid was the predominant fatty acid in chickpea (58.88-62.75 
%) and cowpea (36.08-40.43 %). In cowpea, germination significantly decreased the palmitic and α-linoleic acid and 
increased stearic, oleic, and linoleic acids whereas, in chickpea, no differences were seen. The TPUFA content was higher 
in germinated cowpea, whereas in chickpea it was unchanged. The enzyme activity (phytase, amylase, and protease) 
increased significantly upon germination and no significant differences between org and n-org legumes were observed. 
Phytic acid (PA) and saponin content of the org legumes was lower than n-org. Germination significantly reduced the 
PA content. The molar ratios of PA: minerals significantly improved upon germination indicating a better availability of 
iron and calcium. Significant differences between org and n-org legumes were observed, but no particular trend was 
seen to prove that org legumes are better in nutritional quality than n-org legumes. 
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1. Introduction

Legumes are the predominant source of protein in tropical and subtropical regions [1]. India is the largest producer and 
consumer (22 and 33% of total production respectively) of legumes in the world [2]. It has always been an integral part 
of the Indian dietary system contributing valuable nutrients. Legumes not only add diversity to the human diet, but also 
serve as a cheap protein source in developing countries like India, where the vegetarian population is prevailing [3].  

Chickpeas (Cicer arietinum) are one of the oldest and most widely consumed legumes in the world. Chickpea and its 
flour are being used extensively in food processing in many countries and it is a staple ingredient in South and Southeast 
Asian cuisines [4]. Cowpea (Vigna unguiculata), also known as black-eyed peas, Southern peas, and crowder peas are 
an important source of low-cost protein and energy. However, their wide use is limited by the presence of antinutritional 
factors which may have adverse effects on human or animal nutrition [5]. These antinutrients may include protease 
inhibitors, tannins, phytic acid, saponins, lectins, and flatus-producing oligosaccharides [6]. 

The nutritional quality of legumes can be enhanced by processing. It is believed that organically grown foods are 
superior in nutritional quality. Organic farming is not a recent evolution in agriculture; man has been practicing many 
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of the techniques that are used today for thousands of years [7]. Organically produced food is gaining interest 
throughout the world in response to concerns about conventional agricultural practices, food safety, and human health 
concerns. Research conducted globally has focused mainly on the effect of organic cultivation on parameters of soil or 
crop yield [8]. Recently, however, researchers have paid more attention to the assessment of nutrients in organic food. 

Germination is one of the simple, inexpensive processing techniques which improves the overall nutritional quality of 
legumes [9]. However, the effect of germination depends on the legume type and the conditions and duration of the 
germination process [10]. There are very limited studies comparing organic and non-organic foods and differences in 
processing. This study aims to compare the differences in nutritional and antinutritional properties between organic 
and non-organically grown germinated chickpea and cowpea. 

2. Material and methods 

Chickpea (Cicer arietinum, JG-11) and cowpea (Vigna unguiculata, C-512) samples were collected from certified organic 
(org) and non-organic (n-org) sources from similar growing conditions around Mysuru, India and cleaned from any 
foreign materials. The fatty acid standards were of analytical grade from Sigma (Sigma–Aldrich, India). All other 
chemicals and reagents used were of analytical grade. 

2.1. Processing of the samples 

Whole legume grains were divided into two parts, one part was used for germination and the other served as 
ungerminated control. Control grains were powdered and packed in polyethylene pouches. Briefly for germination, 
whole grain samples were soaked in distilled water (1:3) for 6 hrs and germinated for 48 hrs at room temperature by 
occasionally sprinkling the distilled water. At the end of germination, the grains were lyophilised, powdered and 
packaged in polyethylene (PE) pouches. All the samples were stored below 4°C for further analysis. 

2.2. Nutrient composition 

The protein content of the processed samples was analysed by Kjeldahl method and converted into protein by using 
Nx6.25, Soxhlet method was used to determine the fat content and ash content was determined gravimetrically by using 
muffle and moisture content was determined by oven drying method by following standard methods of AOAC [11]. The 
total dietary fiber (TDF) was determined by rapid enzymatic assay [12]. Briefly, the enzymatic hydrolysis was 
performed by taking 1.0 g of sample, gelatinizing in the presence of Termamyl (heat-stable α-amylase, 100 mg, boiled 
for 15 min, pH 6.0), treated with pepsin (100 mg, 40°C, 60 min, pH 1.5) and incubating with pancreatin (100 mg, 40°C, 
60 min, pH 6.8). The insoluble dietary fiber (IDF) was recovered by filtration with celite as a filter aid. Then soluble 
dietary fiber (SDF) was precipitated from the filtrate with four volumes of 95% ethanol and recovered by filtration. The 
non-structural polysaccharides (NSP) content was determined as the weight difference using moisture, protein, fat, and 
ash and total dietary fiber content data. The analytical values were evaluated from the mean of three determinations 
for each sample. 

