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A B S T R A C T   

The effect of gaseous ozone (500–1000 ppm) treatment on the protein, amino acid, and fatty acid profiles, 
mineral content, and the microstructure of the chickpea grains were evaluated. Though protein content was not 
altered significantly, SDS PAGE profiling exhibited minor modifications in the protein bands of the treated 
chickpea. The essential amino acids (EAA) and total amino acids (TAA) slightly decreased, ratio of EAA to TAA 
increased, while the calculated protein efficiency ratio decreased. Significant decrease in the S–H content and 
non-significant increase in S–S content was observed at higher doses of ozone. The overall saturated and un-
saturated fatty acids (%) were in the range of 13.05–13.49 and 86.51–87.61, respectively. The minerals were 
stable and the HCl extractability decreased in the ozonated samples. There was some minor degradation of 
intracellular cell wall and distribution of starch and protein bodies in the ozonated sample.   

1. Introduction 

Pulses or legumes are a rich source of vegetarian protein (20–25%) as 
compared to cereal proteins (10–12%); cater to the pre-dominantly large 
vegetarian population of India and other countries with a paucity of 
high-quality animal protein availability. Among the pulse crops, 
chickpea is considered as the second most important pulse crop, which is 
grown in almost thirty-five countries all over the world. Chickpea 
mainly contains carbohydrates (51–65 g/100 g), protein (17–22 g/100 
g), minerals (391–1699 mg/100 g), vitamins (0.3–300 mg/100 g), di-
etary fiber (19–23 g/100 g), folate (150–557 µg/100 g), β-carotene (25 
mg/100 g) and health-promoting fatty acids (2.70–6.48%) (Badshah , 
Khan, Bibi, Khan, & Ali, 2003; Tosh & Yada, 2010). 

This crop is highly susceptible to pulse beetle attack, which can start 
from the field itself and extend the damaging act during the entire 
storage period. Currently, chemical-based fumigation is being practiced 
all over the world as a popular disinfestation measure. Since the avail-
able pesticides are not so environment friendly, their use in the stored 
products is drawing a lot of apprehensions. This is the very reason why 
food and grain handlers are looking forward to alternative techniques 

for controlling insects and spoilage pathogens in stored products that 
would leave no or minimum chemical residue. In such a case, ozone (O3) 
gas can be a better alternative to traditional chemical-based fumigants. 
Ozone is considered a powerful oxidant, which can penetrate large 
masses of grain (Tiwari et al., 2010) and has the capability of controlling 
insects and, moulds, as well as reducing mycotoxins (Wang, Shao, Luo, 
Wang, Li, Li, Luo, & Chen, 2016). Being unstable, O3 gas quickly de-
grades into oxygen (O2) without leaving any chemical residues in a short 
period (McClurkin & Maier, 2010), which makes it a suitable candidate 
as a residue-free fumigant and approved by the Food and Drug Admin-
istration (FAO) for fumigation of grains and fruits and vegetables. This 
leaves a pertinent question, whether the O3 gas will negatively affect the 
nutritive and functional qualities of the commodity in question? Most 
studies on ozone treatment corroborated the fact that there is no adverse 
effect on the nutritional and functional qualities of the grains. Non- 
significant changes were observed for the protein content, amino acid 
(AA) content, starch content, fatty acid (FA) profile, mineral content, 
carbonyl content, carboxyl content, popping, baking, milling qualities, 
pasting properties and swelling power of ozone-treated wheat, soybean, 
rice, corn (Freitas, Faroni, Queiroz, Heleno, & Prates, 2017; Mendez, 
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Maier, Mason, & Woloshuk, 2003; Wang et al., 2016). However, some 
researchers reported minor alterations in the AA profile, microstructure 
and pasting properties of rice and wheat (Lee, Kim, Kwak, Lim, & Kim, 
2017; Mei, Liu, Huang, & Ding, 2016). On the contrary, Rakcejeva, 
Zagorska, and Zvezdina (2014) reported a significant decrease in the 
AAs in the wheat-based products, on ozone treatment. 

Since limited research findings are available on ozone treatment to 
protein-rich legume/pulse crops, the present investigation has been 
undertaken to determine the effect of gaseous ozone on the protein 
profile, amino acid profile, fatty acid profile, mineral content, and 
microstructure of whole-grain chickpea. 

2. Materials and methods 

2.1. Raw materials 

The freshly harvested chickpea (JG-12) grains, grown during Rabi 
season (January 2017- March 2017) were collected from the ICAR- 
Central Institute of Agricultural Engineering Farm, Madhya Pradesh, 
India. The chickpea grains were cleaned manually to remove all the 
unwanted materials such as dust, dirt, chaffs, and immature grains, 
without any visible sign of infestation and stored at low-temperature 
conditions (5 ◦C), till experimentation. 

2.2. Chemicals and reagents 

Analytical grade chemicals used in the experiments were procured 
from Sigma Chemical Co. (USA). The kits used for AA and fatty acid 
analysis were obtained from Waters India Pvt. Ltd. (India), and Sigma 
Chemical Co. (USA), respectively. 

2.3. Ozone treatment system for chickpea 

The ozone fumigation arrangement consists of an oxygen concen-
trator, an ozone generator, a voltage regulator, a grain treatment 
chamber and an ozone sensing setup (see Supplementary file Fig. S1). 
The ozone generator emits ozone gas with the insertion of the oxygen 
having a purity of 99.9 percent (Model No.HG5, Power consumption −
750 W, Oxygen flow rate – 5 LPM maximum; Oxygen pressure − 20–100 
PSIG). The grain treatment chamber was fabricated with acrylic material 
with a dimension of 450 mm: height, width: 300 mm, and 4 mm: 
thickness. A flange (100 mm diameter) was provided at the top of the 
acrylic chamber for the loading of chickpea grains. The acrylic chamber 
also has been provided with an inlet and an outlet ball valve (5 mm 
diameter) for the inlet and outlet of ozone gas. The grain inlet, the ozone 
gas inlet, and all the joints of the chamber were sealed with silicone gel 
to avoid the leakage of ozone gas. The concentration of ozone was 
measured using an ozone gas sensor (MQ131), calibrated against an 
ozone analyzer. The ozone sensor was equipped with a microcontroller 
(AT Mega 328), LCD screen (16 × 2), SD card adapter module, buzzer, 
and other minor accessories. 

