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a b s t r a c t 

The present study investigated the molecular changes induced by germination in cowpea cultivars by spectro- 
scopic techniques. The ATR FT-IR, Intrinsic fluorescence, and UV spectroscopic techniques revealed that germi- 
nation shows alteration in cowpea cultivars. The ATR-FTIR showed slight differences in band intensities corre- 
sponding to carbohydrates, lipids, and protein regions at 700 to 4000 cm- 1 wavenumbers. Starch order structure 
understanding their functionality showed a reduction of short-range ordered structures in Black cowpea flour and 
long ordered starch fraction in White cowpea flour under germination. The study quantified the degree of ordered 
starch and their alteration in amorphous/crystallinity nature concerning germination and cowpea cultivars. The 
secondary structures revealed a reduction of 𝛽-sheets and 𝛼-helix content, representing decreased ordered pro- 
tein structures and their shifting into random coils and turn structures. The germinated flours showed decreased 
fluorescence intensities with the shift from 347 to 348, reflecting the redshifts due to decreased concentrations 
of fluorescent compounds during germination in cowpea flour. UV spectrum revealed a similar spectrum with an 
increase in absorption of cowpea flour under germination. The electrophoresis showed variations in the intensi- 
ties of high (25 to 225 kDa) and low (19 to 10 kDa) molecular weight proteins in germinated cowpea cultivars 
than the native one. Overall, this study demonstrated the potential of ATR-FTIR, fluorescence and UV-based 
spectroscopy as non-destructive techniques to assess the alteration of pulses at the molecular level and structural 
changes under the germination process. 
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. Introduction 

Cowpea ( Vigna unguiculata ) edible pulse grain belongs to the
abaceae family. The cowpea shows geographical origin in Africa and is
onsumed and grown widely in different areas such as Africa, the USA,
nd Asia ( Appiah, Asibuo, & Kumah, 2011 ). The worldwide production
f cowpea is reported as 6.5 million metric tons annually, with Nigeria
roducing more than 80%. The USA, Peru, Serbia, Sri Lanka, China, and
ndia are the top cowpea producers globally ( Horn & Shimelis, 2020 ).
utritional cowpea contains carbohydrates (50–60%), proteins (23–
2%), fat (1%), and other health-promoting ingredients such as dietary
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ber, polyphenols, minerals, and vitamins ( Jayathilake et al., 2018 ).
owpea is a nutrient-dense legume rich in proteins with content greater
han cereals and an alternate source of animal proteins for vegetarians
nd people who cannot afford it. The cowpea seeds showed varied diver-
ity based on their color, size, pod size, and geographical distributions.
he presence of nutritional and functional ingredients in cowpea flour
nhances its usage in developing health-based food ( Adjei-Fremah et al.,
019 ). 

Various processing methods of cowpea were used to enhance their
echno-functional properties. Germination, fermentation, dehulling,
oaking, roasting, cooking, and autoclaving-based methods have been
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sed to enhance their nutritional profile, reduce anti-nutritional fac-
ors, and suitability for developing functional food ( Domínguez-
rispuro et al., 2018 ; Madodé et al., 2013 ). Germination is a low-cost

echnology by induction of biochemical changes and structural changes,
enerating new components and decreasing the concentration of antin-
tritional factors ( Mir et al., 2021 ). Germinated pulses with health ben-
fits are considered one of the functional ingredients with improved nu-
rient compositions, better organoleptic qualities, and the development
f nutraceutical foods ( Ouazib, Dura, Zaidi, & Rosell, 2016 ). Germina-
ion process increased the protein content of cowpea flour and their di-
estibility, phytochemicals, antioxidants, vitamin C, and bioactive com-
onents and decreased antnutritional factors (phytic acids, trypsin in-
ibtors, lectins) to produce functional food ingredients with health ben-
fits ( Doblado, Frías, & Vidal-Valverde, 2007 ; De Souza Rocha, Hernan-
ez, Chang, & De Mejía, 2014 ). 