2.3. Fatty acid profile of legume samples 

The extracted oil from the Soxhlet method was used for fatty acid profiling of processed samples. The lipids were trans-
methylated using 0.2 ml methanolic sodium hydroxide (2 M) followed by 2 M methanolic hydrochloric acid (0.2 ml) to 
obtain fatty acid methyl esters (FAME) residues. The gas chromatography (GC) method was followed for fatty acid 
profiling [13]. Briefly, FAME residues were dissolved in hexane, and precaution was taken to maintain concentrations 
of FAME. The analysis was carried out by GC (PerkinElmer Clarus 580, USA). A 1.0 µl of FAME was analysed using 
Omegawax™ 320 fused silica capillary column (30 m × 0.32 mm ID × 0.25 μm film thickness) with nitrogen as a carrier 
gas. The conditions used for GC analysis were; injection temperature of 250°C, flame ionization detector (FID) 
temperature of 260°C and column temperature of 240°C. The peaks were identified by comparing the retention time 
with authentic standards. The unknown FAME peak areas were computed, and the relative percentage of individual 
fatty acid was calculated. The data is presented as the mean of three analyses. 

2.4. Enzyme activities 

Phytase activity was measured by using the method of Egli et al. [14]. Briefly, 1.0 g of sample was added to 20 ml 0.1 M 
Tris-acetate buffer pH 5.0 containing 7.5 mM phytic acid. The 0.5 ml aliquots were taken every 20 min for 1 h at 45°C 
under constant stirring and the reaction was terminated by adding 0.5 ml 0.9 M trichloroacetic acid (TCA). Inorganic 
phosphate (Pi) was determined colorimetrically [15]. Phytase activity was calculated by linear regression of the Pi 
determined for each time point. Phytase activity is expressed in phytase units (PU) per g of grains or seeds. One PU is 
equivalent to the enzymatic activity that liberates 1.0 µmol Pi per min. 
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Amylase activity was tested according to Bernfeld [16]. A 1 % starch solution in sodium acetate buffer (50mM, pH 4.8) 
was incubated with appropriate aliquots of the enzyme extracts at 37°C for 30 min. the reaction was terminated by 
adding 3, 5-dinitrosalicylic acid reagent and read at 540 nm. Reducing sugars were calculated from a standard curve of 
maltose. One unit of enzyme activity was defined as a micromole of maltose equivalent released per min under the assay 
conditions. 

The protease activity of the samples was analysed by the method of Müntz [17]. Briefly, 0.5 ml of 1% casein in distilled 
water incubated at 37°C. The reaction was initiated by the addition of 0.1 ml of enzyme extract and stopped by the 
addition of 1.0 ml of 10% TCA. The precipitate was removed by filtration, and the quantity of released peptides and 
amino acids was determined by the Lowry method. Appropriate blanks were maintained and, the specific enzyme 
activity was defined as units per milligram of protein where 1 U of enzyme activity liberates 1 mg of protein equivalents 
per h. 

2.5. Anti-nutrients 

Phytic acid (PA) contents of defatted legume flours were determined by the method of Haug and Lantzsch [18]. The 
phytic acid content was calculated from a calibration curve using phytate phosphorus salt. Total saponin (triterpenoid 
and steroidal) content was determined using a spectrophotometric method [19]. Sample (0.5 g) was extracted with 80 
% aqueous methanol, and the results were expressed as mg diosgenin equivalent/g using diosgenin in 80 % aqueous 
methanol as standard. Oxalic acid was estimated by the titration method as described by Agbaire and Emoyan [20]. A 
1.0 g of sample was weighed into 100 ml conical flask, 75 ml 3 M H2SO4 was added and stirred for 1 h with a magnetic 
stirrer. This was filtered using a Whatman No 1 filter paper. A 25 ml of the filtrate was then taken and titrated while hot 
against 0.05 M KMnO4 solution until a faint pink colour persisted for at least 30 s. The oxalate content was then 
calculated by taking 1ml of 0.05 M KMnO4 as equivalent to 2.2 mg oxalate. 