The ozone fumigation of the whole chick pea samples (2.5 kg) was 
carried out for consecutive 5 days, with an exposure period varying 
between 20 and 30 min/day, till the desired ozone concentration of 500 
ppm, 750 ppm or 1000 ppm is reached in the chamber. The chickpea 
sample without ozone treatment was considered as control. The ozo-
nated as well as control samples were stored in zip lock LDPE pouches 
(75µ), 2.5 kg capacity, at the room temperature. Moisture content was 
measured before and after the storage period for protein content anal-
ysis, in triplicate, following AOAC-935.29 method. 

2.4. Quality analysis 

2.4.1. Protein content 
The protein content of chickpea on 0, 30 and 60 days of storage at 

ambient condition, was determined for the control and ozonated 

samples. The chickpea samples were ground to a fine powder by the 
analytical mill. The powdered samples were sieved through 100 mesh 
size and about 250 mg sample was taken from each treatment for the 
estimation of protein. The protein content of the samples was deter-
mined using the Kjeldahl method as total nitrogen by multiplying a 
factor of 5.40 for chickpea sample (Mariotti, Tomé, & Mirand, 2008). 
The samples were analyzed in triplicate. The protein content was 
expressed in dry weight basis. 

2.4.2. Sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS- 
PAGE) 

SDS-PAGE analysis of the ozone treated and control chickpea sam-
ples were carried out according to the modified method of Li et al. 
(2012). About 50 mg of the chick pea samples were used for preparation 
of heat denatured protein, while for protein separation 10% of separa-
tion gel (pH 8.8) and 5% stacking gel (pH 6.8) were used. The heat 
denatured protein samples (5 µL) were loaded into each well and elec-
trophoresis was performed at continual current of 35 mA and 120 V 
during the run. Coomasie brilliant blue R-250 dye solution was used for 
protein staining. 

2.4.3. Amino acid profiling: 
The ozone treated and the control sample was subjected to amino 

acid (AA) profiling by the hydrolysis method by taking a sample with at 
least 5 mg protein (Chavan, McKenzie, & Shahidi, 2001). To hydrolyze 
the sample protein into its constituent AAs, the samples were acid- 
digested with constant-boiling with 6 N hydrochloric acid at 110 ◦C 
for 24 h and derivatized using AccQ Tag Ultra reagents as a procedure 
followed by Mohapatra, Patel, Kar, Deshpande, and Tripathi (2019). For 
analysis of tryptophan, hydrolysis was carried using NaOH for 22 h at 
110 ◦C following the procedure of Sarika, Hossain, Muthusamy, Baveja, 
Zunjare, Goswami, and Gupta (2017). 

The samples were eluted through Acclaim TM 120 C18 column (5 
µm, 120 Å, 4.6 × 150 mm, Thermo Scientific) and the instrumental 
parameters were as follows: column temperature = 60 ◦C, injection 
volume = 1.0 μL, detection = UV @ 260 nm, and flow rate = 0.7 mL/ 
min. Milk casein was used as the reference material. Data analysis was 
done using Empower™ Software. The ratio of the essential amino acid 
(EAA) to total amino acids (TAA) and Predicted Biological value (BV) 
were calculated using the expressions developed by Morup, Morup, and 
Olesen (1976). The Protein Efficiency Ratio (PER) was calculated ac-
cording to the equations 1 and 2 developed by Alsmeyer, Cunningham, 
and Happich (1974) as cited by Chavan et al. (2001). The sample were 
analysed in duplicate. 

PER1 = − 0.684+ 0.456(LEU) − 0.047(PRO)⋯(1)

PER2 = − 0.468+ 0.454(LEU) − 0.105(TYR)⋯(2)

2.4.4. Free Sulfhydryl group (SH) and Disulfide bond (SS) contents 
The free SH and SS contents of the chickpea protein samples (ozone 

treated and untreated) were determined according to the method 
described by Deng et al. (2019). 75 mg sample was and dissolved in 10 
mL of Tris-Glycine buffer (0.086 M Tris, 0.09 M glycine, 0.004 M EDTA, 
pH = 8.0) containing urea (8 M) followed by gentle stirring overnight. 
To determine SH, 1 mL of protein solution was added to 4 mL of Tris-Gly 
buffer and 50 μL of Ellman’s reagent (5,5′-dithio-bis-2-nitrobenzoic acid 
in the Tris-Gly buffer, 4 mg/mL) were added to it and sample was un-
disturbed for 20 min. The absorbance of the supernatant was noted at 
412 nm in UV-1800 spectrophotometer (Shimadzu, Japan). For deter-
mining total SH content (SH and reduced SS), 2- Mercapto ethanol (0.05 
mL) and Tris-Gly buffer (4 mL) were added to 1 mL of protein solution 
followed by incubation in 12% tri-chloroacetic acid (10 mL) and 
centrifugation at 5000g for 10 min. The precipitate were washed twice 
with 12% tri-chloroacetic acid and centrifuged to remove 2- Mercapto 
ethanol and the precipitated proteins were dissolved in Tris-Gly buffer 
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(10 mL). The Ellman’s reagent (0.04 mL) was added to protein solution 
(4 mL) and the absorbance was measured at 412 nm. The content of SH 
was calculated by following Eq. (3) 

SH
(

μ M
g

)

= 73.53 × A412 ×
D
C

(3)  

where 73.53 is a coefficient obtained from 106 / (1.36 × 104); 106 was 
the conversions from molar basis to μM/ml basis and from mg protein to 
g protein and 1.36 × 104 is the molar absorptivity; A412 is the absor-
bance at 412 nm; C is the sample concentration (mg/ml); D is the 
dilution factor. The SS content was calculated by subtracting the SH 
content from the total SH group content and dividing the result by 2. 