Fourier transform, the infrared type of spectroscopy, is a simple
nd non-destructive technique to analyze the bond vibrations to de-
ect functional groups and the alteration in the molecular structures
 Cocchi et al., 2004 ). FTIR provides information in the form of quali-
ative and quantitative manner to determine the molecular alteration
n the different forms of the sample ( Ferreira, Barros, Coimbra, & Del-
adillo, 2001 ). The FTIR reveals information in the form of peak posi-
ion, intensity, and shape for revealing the bond and structure of chem-
cal substances. FTIR is used for prediction of compositional analysis,
tarch structures, and amorphous crystalline fractions ( Barron, Parker,
ills, Rouau, & Wilson, 2005 ; Sevenou, Hill, Farhat, & Mitchell, 2002 ;

rates, Lei, Refat, Zhang, & Yu, 2018 ; Holse, Larsen, Hansen, & Engelsen,
011 ; Hell, Prückler, Danner, Henniges, Apprich, Rosenau, & Böhmdor-
er, 2016 ; Ferreira, Pallone, & Poppi, 2015 ; Zhou et al., 2022 ; Zhu et al.,
022 ; Hou et al., 2022 ). The structural proteins in pulses grains un-
ergo conformational changes upon different processing, and their low
tability hindered their investigation ( Carbonaro & Nucara, 2007 ). The
TIR vibrational technique is one of the alternate methods for study-
ng protein secondary structures due to the contribution of the amide
 band arising due to the C = O peptide bond stretching vibrations
 Carbonaro, Maselli, Dore, & Nucara, 2008 ). The a-helix, b-sheet, turns,
nd coils-based secondary structure depends on their determination of
he vibrational energy associated with the peptide carboxyl group and
he assignment of the amide I band spectral components. Several re-
orts on using the FTIR technique to study the protein secondary struc-
ures in pulses (( De la Rosa ‐Millán, Orona ‐Padilla, Flores ‐Moreno, &
erna ‐Saldívar, 2018 ; Chávez-Murillo, Veyna-Torres, Cavazos-Tamez,
e la Rosa-Millán, & Serna-Saldívar, 2018 ; Shevkani, Singh, Chen, Kaur,
 Yu, 2019 ; Preethi, Moses, & Anandharamakrishnan, 2021 ). Fluores-
ence spectroscopy is also a powerful tool to characterize food materials
y considering fluorescent molecules as fingerprint substances. Excita-
ion and emission wavelengths were used to analyze fluorescence inten-
ities ( Lenhardt, Bro, Zekovi ć, Drami ćanin, & Drami ćanin, 2015 ). The
esearch aims to study the effects of germination on temperate cowpea
ultivars at the molecular level using spectroscopy techniques. 

. Materials and methods 

.1. Materials 

The temperate cowpea cultivars (Black and White) were procured
rom a local market in Awantipora, Jammu & Kashmir, India. The cow
ea cultivars were sowed during month of march 2022, harvested dur-
ng end of June 2022 and procured from market during month of July
022. The cowpea cultivars were sorted for unwanted grains, cleaned,
ried at 40°C for 4 h and stored at 5°C in a laminated pouches until fur-
her use. The ATR-FTIR, Fluorescence and Ultraviolet Spectrum analysis
ere carried out in Advance Food Analysis Laboratory, Department of
ood technology-IUST-Awantipora. 
2 
.2. Germination process 

Cowpea seeds with geometric diameters of 4.80 mm for white and
.32 mm for black cultivars were soaked for 12 h at ambient temper-
ture, and seeds were then placed in the seed germinator (GA-240A,
reen Tech, Ambala, India) at optimized conditions (85 % relative hu-
idity and 35°C temperature for 50 h). The germinated seeds were de-
usked manually. The dehusked seeds were freeze-dried (Laboman, In-
ia), ground into fine flour with particle size of 150 μm using a lab-
ratory mill (IKA- Laboratory Mill), and stored in a refrigerator until
sed. 