2.6. Statistical analysis 

All measurements were carried out in triplicate. Data obtained were analysed using a t-test at p<0.05. All statistical 
analyses were performed using statistical software Statistica’99 (StatSoft, Tulsa, OK, USA). 

3. Results and discussion 

3.1. Nutrient composition 

The nutrient composition of legume samples is presented in Table 1. The moisture content of the legumes was in the 
range of 5.45-8.4%. The fat content of org and n-org chickpea control (5.55-5.89%) and cowpea (2.04-2.14%) exhibited 
significant differences; upon germination, it decreased for cowpea (1.66, and 1.53%) and showed an insignificant 
increase for chickpea. The n-org control chickpea fat content was higher when compared with the study of Uppal and 
Bains [21] while in the case of cowpea the results were comparable. Higher fat in chickpea flour improves the capacity 
of flour to absorb and retain oil, improves binding of the structure, enhances flavour retention, improves mouthfeel, and 
reduces moisture and fat losses in food products [22]. Ash content of chickpea and cowpea exhibited variations between 
org and n-org samples. A decrease in ash content was observed upon germination in org and n-org chickpea whereas it 
did not differ for cowpea. Ash content values of n-org control chickpea were in agreement whereas cowpea ash content 
was higher when compared with an earlier report [21]. 

 The protein content of chickpea did not differ significantly between org and n-org samples whereas cowpea exhibited 
significant differences. Germination increased protein content significantly for all samples. The protein content of n-org 
control chickpea was lower when compared with the literature values, this may be due to the varietal differences 
between the samples, whereas cowpea protein content was comparable. A similar increase in protein content during 
germination was also observed by Uppal and Bains [21]. The protein quality of chickpea and cowpea are very high, as it 
contains greater amounts of essential amino acids, the essential and non-essential amino acid ratios are 0.99 and 1.03 
respectively, which provide a cheap and concentrated source of proteins with essential amino acids [23]. Germination 
improves the nutritional quality of protein by breaking down into simpler units with protease activity [9].  

TDF content differed significantly between org (22.92%) and n-org (20.23%) control and germinated chickpea whereas, 
in cowpea, no differences were seen. IDF content significantly reduced upon germination for org and n-org cowpea, 
though, in case of chickpea an increase in fiber content was observed. Germination brought significant changes in SDF 
content with an increase. Dietary fiber helps in decreasing intestinal transit time, maintenance of rich and diverse gut 
microbes, lowering of blood total cholesterol levels, and reduction in post-prandial blood glucose levels [24]. The results 
of the n-org control chickpea TDF content are in agreement with the earlier report of Longvah et al. [25], cowpea TDF 
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was found to be higher when compared, and this may be due to the varietal differences between the samples. The non-
structural polysaccharides content of the legumes ranged from 46.48-53.98%, significant differences between org and 
n-org legumes were not observed for cowpea whereas in chickpea differences were observed. The NSP content of n-org 
control chickpea was high. Starch, a major constituent of available carbohydrates in legumes, is known to possess low 
digestibility. This may be ascribed to chain length and amount of amylose present [26]. 

Table 1 Nutrient composition of control and germinated chickpea and cowpea from organic and non-organic sources 
(Dry weight basis) 

Parameter Sample 
Organic 
Chickpea 

N 
Non-organic 
Chickpea 

Organic 
Cowpea 

N 
Non-organic 
Cowpea 

Moisture (%) 
Con. 5.45±0.02* * 6.51±0.37* 7.71±0.13* * 6.97±0.34* 

Germ. 8.4±0.0 * 7.65±0.04 6.53±0.02 * 7.25±0.44 

Fat (%) 

  

Con. 5.55±0.01ns * 5.89±0.21ns 2.04±0.04* * 2.14±0.03* 

Germ. 5.71±0.2 * 6.27±0.15 1.66±0.02 * 1.53±0.03 

Ash (%) 

  