2.4.5. Fatty acid profile 
The chickpea samples mixed with isopropanol was kept for 24 h for 

oil extraction. The samples were filtered 3–4 times in Whatman TM filter 
paper no. 42 and clear filtrate was kept in an air oven at 60 ◦C until the 
pure oil content was obtained by evaporating the whole solvent. The 
samples were derivatized to fatty acid methyl esters (AOAC (Association 
of Official Analytical Chemists), 2005). About 2 µL of the derivatized 
sample was injected into a GC–MS system (Shimadzu, GC-2010, auto- 
sampler: AOC-20i, Mass Spectrometer: QP 2010 Plus, silica column: 
Rtx@-2330 (highly polar phase; biscyano propylcyano propylphenyl 
polysiloxane, 60 m Length × 0.25 mm ID × 0.2 μm df). For GC–MS 
detection, Electron Impact (EI) mode with ionization energy of 70 
eVpurity was used. Following were the operating parameters: Carrier 
gas: Helium (99.999% purity), flow rate: 1.25 mL/min, injection vol-
ume: 2 μL, split ratio:50:0, injector temperature:250 ◦C, Ion-Source 
temperature:230 ◦C, Temperature program: 1st phase: 60 ◦C with an 
increase of 15 ◦C/min to 165 ◦C (isothermal for 1 min), 2nd phase: 
increasing at a rate of 2 ◦C/min to 225 ◦C (isothermal for 2 min). Mass 
spectra were taken for fragments ranging from 50 to 1000 m/z. Identi-
fication of the fatty acid methyl ester were conducted by comparing 
their retention times with those of the pure FAMEs standards, the 
compounds with 90% similarity index were identified and recorded. The 
samples were analysed in duplicate. 

2.4.6. Total mineral content 
The samples were divided into two lots. In the first lot, the total 

mineral content was determined by ashing the samples and following 
the procedure of Chapman and Pratt (1982). In the second case, the HCl 
extractible mineral of the ozonated as well as control sample was 
determined following the method by Idris et al. (2005), where about 5 g 
of chickpea samples contained in 250 mL Borosil glass beaker were 
cooked in 100 mL of distilled water for 20 min in the boiling water bath 
with stirring, thereafter, dried at 65 ◦C in the hot air oven and samples 
were subjected to grinding, followed by sieving by passing through 0.4 
mm screen and the samples were stored in polyethylene bags. All the 
samples were digested using concentrated nitric acid and perchloric acid 
(1:1, v/v). Phosphorous was analysed using the flame photometer 
(Corning 410, England), while potassium (K), magnesium (Mg), man-
ganese (M), zinc (Zn), iron (Fe) and copper (Cu) were determined using 
atomic absorption spectrophotometer (Perkin–Elmer, Model 2380, USA) 
using standard procedures. The samples were analysed in triplicate. 

2.4.7. Scanning electron microscopic imaging 
The chickpea grains treated at different ozone gas concentration 

(500, 750, and 1000 ppm) and control sample were gold-coated using a 
sputter coater (Polaron E-5100 Sputter Coater, Polaron Equipment Ltd., 
Watford, Hertfordshire, England) under vacuum (at 10-6 mbar/Pa) while 
undergoing the ionization process with argon gas for 10 s. The gold 
coated chickpea samples were then mounted on the Scanning Electron 
Microscope (Model No. Quanta 250, UK). The surface micrographs were 
viewed at × 500 and × 1000 magnifications and photographed to study 
the microstructure of chickpea. 

2.5. Data analysis: 

The obtained results were expressed as mean ± standard deviation 
and subjected to 1-way analysis of variance (ANOVA) and Tukey test 
was calculated at a confidence level of 95% was employed to determine 
significant differences among means using SAS software (SAS 9.3, USA). 
The SDS Page images were imported into Image Lab (Bio-rad, version 
6.0) free software for protein band analysis. 

3. Results and discussions 

3.1. Effect of ozone on the protein content of chickpea 

The effect of ozone concentration and storage period on the protein 
content of chickpea is presented in Table 1. It can be observed that there 
was a significant difference (p < 0.05) in the protein content of the 
untreated chickpea and the ozone-treated samples. A decrease from 
(17.62 to 15.91%) in the protein content observed for the control sample 
during 60 days of storage was found higher compared to the ozone 
treated samples. The decrease in protein content as a function of storage 
may be attributed to the degradation of small peptides and AAs due to 
grain aging and utilization of embryonic protein (Dell’Aquila, 1994; Lee 
& Cho, 2012). 

A higher rate of loss in the protein content of the control sample may 
be attributed to the hidden infestation in addition to grain’s own 
metabolic activity. There might be some eggs, which hatched over the 
period of storage and damaged the grain over the period of storage at 
room temperature. The study also revealed that ozone treatment helped 
in maintaining the total protein content for a longer duration during the 
storage without allowing further deterioration as compared to the con-
trol samples. Similar results were reported by Mendez et al. (2003), Savi 
et al. (2015) and Trombete et al. (2016) who investigated the effect of 
ozone treatment, on a range of food grains (hard and soft wheat, soy-
bean, and maize) and did not observe any adverse effect on the protein 
quality of ozonated grains. At a higher dose of ozone (1000 ppm), 
however, the chickpea protein content was adversely affected as the 
storage period progressed, which could be attributed to the higher 
oxidation rates of the peptide bonds in the ozonated samples. 

3.2. Protein profiling 

SDS PAGE of chickpea revealed a good distribution lower and higher 
molecular weight between 16 and 250 KDa proteins, with about 8 bands 
shown in Fig. 1 (see Supplementary file Table S1) for molecular weight 
(KDa) and the band thickness (%) of the protein bands of the ozone 
treated and control sample). No major differences were found between 
protein profiles in ozone treated (500–1000 ppm) chickpea and control 
sample in most of the visible bands. The intensification of protein bands 
in the ozone treated at higher doses (1000 ppm) was more as compared 
to ozone treated samples at lower doses (500–750 ppm) and control 
samples were observed. The intensification of protein bands of lower 
molecular weights could be due to the scission of the S–S bonds 
(disulphide), leading to protein structure breakdown and rupturing of 
peptide and amide bonds. The increase in the intensities of the band at 
the top of the gel was found, even after the reduction of mercaptoe-
thanol, indicates that intensification is not only affected by disulphide 
bonds, but this also may be due to the covalent interactions of the mo-
lecular aggregates (Linlaud, Ferrer, Puppo, & Ferrero, 2011). 

The protein bands of ozone treated samples shows only minor de-
viations in the molecular weight in comparison with the control sam-
ples. Even though, the total protein content was having significant 
difference, however, qualitatively no difference was found in the SDS 
soluble proteins in SDS PAGE. The increased band thickness of the ozone 
treated sample (500–1000 ppm) indicates the variation of the disulphide 
bond solubility of proteins in different strength of buffer. Besides, 
another reason for increase in the band thickness nearer to stacking gel 
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may be due to the inability of high molecular proteins to penetrate the 
gel. Overall, it could be observed that the ozone exposures have little 
effect on crosslinking, and molecular weakening in the protein profile. 
The results of the protein patterns give an idea that ozone treatment 
causes the increase in intensification and thickness of protein band in the 
range of 16–91 kDa. 