.3. ATR-FTIR spectroscopy 

The data of molecular spectral for cowpea flour cultivars were col-
ected from Perkin Elmer ATR-FTIR (Spectrum 1, Perkin Elmer, Nor-
alk, USA) with attached spectrum software (ver.5.3.0), and the data

ollected were corrected using air background. The spectral data were
ecorded with a wavenumber ranging from 4000 to 700 cm 

− 1 at 4 cm 

− 1 

f spectral resolution and 25 scans. The FTIR spectral bands were nor-
alized and smoothed using Origin 2019b software to demonstrate
700 to 3050 cm 

− 1 bands concerning the Amide A band, 3050 to 2800
m 

− 1 for lipid and protein ratios, and 1800 to 1000 cm 

− 1 for determina-
ion of fingerprint region in terms of absorbance. The starch crystalline
nd amorphous structures in cowpea under germination were studied
y calculation of absorbance at 995 cm 

− 1 , 1022 cm 

− 1 , and 1047 cm 

− 1 

R regions, and their ratios at 1022/995 cm 

− 1 and 1047/1022 cm 

− 1 

ere studied for determination of starch short-range ordered structures
f cowpea flour samples ( Wang, Sun, Wang, Wang, & Copeland, 2016 ).
he amide I band from 1600 to 1700 cm 

− 1 represents the secondary
tructures ( 𝛽-sheet, random coils, 𝛼-helix, and 𝛽-turns) that were decon-
oluted and fitted to Gaussian fixed-band model using peak deconvo-
ution software (Origin 2019b software) fitted to Gaussian fixed-band
odel for determination of peak center’s assigned to protein secondary

tructures. Iteration was processed until a satisfactory fit for the bands
as obtained. The percentage areas for specific bands of protein sec-
ndary structures in the amide I region were calculated from the final
t with converged correlation (R 

2 ) at 0.999 ( Sofi, Singh, Muzaffar, &
ar, 2021 ). 

.4. Fluorescence spectrum analysis 

“Fluorescence spectrum was analyzed using Fluorescence Spectrom-
ter (RF 6000-Shimadzu) at 347 nm for excitation wavelength and emis-
ion wavelength (330–365 nm) for fluorescence analysis. The slits were
et for excitation and emission wavelength at 5.0 nm with a scanning
peed of 240 nm min − 1 ( Wang et al., 2020 ). 

.5. Ultraviolet spectrum analysis 

The supernatant of cowpea sample solution of 0.2 mg ml − 1 by cen-
rifugation at 4000 rpm for 10 min was scanned at 190–500 nm, a scan-
ing rate of 100 nm min − 1, and a scanning number of 3 times using an
ltraviolet-visible spectrophotometer (L1600300-Perkin Elmer) against
 blank solution of de-dissolved solution ( Wang et al., 2020 ). 

.6. SDS-PAGE 

Electrophoresis of cowpea samples was determined as per the stan-
ard method of Laemmli (1970) . The freeze-dried sample (50 mg) was
issolved in Laemmli sample buffer, and then the sample solution was
ncubated at 50°C for 90 minutes, heated for 5 min, and centrifuged at
0,000 × g for 1 min. The supernatant of 10 μL was loaded onto the
els (12% separating and 4% stacking gel) using a molecular ladder (10
o 225 KDa) from Promega V849A. The sample gels were stained using
oomassie brilliant blue R250 and then destained using 20% methanol
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Fig. 1. Representative FT-IR Spectrum of native and germinate Cowpea Flour cultivars. 
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nd 20% glacial acetic acid. The molecular weight and their relative mi-
ration (Rf) of sample gels were determined using Gel Molecular Weight
nalyzer v1.30. 

.7. Statistical analysis 

The experimental results were represented by the mean and standard
eviation of three replications. Statistical significance was determined
sing one-way ANOVA followed by Duncan’s mutiple range test at the
evel of 5 % using software (SPSS 18). 