Con. 3.19±0.03* * 2.74±0.00* 4.10±0.04ns * 4.21±0.03ns 

Germ. 2.97±0.05 * 2.51±0.04 4.34±0.3 ns 4.27±0.04 

Protein (%) 
Con. 17.67±0.1* ns 17.16±0.2* 23.92±0.08* * 24.45±0.08* 

Germ. 18.37±0.4 * 17.62±0.1 26.19±0.32 ns 26.27±0.0 

Dietary fiber (%) 
Con. 22.92±1.9* * 20.23±0.4* 21.62±0.8ns ns 21.66±1.2ns 

Germ. 26.50±0.9 * 23.58±0.7 20.50±0.7 ns 20.47±0.7 

Insoluble dietary 
fiber 

Con. 18.47±1.0ns * 14.90±0.5* 17.80±0.5* ns 16.99±1.0* 

Germ. 18.72±0.8 * 16.35±0.6 13.18±0.6 ns 13.73±0.4 

Soluble dietary fiber 
Con. 4.36±0.1* * 5.33±0.05* 3.81±0.2* * 4.67±0.3* 

Germ. 7.77±0.1 * 7.23±0.2 7.32±0.1 * 6.75±0.4 

Non-structural 
polysaccharides^ (%) 

Con. 50.77±0.1* * 53.98±0.05* 48.32±0.2* ns 47.54±0.03* 

Germ. 46.45±0.1 * 50.02±0.1 47.31±0.3 ns 47.46±0.04 
Con: Control, Germ: Germinated. 

*denotes the significant differences between control and germinated samples, ns: not significant. 
Column ‘N’ denotes the significant differences between organic and non-organic samples. 

^By difference as 100-(moisture + protein + ash + fat+ dietary fiber) 

Table 2 Mineral composition of chickpea and cowpea upon germination (mg/100g) (Dry weight basis) 

Parameter Sample 
Organic 
Chickpea 

N 
Non-organic 
Chickpea 

Organic 
Cowpea 

N 
Non-organic 
Cowpea 

Iron (Fe)  
Con. 10.7±0.34* * 9.63±0.56* 9.32±0.65* * 11.62±0.33* 

Germ. 7.82±0.14 * 6.76±0.01 8.54±0.07 ns 8.58±0.05 

Zinc (Zn)  
Con. 5.86 ± 0.4ns ns 5.53 ± 0.22ns 4.35 ± 0.05ns * 5.43 ± 0.17* 

Germ. 5.28±0.07 ns 5.41±0.06 4.21±0.1 * 4.71±0.04 

Calcium (Ca)  
Con. 180.48 ± 4.13* * 151.15 ± 1.54* 76.08 ± 2.78* * 96.19 ± 0.95* 

Germ. 101.8±4.5 * 97.6±1.1 41.8±1.4 * 33.4±1.5 

Copper (Cu)  
Con. 0.95 ± 0.02* * 0.84 ± 0.06* 0.41 ± 0.02* * 0.49 ± 0.03* 

Germ. 1.0±0.0 * 1.22±0.0 0.65±0.0 * 0.53±0.0 

Phosphorous 
(P)  

Con. 244.9±1.5* * 239.02±1.44* 474.2±3.72* * 417.38±3.61* 

Germ. 268.64±1.44 * 256.38±2.89 481.61±0.72 * 469.19±0.72 
Con: Control, Germ: Germinated. 

*denotes the significant differences between control and germinated samples, ns: not significant. 
Column ‘N’ denotes the significant differences between organic and non-organic samples. 

The mineral content of the control and germinated org and n-org chickpea and cowpea are shown in Table 2. Iron 
content differed significantly between org and n-org chickpea and cowpea, and on germination, a significant decrease 
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in the iron content of both the legumes was observed. Similar decreases in iron content after germination was seen in 
pigeon pea, black bean, and white beans [27]. Zinc content did not vary in the case of chickpea, whereas in the case of 
cowpea it varied between the org and n-org in control and germinated samples. Differences in calcium content between 
org and n-org chickpea and cowpea were observed. Germination significantly reduced the calcium content in both the 
legumes. When compared with earlier reports of Bains et al. [28] iron and zinc content were found to be higher, calcium 
content was similar. Reduction in the mineral constituents upon germination was observed, which is comparable with 
the earlier reports [28]. Copper content significantly differed between org and n-org chickpea and cowpea in control 
and germinated samples. A significant increase in copper content was observed after germination in both legumes, a 
similar increase in copper was observed in faba beans [29]. These control legume values are comparable to the literature 
values [25]. Phosphorous content of org legumes was found to be higher when compared with n-org, germination 
resulted in a significant increase in phosphorous content for both the legumes. This increase in the phosphorous content 
is due to the degradation of phytic acid by phytases during germination, similar results in black gram were observed by 
Reddy et al. [30]. Chickpea phosphorous values are comparable to the literature whereas cowpea was higher [23]. The 
mineral content variations between org and n-org chickpea and cowpea could be due to the differences in soil nutrition. 