3.3. Amino acid 

A total of 18 AAs were detected in the present investigation, and AA 
profile of the control and ozone-treated chickpea samples is presented in 
Table 2 (for chromatograms see Supplementary data Fig. S2). 

3.3.1. Amino acid profile: 
The His (23.38 ± 0.05 mg/g protein), Thr (38.19 ± 0.10 mg/g 

protein), Cys (2.89 ± 0.14 mg/g protein), Lys (18.99 ± 0.05 mg/g 
protein), Met (11.93 ± 0.14 mg/g protein), Val (41.95 ± 0.19 mg/g 
protein), Ile (35.29 ± 0.24 mg/g protein), Leu (114.27 ± 0.29 mg/g 
protein), Phe (60.58 ± 0.34 mg/g protein) content of the control sample 
reduced on ozone application to a maximum by 81.17%, 14.78%, 

41.80%, 49.56%, 35.57%, 37.71%, 44.19%, 51.73% and 23.08% 
respectively. The reduction in most of the EAAs is due to the strong 
oxidizing action of the ozone. The results are in line with the findings of 
Rakcejeva et al. (2014), who also reported a significant decrease in the 
AAs (47–80%) in the wheat flakes, on ozone treatment. 

On the other hand, the Tyr (1.76 ± 0.10 mg/g of protein) and Trp 
(0.62 ± 0.39 mg/g of protein) content increased to a maximum, 28.02 
and 1.94 times the initial value. The increase in the Tyr content may be 
attributed to the decrease in the Phe. Both the AAs Phe and Tyr are 
synthesized through Shikimate pathways and Phe is known to be the 
precursor to Tyr (Tzin & Galili, 2010). The free radicals formed by the 
dissociation of ozone might have oxidized the former, which culminated 
in the increase in the Tyr content, the AA responsible for brain function. 

On a similar note, the increase in the Trp can be best explained by the 
fact that the indole is the immediate precursor of Trp and Trp is known 
to be formed from Ser, a NEA, by enzymatic catalysis through donation 
of the indole by the later (Hammes & Faeder, 1971). Due to oxidizing 
reaction of ozone, the Ser might have lost the indole ring to form Trp, 
thus resulting in overall increase in that case. 

It can be observed that the essential AAs reactivity and reduction 
with respect to ozone treatment at the lowest concentration (500 ppm) 
in the chickpea are in the order Aromatic AAs > Sulphur containing AAs 
> basic AAs > aliphatic AAs > Neutral AAs. The highest reduction in 
His, an aromatic AA could be attributed to the presence of imidazole ring 
in it, which has high reactivity with ozone. This result corroborated to 
the hypothesis of Sharma and Graham (2010), who indicated that the 
aromatic AA has higher reactivity with ozone. On the other hand, 
neutral AA, Thr, which has carboxyl group and a hydroxyl group as side 
chain (Rauk, Yu, & Armstrong, 1997), was found to react with ozone, 
comparatively at a slower rate. As the concentration of ozone increased 
a higher reactivity was shown by the basic and aliphatic group of AAs. 

AAs like His, Cys, Lys, Met, Tyr, and Trp are known to have anti-
oxidant properties (Wang & de Mejia, 2005), though most of the AAs in 
that group decreased; however, there was substantial increase in the Tyr 
and Trp content, which indicated a strong antioxidant potential for the 
ozone-treated samples. 

A similar decreasing trend with ozone application was observed for 
the non-essential Amino Acids (NEA) (Table 2). Ser, Arg, Gly, Asp, Glu, 
Ala, and Pro contents were reduced by a maximum of 37.98%, 50.80%, 
58.75%, 28.01%, 25.21%, 27.59% and 31.63%, respectively with 
different doses of ozone. 

In the present case, the highest reduction was observed at 1000 ppm 
for Gly content for, which is an aliphatic NEA having carboxyl and 
amine group. On the other hand, acidic hydrocarbon-like AAs such as 
Glu, and Asp acid were found to react with ozone, comparatively at a 
slower rate even at high concentration of O3. The hydroxy NEA, Ser also 
found to react slowly with ozone. Ala, which has alkyl groups, was found 
to react slower than Gly which has no alkyl group. These results are in 
accordance with the reports by Wang et al. (2016) for wheat. 

The percentage of total acidic AAs increased from 25.83% (control 
sample) to a maximum of 28.64% (750 ppm) during ozone treatment. 
On the contrary, the percentage of total basic AAs decreased with the 
application of ozone from 10.86% (control sample) to 8.43% (750 ppm). 

Table 1 
Changes in Moisture and Protein content of the ozonated and untreated chickpea with storage period.   

Storage period, days  

0 day 30th day 60th day 

O3 conc., 
ppm 

0 500 750 1000 0 500 750 1000 0 500 750 1000 

Moisture, % 
db 

10.77 ±
0.02 

10.77 ±
0.03 

10.77 ±
0.02 

10.77 ±
0.03 

11.23 ±
0.06 

10.74 ±
0.01 

10.74 ±
0.02 

10.67 ±
0.01 

11.42 ±
0.04 

10.67 ±
0.02 

10.50 ±
0.03 

10.56 ±
0.03 

Protein, % 
db 

17.62c ±

0.02 
17.65b ±

0.02 
17.64cb ±

0.03 
17.70a ±

0.02 
16.18b ±

0.04 
17.64a ±

0.02 
17.60a ±

0.02 
17.62a ±

0.02 
15.91d ±

0.02 
17.17a ±

0.03 
16.95b ±

0.02 
16.85c ±

0.01 

Means with the same letter are not significantly different in a row at 95% confidence interval 

Fig. 1. SDS–PAGE analysis of control and ozone treated chickpea (M) Marker 
(a) ozone concentration (500 ppm) (b) ozone concentration (750 ppm) (c) 
ozone concentration (1000 ppm) and (d) Control. 
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Based on their polarity and water binding nature the AAs were 
grouped as hydrophobic (Ala, Ile, Leu, Met, Phe, Pro and Val), acidic 
(Asp, Glu), basic (Lys, Arg, His) and uncharged polar (Gly, Ser, Thr, Tyr, 
Cys). It can be observed that chickpea proteins mostly belong to the 
hydrophobic group, followed by acidic groups and uncharged polar and 
least by the basic group. The hydrophobic AAs increased from 33.64% 

(control) to 34.24% in the ozone-treated samples (1000 ppm). The 
higher hydrophobicity indicated better thermal stability in the chick pea 
protein. Uncharged polar AAs also have shown an increase from 16.46% 
(control) to 20.73% (1000 ppm) for ozone-treated chickpea samples. 
The ratio of acidic to basic AAs increased from 2.37 (control) to 3.95 
(750 ppm), which indicated a net acidic charge on the protein surface, 
which may have nutraceutical application. Due to the application of 
ozone, the percentage of acidic AAs, hydrophobic and uncharged polar 
AAs increased and basic AAs decreased further; thus, rendering higher 
hydrophobicity, acidity to the chickpea protein. 