. Result and discussion 

.1. FTIR-spectroscopy of cowpea flour 

FTIR-Spectroscopy was used to analyze the molecular differences
nd alteration in structural and functional groups in cowpea culti-
ars under germination. The spectra of native and germinative cowpea
our cultivars ( Fig. 1 ) showed slight differences in bands correspond-

ng to carbohydrates, lipids, and protein zones in the intensity bands
rom 700 to 4000 cm- 1 wavelengths. The spectra of native and ger-
inated cowpea flour revealed a decrease in the transmittance of cor-

esponding peaks and an increase in absorbance compared to native.
he decreased intensity in germinated cowpea cultivars might be due to
he depolymerization of proteins and starch during germination ( De la
osa ‐Millán, Orona ‐Padilla, Flores ‐Moreno, & Serna ‐Saldívar, 2018 ).
he cowpea from the black and white cultivar showed peak shift in 3700
o 3050 cm 

− 1 , 3050 to 2800 cm 

− 1, and 1800 to 1000 cm 

− 1 regions of
TIR spectra in the case of germinated cowpea flour, representing con-
ormational changes due to germination process ( Kong, & Yu, 2007 ).
3 
he 3700 to 3050 cm 

− 1 represents the O-H and N-H group stretching
ibrations from polysaccharides, proteins, and lipids ( Medhe, Kamble,
ettawan, Monboonpitak & Kettawan, 2022 ) showing major peaks of
276 and 3278 cm 

− 1 for White and Black native cowpea flour, which
howed a small peak shift of 3278 and 3283 cm 

− 1 . Fig. 2 represents
he spectra of 3700 to 3050 cm 

− 1 frequency normalized concerning the
mide A band. The strong band at 3275 cm 

− 1 is related to N-H and O-
 stretching vibrations of proteins ( Vatansever, Ohm, Simsek, & Hall,
022 ) showing significant differences between the cowpea cultivars and
erminated ones. The absorbance of the 3275 cm 

− 1 band was increased
rom 0.019 to 0.040 in White cowpea and 0.027 to 0.039 in Black cow-
ea cultivars due to germination, showing an alteration of proteins in
owpea flour during the germination process. The broad peak identified
t 3050 to 2800 cm 

− 1 corresponds with stretching vibrations of a methyl
roup (CH3) are associated with monitoring the lipids and proteins of
he sample ( Korkmaz, & Severcan, 2005 ). Fig. 3 showed that the 3050
o 2800 cm 

− 1 normalized concerning the CH3 groups’ asymmetric and
ymmetric stretching vibrations at 2957 and 2873 cm 

− 1 , respectively
 Dogan, Siyakus, & Severcan, 2007 ). The absorbance of germinated cow-
ea flour cultivars also showed an increasing trend compared to native
nes in the 3050 to 2800 cm 

− 1 regions representing modifications in
ipid and protein ratios of germinated flour. The germination increased
ntensities of asymmetric stretching vibrations (2957 cm 

− 1 ) from 0.018
o 0.021 and 0.010 to 0.024, and symmetric stretching vibrations (2873
m 

− 1 ) from 0.016 to 0.018 and 0.09 to 0.022, in Black and White cow-
ea flour cultivars, respectively. The absorbance ratio at 2854 to 2873
m-1 represents the change in lipid/protein ratio ( Boyar, Zorlu, Mut,
 Severcan, 2004 ). The lipid/protein ratio of germinated cowpea in-
reased from 0.96 to 0.97 and 0.88 to 0.95 in black and white cultivars,
ndicating the increased intensity of CH2 symmetric stretching vibra-
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Fig. 2. Spectra of native and germinate cowpea flour cultivars in 3700-3050 cm 

− 1 region normalized concerning Amide A Band at 3275 cm 

− 1 . 

Fig. 3. Spectra of native and germinate cowpea flour cultivars in the 3050-2800 cm 

− 1 region normalized concerning the CH3 asymmetric band at 2926 cm 

− 1 . 