3.2. Fatty acid profile 

Table 3 Fatty acid profile of chickpea and cowpea from organic and non-organic sources upon germination (%) 

Fatty acid Sample 
Organic 
Chickpea 

N 
Non-organic 
Chickpea 

Organic 
Cowpea 

N 
Non-organic 
Cowpea 

Palmitic 
acid(16:0) 

Con. 9.06±0.0ns * 9.25±0.1ns 27.25±0.4* * 24.33±0.9* 

Germ. 8.99±0.2 ns 9.12±0.2 22.72±0.4 * 20.75±1.2 

Stearic acid(18:0) 
Con. 0.40±0.0ns ns 0.39±0.0ns 2.87±0.0* * 3.56±0.0* 

Germ. 0.47±0.0 * 0.43±0.0 2.98±0.0 * 3.71±0.0 

Oleic acid(18:1n9) 
Con. 22.86±0.3ns * 24.77±0.7* 17.22±0.1* * 20.66±0.1* 

Germ. 22.59±1.7 * 25.87±0.4 19.33±0.8 * 21.77±0.5 

Linoleic 
acid(18:2n6) 

Con. 61.06±1.0ns ns 59.19±1.2ns 33.09±1.0* * 31.3±1.0* 

Germ. 59.96±1.2 * 57.26±1.4 37.21±1.2 * 35.28±0.0 

α-Linolenic 
acid(18:3n3) 

Con. 1.69±0.0ns * 1.61±0.0ns 3.4±0.0* * 4.78±0.0* 

Germ. 1.71±0.0 * 1.62±0.0 3.22±0.0 * 4.26±0.0 

TSFA 
Con. 9.46±0.0ns * 9.64±0.0ns 30.09±0.0* * 27.89±0.1* 

Germ. 9.46±0.0 * 9.68±0.0 25.7±0.0 * 24.46±0.2 

TMUFA 
Con. 22.86±0.3ns * 24.77±0.7* 17.22±0.1* * 20.66±0.1* 

Germ. 22.59±1.7 * 25.87±0.4 19.33±0.8 * 21.77±0.5 

TPUFA 
Con. 62.75±1.2ns ns 60.8±1.0ns 36.49±0.4* ns 36.08±0.0* 

Germ. 61.67±0.8 * 58.88±1.1 40.43±0.3 ns 39.54±0.5 
Con: Control, Germ: Germinated, TSFA: Total saturated fatty acids, TMUFA: Total monounsaturated fatty acids and TPUFA: Total polyunsaturated 

fatty acids. 
*denotes the significant differences between control and germinated samples, ns: not significant. 

Column ‘N’ denotes the significant differences between organic and non-organic samples. 

Table 3. Represents the fatty acid profile of chickpea and cowpea. Significant differences in fatty acids between control 
org and n-org chickpea and cowpea were observed except for chickpea stearic acid and linoleic acid. Linoleic acid was 
the predominant fatty acid in chickpea (58.88-62.75%) and cowpea (36.08-40.43%). Reduction in the palmitic acid and 
α-linoleic acid contents was observed upon germination in cowpea, whereas in chickpea significant change was not 
seen. Stearic acid, oleic acid, and linoleic acid contents increased upon germination in cowpea whereas in chickpea they 
did not vary significantly. The total saturated fatty acid (TSFA) content of n-org chickpea and org cowpea were higher 
when compared with their respective counterparts. While upon germination the TSFA content of org and n-org cowpea 
reduced significantly, in chickpea it was unchanged. Total monounsaturated fatty acid (TMUFA) content of n-org 
chickpea and org cowpea were higher when compared with their respective counterparts. Germination resulted in 
increased in TMUFA content in org and n-org cowpea, whereas in chickpea it was unchanged. No significant differences 
were observed in Total polyunsaturated fatty acid (TPUFA) content between org and n-org chickpea and cowpea. The 
TPUFA content significantly increased upon germination in org and n-org cowpea, whereas in chickpea it was 
unchanged. Germination for longer duration may increase the TMUFA and TPUFA content and reduce the TSFA, which 
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are beneficial for human health. The literature results of control chickpea palmitic acid (10.87%), stearic acid (1.85%), 
oleic acid (33.51%) and α-linolenic acid (2.41%) contents were slightly higher, whereas linoleic acid (49.74%) content 
was lower when compared with the present study. TSFA (13.7%) and MUFA (34.2%) were higher and TPUFA (52.1%) 
was lower than the current study [31]. Fatty acids are essential components of the body that help maintain a normal 
physiological function and a protective response to pathological stimuli [32]. Chickpea exhibits hypocholesterolemic 
effect due to its high content of essential fatty acids particularly linolenic and linoleic [26]. Oleic acid is a MUFA(ω-9) 
that is essential in human nutrition and helps to reduce levels of LDL-cholesterol, total cholesterol and glycemic index 
[33], and in the present study TMUFA in chickpea and cowpea exhibited significant qualities and germination of cowpea 
exhibited an increase in quantity which may be beneficial for human health.  