It is interesting to note that despite a reduction in the total AA 
content in the treated samples, the total protein content, which an in-
direct measurement of nitrogen remains almost unaltered. It is note-
worthy to mention that AAs may have been converted to ammonia, 
nitrate, nitrite and other degraded forms of AA, which were not 
measured in this study, hence cannot be verified. The basis of hypothesis 
can be supported by the fact that the ozone creates oxidative stress on 
the AA, converting them to secondary metabolites. Hence, as ozone 
concentration increased, stress conditions also increased, causing a 
decrease in AA content (Iriti & Faoro, 2009). 

3.3.2. Ratio of essential to total amino acids 
In the present study, EAA and TAA decreased to the tune of 25.99% 

and 30.08%. On the contrary, Mendez et al. (2003) indicated that 
treatment with 50 ppm ozone for 30 day did not change the AA content 
in the hard and soft wheat, soybean, and maize. The disparity in the 
results could be attributed to the fact that in the present investigation a 
high dose of ozone was used (>10 times) than that reported by Mendez 
et al. (2003). Despite the overall decrease in the AA contents, the EAA: 
TAA remained stable (36–42%) on ozone treatment, which was 
observed to meet WHO guidelines (Energy, 1985) for all groups, i.e. for 
infants (>39%), children (>26%) and adults (>12%). 

3.3.3. Protein efficiency ratio 
The PER values are observed to be stable by the ozone treatment 

(Table 2). The calculated PER- 1 and PER-2 varied between 1.37 and 
0.98 and 3.09 to 1.86, for different dosed ozonated samples, and 2.06 
and 4.7 for control sample, respectively. 

3.3.4. Biological value 
The calculated biological value of the control chickpea sample 

increased to 36.93 to 38.95% on ozone treatment (Table 2), which meets 
the standard range. According to a study conducted by Singh, Praharaj, 
Singh, and Singh (2016), the biological value of the pulse protein ranges 
from 32% to 78%. 

3.4. SH and SS group 

The results of the free SH and the SS contents are shown in Table 2. 
The exposed SH content of the control and ozone-treated samples at 500, 
750 and 1000 ppm was 19.65, 19.60, 19.56 and 16.49 µ mol/g, 
respectively; whereas the S–S content was 9.64, 9.67, 9.67 and 9.71 in 
the control and ozone treated samples. A minor decrease in the SH 
groups was observed when exposed to different ozone concentrations 
(500–1000 ppm) as compared to the initial SH content (control sample). 
The ozone treated (500 ppm) showed non-significant effect and ozone 
treated (750–1000 ppm) showed significant difference (p < 0.05) in 
comparison to the control samples. The major reason for the reduction of 
SH group may be the oxidation of the amino acids. The reduction of S–H 
bonds may cause losses of some residue from major proteins. Since, 
oxygen radicals are very superficial with the sensitive cysteine amino 
acids, and oxidation may give way to development of different residues 
like sulfenic/sulfonic acid from cysteine. The results are in line with 
Segat et al. (2014) and Lee and Cho (2012), who stated that the oxida-
tive stress caused by ozone in turn results in the reduction the free SH 
content and increase in S–S content in the whey protein and wheat 

Table 2 
Essential, non-essential amino acid calculated BV, PER and groups of AA of the 
raw and ozone treated samples.  

Amino acid Control O3 (500 
ppm) 

O3 (750 
ppm) 

O3 (1000 
ppm) 