4 
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Fig. 4. Spectra of native and germinate cowpea flour cultivars in the 1800-1000cm 

− 1 region normalized concerning the Amide I band at 1650 cm 

− 1 . 
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ions. The frequency range of 1800 to 1000 cm 

− 1 showed peaks around
ands at 1746 cm 

− 1 , 1650 cm 

− 1 , and 1546 cm 

− 1 related to ester C = O
tretching of lipids ( Gunarathne, Marikkar, Yalegama, & Mendis, 2022 ),
mide I and Amide II of structural proteins ( Dogan, Siyakus, & Severcan,
007 ). The 1800 to 1000 region of germinated cowpea flour cultivars
bserved an increase in absorbance compared to native ( Fig. 4 ), reveal-
ng a change in lipid-protein ratio and secondary protein structures of
owpea flour under the germination process. 

.2. Starch short-range ordered structures of cowpea flour 

The ATR FT-IR spectroscopy (800 to 1200 cm 

− 1 ) corresponds to
 fingerprinting region associated with C–C, C–O, and C–H stretch-
ng vibrations ( Siwatch, Yadav, & Yadav, 2017 ). The fingerprint re-
ion is associated with wavelengths of 1047, 1022, and 995 cm 

− 1 to
etermin e short-range ordered structures of starch in different starch
ypes of food products. The band at 1047 cm 

− 1 corresponds ordered
tructure of starch, 1022 cm 

− 1 for the amorphous nature of starch,
nd 995 cm 

− 1 for the hydrated crystalline nature of starchy substances
 Capron, Robert, Colonna, Brogly, & Planchot, 2007 ; Bello-Perez, Ot-
enhof, Agama-Acevedo, & Farhat, 2005 ). The absorbance of specific
avenumber at 995, 1022, and 1047 cm 

− 1 were 0.062, 0.063, 0.062,
.048, 0.047 and 0.045 abs in native black and white cowpea culti-
ars, respectively. With germination, the absorbance of bands showed
n increased trend in cowpea flour ( Fig. 5 ). The absorbance of the
047/1022 cm 

− 1 ratio determines the ordered to amorphous starch and
he 1022/995 cm 

− 1 ratio for localization of double helices starch within
rystallites ( Wang et al., 2015 ). The ratio of 1047/1022 cm 

− 1 was 0.952
nd 0.957 in native and 0.910 and 0.967 in germinated Black and White
owpea flour, and 1022/995 cm 

− 1 ratio of 1.016 and 0.979 in native and
.967 and 1.034 in germinated Black and White cowpea flour, respec-
ively. The 1047/1022 cm 

− 1 and 1022/995 cm 

− 1 absorbance ratios of
5 
avenumber decreased in Black cowpea flour and increased in White
owpea flour due to germination. This showed alteration of the ordered
tructure of starch fraction of cowpea flour during germination. The
047/1022 cm 

− 1 and 1022/995 cm 

− 1 ratios in Black cowpea flour un-
er germination showed a reduction of short-range ordered structures
nd long-ordered starch fraction in germinated White cowpea flour. The
tudy justfy the degree of ordered starch and their alteration in terms of
morphous/crystallinity nature concerning germination and cultivars.
herefore, the study of starch order structure is critical for understand-

ng germinated flours’ functionality and potential applications in food
pplications ( Gutiérrez-Osnaya et al., 2020 ). 

.3. Protein secondary structure of cowpea flour 

The secondary structure of native and germinated cowpea flour rep-
esents ( Table 1 ) the average summative percentage areas, and Fig. 6
hows the deconvoluted Gaussian-shaped curves of the amide I band of
erminated cowpea flour. The 1700-1600 cm 

− 1 is the sensitive region
elated to Amide-I raised due to C = O stretching of the peptide group
nd is associated with the sum of the overlapped structures such as 𝛽-
heet, random coils, 𝛼-helix, and 𝛽-turns ( Xu et al., 2020 ). The amide I
eak frequencies of 1648-1660 cm 