3.3. Enzyme activities 

Table 4 Enzyme activities of chickpea and cowpea upon germination 

Enzyme 
activity 
(U/g) 

Sample 
Organic 
Chickpea 

N 
Non-
organic 
Chickpea 

Organic 
Cowpea 

N 
Non-organic 
Cowpea 

Phytase 
activity  

Con. 0.22±0.00* ns 0.21±0.01* 0.34±0.01* ns 0.33±0.02* 

Germ. 0.58±0.01 ns 0.59±0.01 0.71±0.00 ns 0.69±0.02 

Amylase 
activity 

Con. 6.2±0.50* ns 6.5±0.30* 18.1±0.1* ns 17.5±0.5* 

Germ. 22.1±1.0 ns 20.5±0.8 100.2±2.5 * 90.5±4.3 

Protease 
activity 

Con. 1.57±0.01* ns 1.6±0.03* 0.90±0.0* ns 0.92±0.01* 

Germ. 2.30±0.05 ns 2.35±0.05 2.6±0.15 ns 2.75±0.09 

Con: Control, Germ: Germinated. 
*denotes the significant differences between control and germinated samples, ns: not significant. 

Column ‘N’ denotes the significant differences between organic and non-organic samples. 

Enzyme activities of the control and germinated legumes are presented in Table 4. The phytase activity of the 
germinated legumes was in the range of 0.21-0.71 U/g. Germination significantly increased phytase activity in both the 
legumes. No significant differences were observed between org and n-org chickpea or cowpea. An increase in the 
phytase activity after germination is beneficial in degrading the phytase content of the grains which may improve 
mineral bioavailability. Amylase activity of org and n-org chickpea and cowpea were similar except for germinated 
cowpea. Germination significantly increased the amylase activity of the legumes, cowpea exhibited the highest amylase 
activity when compared to chickpea. Protease activity significantly increased upon germination, and no significant 
differences were observed between org and n-org legumes. These results are in agreement with the earlier report of 
Ghavidel et al. [34].  

3.4. Anti-nutrients 

Anti-nutrient factors and molar ratios of minerals are presented in Table 5. Oxalic acid content was in the range of 7.22 
to 14.28 mg/100g. Germination significantly increased the oxalic acid content. These results of control n-org chickpea 
and cowpea oxalic acid were comparable with the total oxalic acid of an earlier report of Longvah et al. [25]. A similar 
increase in oxalic acid during the germination of wheat was reported by Steve [35]. PA content of org chickpea found to 
be significantly lower than the n-org, whereas no significant differences were observed in the case of cowpea. 
Germination significantly reduced the PA content of both the legumes. El-Adawy [36] and Ibrahim et al. [5] observed a 
similar decrease in phytic acid content upon germination. The saponin content of control org legumes was found to be 
significantly lower than n-org grown. Germination significantly decreased the saponin content of legumes. A similar 
reduction in saponin content in chickpea upon germination was observed by El-Adawy [36]. The decrease in phytic acid 
improves mineral bioavailability and reduction in saponins decreases the off-taste and hemolytic property. The molar 
ratios of PA with minerals exhibited significant differences between org and n-org chickpea and cowpea except in the 
case of PA:Ca:Zn for cowpea. Germination brought a significant reduction in PA because of increased activity of phytase, 
this resulted in the reduction of the molar ratios of PA:Fe, PA:Zn of org and n-org chickpea (8.45,10.24 to 5.51,7.25; 
18.09,20.96 to 9.57, 10.62 respectively) and cowpea (11.97,10.91 to 9.31,8.08; 30.07, 27.37 to 22.12,17.25 respectively). 
The PA:Ca ratio of the chickpea reduced significantly upon germination but whereas in cowpea it increased. The 
PA:Ca:Zn ratio is the better indicator of zinc bioavailability molar ratios above 50 mM/100 g dry diet may be of concern 
for poor zinc status [37]. Zinc availability upon germination is improved for chickpea, though in case of cowpea it 
decreased, this may be due to the significant loss in calcium upon germination of cowpea. Overall the bioavailability of 
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minerals improved significantly upon germination except for cowpea PA:Ca:Zn. Germination for longer durations may 
reduce the phytic acid content furthermore and increase the availability of minerals. 