Essential Amino acids (EA)mg/g protein 
His 23.38a ±

0.05 
4.40c ±

0.24 
13.60b ±

0.31 
14.37b ±

0.19 
Thr 38.19a ±

0.10 
32.54b ±

0.34 
24.94c ±

0.39 
24.15c ±

0.27 
Cys 2.89a ±

0.14 
1.68a ±

0.44 
2.42a ±

0.34 
1.82a ± 0.19 

Lys 18.99b ±

0.05 
24.93a ±

0.53 
9.58d ±

0.41 
10.72c ±

0.24 
Tyr 1.76d ±

0.10 
36.65c ±

1.17 
49.32a ±

0.24 
42.07b ±

0.39 
Met 11.93b ±

0.14 
7.69c ±

0.29 
15.14a ±

0.05 
8.01c ± 0.24 

Val 41.95a ±

0.19 
35.23b ±

0.47 
29.74c ±

0.10 
26.13d ±

0.36 
Ile 35.29a ±

0.24 
30.58b ±

0.53 
21.90c ±

0.05 
19.69c ±

0.25 
Leu 114.27a ±

0.29 
86.92b ±

0.14 
62.72c ±

0.10 
55.16d ±

0.34 
Phe 60.58a ±

0.34 
46.66c ±

0.19 
46.59c ±

0.14 
55.56b ±

0.44 
Trp 0.62b ±

0.39 
0.62b ±

0.24 
0.67b ±

0.05 
1.20a ± 0.55 

Total EA 349.83a ±

2.02 
307.91b ±

3.67 
276.62c ±

2.17 
258.89 d ±

3.38  

Non-essential amino acids (NEA) mg/g protein 
Ser 56.92a ±

0.49 
43.84b ±

0.34 
35.30c ±

0.14 
36.75c ±

0.34 
Arg 52.00a ±

0.53 
48.78b ±

0.39 
23.65c ±

0.19 
25.58d ±

0.44 
Gly 43.32a ±

0.58 
33.55b ±

0.44 
17.87d ±

0.24 
19.73c ±

0.53 
Asp 51.46b ±

0.63 
56.00a ±

0.05 
37.51c ±

0.34 
37.05c ±

0.19 
Glu 173.07a ±

0.68 
149.13b ±

0.10 
147.52b ±

0.39 
129.42c ±

0.24 
Ala 70.71a ±

0.73 
54.06c ±

0.14 
58.39b ±

0.34 
51.20d ±

0.19 
Pro 71.94a ±

0.77 
53.93b ±

0.24 
49.18c ±

0.44 
42.15d ±

0.49 
Total NEA 519.42a ±

4.41 
439.00b ±

1.69 
369.41c ±

2.08 
341.88d ±

2.42 
Total AA 869.25a ±

6.44 
747.20b ±

5.37 
646.03c ±

4.25 
600.77d ±

5.80 
EAA:TAA 40.25 41.21 42.82 43.09 
BV 36.93 32.43 38.95 38.02 
PER1 2.06 1.37 1.26 0.98 
PER 2 4.7 3.09 1.86 1.59 
Total acidic AA, % 25.83 27.45 28.64 27.71 
Total basic AA, % 10.86 10.45 7.25 8.43 
Total hydrophobic 

AA, % 
33.64 30.53 34.20 33.75 

Total unpolar AA, 
% 

16.46 19.84 20.10 20.73  

Free Sulfhydryl Group (SH) and Disulfide Bond (SS) Contents 
Exposed SH (µ mol/ 

g) 
19.65a ±

0.10 
19.60a ±

0.10 
19.56 ab ±

0.15 
19.49b ±

0.10 
Total SH ((µ mol/g) 38.93a ±

0.57 
38.93a ±

0.60 
38.91a ±

0.70 
38.91a ±

0.44 
S–S content (µ 

mol/g) 
9.64 a ±

0.26 
9.67 a ±

0.27 
9.67 a ±

0.25 
9.71 a ±

0.25 

Means with the same letter are not significantly different in a row at 95% con-
fidence interval. 
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flour. The reduction may also be due to the unfolding of the proteins due 
to ozone treatment and further increase in the exposed hydrophobic 
groups. This consequently results in the loss of native/globular shapes of 
the protein structure making it more flexible. Moreover the presence of 
disulphide bonds helps in strengthening and stabilizing the protein 
structure. 

3.5. Fatty acids profiling 

Oil quality is dependent on the relative amounts of unsaturated and 
saturated fatty acids in the grain. Table 3 represents the fatty acid (FA) 
composition of ozone-treated chickpea and the control samples (for 
chromatograms see Supplementary data Fig. S3). It was observed 
that>50% of the FA is contributed by the Linoleic acid, a PUFA, followed 
by Octadecenoic acid (>25%), a MUFA, followed by Palmitic acid 
(>10%), a saturated FA. The reduction in the saturated FAs was in the 
range of 0–9%. The monounsaturated FAs Hexadecenoic acid, Palmi-
toleic acid, Octadecenoic acid, and Eicosenoic acid reduced by 20%, 
7.69%, 4.45%, and 9.43%, respectively. The PUFA, α-Linolenic acid 
reduced by 5.21%. The total relative content of saturated (13.39 ± 0.10) 
and unsaturated (87.61 ± 0.11) FAs reduced by 2.53% and 0.7%, 
respectively. The MUFA (27.48 ± 0.08) and PUFA (59.13 ± 0.03) 
reduced by 5.71% and 0.06%, respectively. In the present case, the 
Tridecylic FAs have shown higher reactivity with O3; whereas, Penta-
decanoic acids were found to react with ozone, comparatively at a 

slower rate. 
It was observed that FA compositions were significantly (p < 0.05) 

affected by the ozonation, especially the unsaturated FA; whereas, 
saturated FAs remained fairly stable, without showing much reactivity 
with ozone. Only, in the case of unsaturated fatty acids, Hexadecenoic 
acid was stable; however, all other unsaturated fatty acids such as Pal-
mitoleic acid, Eicosenoic acid, and α-Linolenic acid decreased with 
ozonation, showing high reactivity with ozone. The linoleic acid, which 
is a precursor to omega-6 fatty acid, increased by 2%, at lower doses 
(500 and 750 ppm), however at higher doses of 1000 ppm, the values 
decreased. The results were in accordance with the findings of (Lee & 
Chan, 2007), who observed an increased mass of the ozonated linoleic 
acid with progress in time of exposure, at lower ppm. They reasoned that 
auto-oxidation pathway might involve addition of oxygen molecules, 
resulting in increase of the molecular weight of the FA, instead of 
breaking down and this reaction may decrease or remain constant with 
progression of time. Oleic acid, a precursor to omega-3 and omega-6 FA 
increased by 16% due to ozonation at 750 ppm. The oleic acid helps in 
reducing low-density lipoprotein, blood pressure and helps in increasing 
high-density lipoprotein cholesterol (Granado-Casas & Mauricio, 2019). 
Possibly, there is cleavage of double bonds or ozonolysis of PUFA like 
α-linolenic acid or auto-oxidation of other FAs where addition of oxygen 
is involved, which formed oleic acid, a C18, MUFA, at lower dose of 
ozonation. This hypothesis can be supported by the fact that ratio of 
linoleic acid to α- linolenic acid ratio (ω-6/ω-3 ratio) increased from 
12.40:1 to 13.43:1 (Table 3) when treated with ozone. The results also 
indicated a better nutritional status in terms of preventing cardiovas-
cular disease mortality, where ω-6: ω-3>4 is known to prevent heart 
disease (De Lorgeril et al., 1994). 

The overall decrease in the α-linolenic acid, almost similar to the 
increase in linolenic acid, which resulted in no significant difference in 
the PUFA and MUFA values in control and at higher dose (1000 ppm). 
The unchanged composition in saturated FAs and increase in the bene-
ficial unsaturated FAs like linoleic acid (PUFA) and oleic acid (MUFA) in 
the chickpea at lower doses deems ozonation suitable for pest control 
measures for legumes. 