− 1 and 1630 cm 

− 1 were assigned for
-helix, 1612-1641 cm 

− 1 , 1626-1640 cm 

− 1 , and 1670-1694 cm 

− 1 for 𝛽-
heets, 1662-1684 for turns, and 1640-1650 for random coil secondary
tructures ( Carbonaro, & Nucara, 2010 ). The mean relative proportion
f protein structures were 57.72 % and 51.15%, 64.67% and 31.09 %
or 𝛽-sheets, 8.45 % and 0.14 %, 7.99 % and 4.57% for 𝛼-helix, 15.24 %
nd 16.40 %, 16.37% and 15.22% for turns, and 14.30 % and 30.67%,
.24 % and 19.25% for random coils of native and germinated Black and
hite cowpea cultivars. The 𝛽-sheets and 𝛼-helix content are related to

rdered protein structures ( Sofi, Singh, Muzaffar, & Dar, 2021 ). The 𝛽-
heets were reported highest proportions as compared to 𝛼-helix content
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Fig. 5. Fingerprint region (1200 to 800 cm 

− 1 ) of native 
and germinate cowpea flour for ordered structures. 

Table 1 

The relative proportion of protein secondary structure in native and germinated cowpea 
flour cultivars. 

Sample B-sheets (%) 𝛼-Helix (%) Random Coil (%) Turn (%) 

Black Cowpea-Native 57.72 ± 0.65 c 8.45 ± 0.14 d 14.3 ± 0.08 b 15.24 ± 0.10 b 

Black Cowpea-Germ 51.15 ± 0.87 b 0.14 ± 0.08 a 30.67 ± 0.04 d 16.40 ± 0.13 d 

White Cowpea-Native 64.67 ± 0.62 d 7.99 ± 0.12 c 1.24 ± 0.02 a 15.22 ± 0.09 a 

White Cowpea-Germ 31.09 ± 0.72 a 4.57 ± 0.17 b 19.25 ± 0.11 c 16.37 ± 0.08 c 

Values were expressed as the average of triplicates ± Standard deviation 
Different superscript letters (a–d) in the same column indicate a significant difference 
between native and germinated flour from cowpea chickpea cultivars 
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n cowpea cultivars, as similar results were reported in different pulses
ours by Shevkani, Singh, Rana, & Kaur (2014) and Ghumman, Kaur, &
ingh, (2016) . The result showed a shift of 𝛽-sheets and 𝛼-helix into ran-
om coils and 𝛽-turn structures, representing an increase in germinated
owpea flour’s amorphous structure compared to native. The decreased
roportion of ordered structures of 𝛽-sheet and 𝛼-helix during germina-
ion breaks their hydrogen bonding and converts them into disordered
tructures (turns and random coils) ( Xu et al., 2020 ). 

.4. Intrinsic fluorescence spectroscopy 

Intrinsic fluorescence is related to characterizing the tertiary struc-
ure of the proteins by determining the behavior of fluorescent com-
ounds on the molecular surface of proteins ( Chen, Chen, Ren, & Zhao,
011 ). The fluorescent compounds (tryptophan, tyrosine and phenylala-
ine) altered under the fluorescence spectrum reflects the change in pro-
ein conformational structure at the tertiary level ( Shen, & Tang, 2012 ).
he maximum absorption concerning the fluorescence peak emission of
roteins shifted to the right (red shift) and left (blue shift) represents the
egree of protein conformations ( Wang et al., 2020 ). The germinated
ours shifts in the maximum fluorescence intensity (347 to 348 nm),
eflecting the redshifts in germinated flours due to the protein unfold-
6 
ng chain and hence increased concentrations of fluorescent compounds
n the medium ( Kristo, Hazizaj, & Corredig, 2012 ). Fig. 7 showed max-
mum fluorescence intensities in native flours compared to germinated
nes, reflecting the decreased concentrations of fluorescent compounds
uring germination in cowpea flour. The decreased fluorescence emis-
ion spectrum of germinated cowpea was due to alteration in the pro-
ein chain by activation of endogenous enzymes during germination,
esulting in exposure of fluorescent compounds in an aqueous medium
 Kang, Zhang, Guo, Lei, & Yang, 2022 ). 