Table 5 Effect of growing conditions and germination on antinutrients of chickpea and cowpea  

Antinutrient Sample 
Organic 
Chickpea 

N 
Non-organic 
Chickpea 

Organic 
Cowpea 

N 
Non-
organic 
Cowpea 

Oxalic acid 
mg/100g 

Con. 7.22±0.24* ns 7.41±0.43* 13.73±1.43ns ns 13.24±0.24ns 

Germ. 8.28±0.19 ns 8.26±0.24 14.28±1.19 ns 13.58±1.19 

Phytic acid g/100g 
Con. 1.07±0.07* * 1.17±0.05* 1.32±0.21* ns 1.5±0.19* 

Germ. 0.51±0.09 * 0.58±0.02 0.94±0.08 * 0.82±0.00 

Saponins  
mg /100g 

Con. 68.23±4.29* * 78.63±3.02* 338.5±6.18* * 472.2±5.36* 

Germ. 52.11±1.46 * 61.26±2.32 201.8±9.65 * 213.7±5.06 

Phytic acid (PA) and mineral ratios 

PA:Fe 
Con. 8.45 - 10.27 11.97 - 10.91 

Germ. 5.51 - 7.25 9.31 - 8.08 

PA:Zn 
Con. 18.09 - 20.96 30.07 - 27.37 

Germ. 9.57 - 10.62 22.12 - 17.25 

PA:Ca 
Con. 0.36 - 0.47 1.05 - 0.95 

Germ. 0.30 - 0.36 1.36 - 1.49 

PA:Ca:Zn 
Con. 19.86 - 22.38 34.97 - 34.53 

Germ. 31.72 - 33.9 61.6 - 86.25 
Con: Control, Germ: Germinated. 

*denotes the significant differences between control and germinated samples, ns: not significant. 
Column ‘N’ denotes the significant differences between organic and non-organic samples 

4. Conclusion 

Org and n-org legumes showed significant differences in the nutrient composition of chickpea and cowpea except in the 
case of protein for chickpea and NSP content in cowpea. Germination brought significant changes in macronutrient 
content, except fat and IDF of chickpea and ash and the fiber content of the cowpea. A significant increase in soluble 
fiber content was observed in both the legumes which are beneficial for human health. Org chickpea exhibited 
significantly higher mineral content when compared with n-org chickpea, whereas n-org cowpea exhibited higher 
mineral content, except for phosphorous. Germination significantly reduced the mineral content except for copper and 
phosphorous. The fatty acid content of org and n-org chickpea and cowpea varied significantly except for stearic, linoleic 
acid of chickpea, and TMUFA of both legumes. Germination increased TMUFA and TPUFA contents in the cowpea which 
promotes the lowering of LDL cholesterol and glycemic index. Enzyme activities did not show greater differences 
between the org and n-org, whereas upon germination their activity significantly increased. Anti-nutrient factors were 
greatly affected by germination, a significant reduction in phytic acid and saponin content was observed whereas oxalic 
acid content increased. The molar ratios of PA:Fe, PA:Ca, and PA:Zn reduced significantly upon germination and may 
promote better availability of minerals. Growing conditions and germination influenced the nutritional and nutritional 
factors of legumes, but no particular trend was seen to prove that org legumes are better in nutritional quality than n-
org legumes.  
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