3.6. Mineral content 

The total mineral content and HCl extractible minerals of the control, 
ozonated samples are presented in Table 4. Six essentials minerals were 
detected in the samples, which were in the order of K > Ca > Mg > P >
Zn > Fe > Cu. At a lower concentration of ozone gas (500–750 ppm) all 
the minerals remained stable compared to the control sample. It indi-
cated that mineral content is not affected by a small dose of ozone. 
Similar finding was reported by Trombete et al. (2016), where ozonation 
did not affect the mineral content of ozonated wheat flour. It is worth-
while to mention that with the increase in the ozone dose (1000 ppm), 
the copper, zinc, calcium and potassium content decreased significantly 
(p < 0.05). The reason for decrease in the mineral contents could be 
cross linking or mineralization. Due to oxidation by ozone there is for-
mation of free radicals and these free radicals might have a role to play 
with production of intermediary products, which has been proved by 
many researchers (Alvares, Diaper, & Parsons, 2001). On the contrary, 
the phosphorous (199–243 mg/100 g) and iron (2.31–2.43 mg/100 g) 
content increased in the ozonized samples for all the doses. As ozone 
reacts (oxidises), forming new compounds; these minerals, which were 
once part of many biosynthetic pathways, could have undergone 
degradation, thus being converted from their organic from to inorganic 
form (Alvares et al., 2001). 

The HCl extractible minerals were in the order of K > Ca > Mg > P >
Cu > Zn > Fe in the control. The Cu, Zn, Mg, P, K, Ca contents slightly 
reduced in the treated sample at higher concentration (1000 ppm); 
however, the effect was non-significant when ozonized at lower con-
centrations (below 750 ppm). The HCl extractible minerals such as Mg, P 
and Ca remained stable at low ozone concentration (500 ppm) as 

Table 3 
Peak area percentage of the fatty acid in raw and treated ozone samples.  

Name of Fatty 
Acid 

Type of 
FA 

Control Ozone 
(500 
ppm) 

Ozone 
(750 
ppm) 

Ozone 
(1000 
ppm) 

Tridecylic acid S 0.23a ±

0.01 
0.22a ±

0.01 
0.21a ±

0.02 
0.22a ±

0.01 
Pentadecanoic 

acid 
S 0.11 a ±

0.02 
0.1 a ±

0.01 
0.11 a ±

0.01 
0.11 a ±

0.01 
Palmitic acid S 10.89 a 

± 0.01 
10.68 a ±

0.02 
10.77 a ±

0.01 
10.91 a ±

0.01 
Margaric acid S 0.07a ±

0.02 
0.07a ±

0.01 
0.07a ±

0.01 
0.07a ±

0.01 
Stearic acid S 1.64a ±

0.01 
1.52c ±

0.03 
1.58b ±

0.01 
1.63a ±

0.02 
Behenic acid S 0.44b ±

0.03 
0.46b ±

0.01 
0.53a ±

0.02 
0.55a ±

0.03 
Hexadecenoic 

acid 
MUFA 0.05a ±

0.01 
0.04a ±

0.01 
0.04 a ±

0.01 
0.05 a ±

0.01 
Palmitoleic acid MUFA 0.26a ±

0.02 
0.24b ±

0.01 
0.24b ±

0.01 
0.24b ±

0.01 
Octadecenoic 

acid 
MUFA 25.81 a 

± 0.02 
24.90c ±

0.01 
24.66d ±

0.01 
25.74b ±

0.02 
Oleic acid MUFA 0.84c ±

0.01 
0.91b ±

0.02 
0.98a ±

0.01 
0.91b ±

0.02 
Eicosenoic acid MUFA 0.53a ±

0.02 
0.51b ±

0.01 
0.48c ±

0.01 
0.48c ±

0.01 
Linoleic acid PUFA 54.72 d 

± 0.01 
56.05b ±

0.01 
56.16a ±

0.01 
54.79c ±

0.01 
α-Linolenic acid PUFA 4.41a ±

0.02 
4.3ba ±

0.01 
4.18ba ±

0.01 
4.3b ±

0.01 
Linoleic acid:α- linolenic 

acid 
12.40 13.03 13.43 12.74  

Total Relative content (%) 
S 13.39b ±

0.10 
13.05d ±

0.09 
13.27c ±

0.08 
13.49a ±

0.09 
US 87.61a ±

0.11 
86.95b ±

0.08 
86.73c ±

0.07 
86.51d ±

0.09 
MUFA 27.48a ±

0.08 
26.60b ±

0.06 
26.39c ±

0.05 
27.42a ±

0.07 
PUFA 59.13b ±

0.03 
60.35a ±

0.02 
60.34a ±

0.02 
59.09c ±

0.02 

*Means with the same letter are not significantly different (a = 0.05) in row wise 
FA = Fatty Acid, S = Saturated Fatty Acid, US = Unsaturated Fatty Acid, MUFA 
= Mono Unsaturated Fatty Acid, PUFA = Poly Unsaturated Fatty Acid 
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compared to the control samples; however, their content decreased as 
the ozone dose increased further, the reason is explained earlier. The 
treatment sample caused HCl extractible Fe content to increase as 
compared to the control sample. 

3.7. Effect of ozone on morphological changes in chickpea 

Scanning electron micrographs (SEM) of the cotyledon of control and 
ozonated samples are shown in Fig. 2. Not much structural deviation in 
the parenchyma cells (Par), hypodermis (HYP), inner palisade (IP), and 
outer palisade (OP) layers were observed between the control and 
ozone-treated chickpea samples (Fig. 2a–d). The cells in the hypodermis 
region are very homogeneous and of an hourglass shape. There are also 
traces of protein bodies (PB) in the inner surface of the cell wall (CW) in 
this region. The structure of the traces of PBs found in the palisade and 
the hypodermis layer of the seed coat of the treated sample was similar 
to that of the control samples. The size of peripheral layers consisting of 
parenchyma cells (46.08 µm), hypodermis (22.15 µm) and palisade 
layers (90.52 µm), were having overall seed coat thickness (134.77 µm) 
in the control sample. On the other hand, in the ozonated samples, the 
size of parenchyma cells, hypodermis and palisade layers were in the 
range of 5.74–31.95 µm, 12.55–22.60 µm and 52.89–90.52 µm, 

respectively, contributing to the seed coat thickness to about 
71.18–106.29 µm. 

In Fig. 2e, there is a clear visibility of cotyledon of the control sample 
consisting of CW, starch granules (SG), protein matrix (PM), intracel-
lular spaces and middle lamella. The whole cotyledon is appeared like 
honeycomb structures with hexagonal webs. The interior of the coty-
ledon CW is made of thick lining of pentagonal or the hexagonal shape. 
The SG can be found in higher content in the cotyledon embedded in a 
PM. The shape of the starch is spherical and elliptical having the major 
diameter varying between 8.12 and 18.96 µm. On the other hand, 
glucose is present in the form of starch, which is not soluble and struc-
ture remains more compact. The SGs are either arranged in crystalline, 
polycrystalline and vitreous structures. The SG surface of the control 
samples is smooth and free from pores, cracks or fissures. The PBs are 
visible at the certain intervals and majority are found surrounding the 
SGs. 

In Fig. 2f, on ozonation (500 ppm), the SGs were appeared like grape 
bunch or poly polycrystalline structures and allocation of the starch 
molecules have changed. It may be due to hydrolyzation of the alpha 
bonds of the glucose molecules, which are disturbed by the ozonation, 
causing the SGs to loose compactness. The cell to cell adhesion of the 
chick pea tissue is very strong; hence, the cells can only be disrupted by 

Table 4 
Total Mineral content and HCl extractability of the minerals of Control and Ozone-treated Chickpea Samples.  

Minerals Total Mineral content, mg/100 g HCl extractability of the minerals in chick pea samples mg/100 g 

Control Ozone dose (ppm) Control Ozone dose (ppm) 

0 500 750 1000 0 500 750 1000 

Cu 1.2a ± 0.06 1.0b ± 0.03 0.9c ± 0.04 0.9cb ± 0.01 3.4ba ± 0.12 2.9b ± 0.14 2.5b ± 0.5 2.4b ± 0.09 
Zn 3.6a ± 0.04 3.6a ± 0.05 3.5b ± 0.03 3.5b ± 0.01 3.3a ± 0.02 2.7b ± 0.08 2.4c ± 0.01 2.3c ± 0.04 
Fe 2.31b ± 0.04 2.43a ± 0.01 2.4ba ± 0.05 2.36ba ± 0.03 1.56ba ± 0.02 1.38ba ± 0.09 1.41b ± 0.01 1.68b ± 0.09 
Mg 500a ± 3 430b ± 1 370c ± 4 320d ± 5 710a ± 10 710a ± 9 320b ± 9 290c ± 10 
P 199d ± 2 212c ± 1 226b ± 3 243a ± 2 228a ± 5 195a ± 2 178a ± 8 160a ± 3 
K 2225a ± 8 2035b ± 5 709c ± 1 289d ± 1 1893a ± 2 1442b ± 2 1261d ± 3 1395c ± 5 
Ca 820a ± 3 790b ± 5 753c ± 5 713d ± 5 1330b ± 2 1100a ± 2 970c ± 5 560d ± 5 

*Means with the same letter are not significantly different (a = 0.05) in a row. 

Fig. 2. SEM of control and ozone treated chickpea (a) peripheral cotyledon of chickpea cellular structure, (b) peripheral cotyledon of chickpea at 500 ppm, (c) 
peripheral cotyledon of chickpea at 750 ppm, (d) peripheral cotyledon of chickpea at 1000 ppm, (e) cotyledon profile of chickpea in control sample, (f) cotyledon 
profile of chickpea at 500 ppm, (g) cotyledon profile of chickpea at 750 ppm, (h) cotyledon profile of chickpea at 1000 ppm. Abbreviations: CW: cell walls; IS: 
intercellular spaces; P: protein; S: starch granules; hyp: hypodermis; IP: inner palisade; OP: outer palisade; par: parenchyma cells. 
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breakage of the CW. There is no visible change in the starch molecules, 
but the changes in the CW with irregular hexagonal shape were found. 
The major diameter of the SGs varied in the range of 6.8– 7.77 µm. This 
causes the visibility of the PB more scattered and dispersed. 

In Fig. 2g, ozonation (750 ppm) caused CW of the cotyledon to look 
oblong and ellipsoid in shape and at certain intervals appeared hexag-
onal in shape. The SGs arrangements were amorphous in structure and 
no changes in shape of starch due to ozonation were observed. The 
major diameter of the SGs varied in the range 4.11– 16.46 µm. The al-
locations of the starch were mainly in the right side of the CW, with the 
appearance of the PM. 

In Fig. 2h, the CW of the ozonated (1000 ppm) sample is observed to 
be very irregular in shape; any does not adhere to any particular shape. 
The starch appeared to be in floury structures and majority of granules 
are found to be emerging on the surface of the CW. The major diameter 
of the SGs is in the range of 9.67–22.10 µm, while the PB appeared to be 
more dispersed. The PM here is found to be widening, due to the 
disturbance of the SGs. 

In summary, some structural modifications can be observed in the 
ozonated samples as presented in Fig. 2f-h. It can be seen that the 
honeycomb structure of the parenchyma CWs have disintegrated and the 
region appeared blurred, on ozone application. Since the parenchyma 
CWs are mostly made up of β-glucan type polysaccharides, as suggested 
by Wood, Knights, and Choct (2011), they are oxidized by ozone. The 
results also indicated that there are negligible changes in the SGs and the 
PBs is more dispersed in ozonated sample as compared to the control 
sample. 

4. Conclusions 

The study presented an insight, how a better nutritional level can be 
achieved by ozone treatment to the chickpea grains, by maintaining the 
protein content during storage. The increase in the intensification of 
lower molecular weight proteins and protein bands thickness due to 
ozonation is caused by the scission of disulphide bands. Though the 
overall AA content decreased due to ozonation, the biological value and 
protein efficiency ratio remained almost unaltered. The increase in the 
hydrophobicity and acidity of the AAs implies improved nutritional 
quality, thermal stability, and antioxidant potential. Additionally, a 
decrease in SH and increase in SS content makes the proteins stable at 
higher ozonation. The increase in the beneficial fatty acids (linoleic acid 
and oleic acid) as well as the ω-6 to ω-3 ratio, due to ozonation, is an 
added advantage in the health perspective. The ozone treatment also 
does not alter the mineral content in the raw and the HCl based 
extractability of the ozonated samples, at lower level. The cell wall of the 
seed does not appear to change; however, the change in the intracellular 
cell wall due to ozonation made the protein bodies appear more 
dispersed and the starch granules more irregularly placed, which may 
have some implication in the functionality of the grain. Considering the 
nutritional advantages, ozonation at lower level (500–750 ppm) can be 
recommended as a green pesticide for legume crops like chick pea. 
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