.5. Ultraviolet spectrum analysis 

Ultraviolet spectrum was used in the cowpea flour samples to ana-
yze the change in protein conformation. The cowpea flour under ger-
ination treatment alters the nutrients such as proteins which contain

ide chains residues of tryptophan, tyrosine, phenylalanine, histidine,
nd cysteine amino acids that produce ultraviolet absorption spectrum
 Kelly, Jess, & Price, 2005 ). Fig. 8 shows the ultraviolet spectrum with
n almost similar spectrum in native and germinated cowpea flour. The
aximum absorption at 210 nm was reported in all the flour samples.
he maximum absorption peak in the ultraviolet absorption spectrum
f cowpea flour samples was observed towards the short wave direc-
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Fig. 6. De-convoluted amide I bands of pro- 
tein secondary structure of native and germi- 
nate cowpea flour cultivars. 
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Fig. 6. Continued 
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ion resulting in the spectrum shifting towards a blue shift ( Wang et al.,
020 ). The blue shift of flours could be related to the protein modifica-
ion under germination that alters the protein structure that increases
he absorption of ultraviolet light by tryptophan tyrosine and phenylala-
ine residue, and a blue shift occurred. 
8 
.6. Sodium dodecyl sulphate polyacrylamide gel electrophoresis 

SDS-PAGE) 

SDS-PAGE of native and germinated black and white cowpea culti-
ars are presented in Fig. 9 , and quantitative data of band with relative
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Fig. 7. Intrinsic fluorescence analysis of native and 
germinate cowpea flour cultivars. 

Fig. 8. UV Spectrum analysis of native and germinate 
cowpea flour cultivars. 
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8  
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6  

8  

(  
igration (Rf) are in Table 2 . The protein profiling of the electrophero-
ram showed a range of molecular weights from 10 to 225 kDa. The
hite and Black cowpea native showed bands at 214.50, 102.88, 86.19,

7.84, 60.20, 44.03, 32.12, 28.59, 23.32, 18.39, 13.16 and 8.99 kDa
nd 207.05, 143.79, 116.62, 105.97, 82.25, 63.51, 53.96, 44.10, 31.43,
4.65, 21.99 17.75, 12.55, 10.15 and 8.17 kDa. The bands showed in-
9 
rease in protein bands upon germination at 206.73, 112.73, 103.42,
7.89, 77.50, 59.24, 43.21, 28.70, 23.33, 18.41, 16.73, 12.97 and 8.81
Da in White cowpea germ, and 149.69, 123.25, 114.92, 102.53, 88.45,
8.96, 57.82, 48.98, 41.60, 27.13, 22.27, 19.27, 17.14, 13.58, 11.06 and
.74 kDa in Black cowpea germ. The variations in the intensities of high
25 to 225 kDa) and low (19 to 10 kDa) molecular weight proteins in
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Table 2 

The relative proportion of center peaks, amplitude, half width and their protein secondary structure in native and germinated cowpea flour 
cultivars. 

Black Cowpea Native Black Cowpea Germ 

Peak No. Centre Peak Amplitude Half Width Structure Peak No. Centre Peak Amplitude Half Width Structure 

1 1605 0.02426 11.83002 B-sheets 1 1613 0.0101 0.0006 B-sheets 
2 1610 0.02713 10.92694 B-sheets 2 1627 0.0004 27.53 B-sheets 
3 1617 0.03239 10.37172 B-sheets 3 1627 0.0035 53.51 B-sheets 
4 1635 0.04504 66.99493 B-sheets 4 1644 0.0169 37.46 Random Coils 
5 1644 0.0437 18.6079 Random Coils 5 1650 0.016 0.046 𝛼-Helix 
6 1652 0.04052 11.86405 𝛼-Helix 6 1660 0.0008 20.37 Turn 
7 1660 0.03429 10.3478 Turn 7 1671 0.005 17.3 B-sheets 
8 1668 0.02728 9.03823 Turn 8 1681 0.007 12.83 B-sheets 
9 1675 0.02127 7.81196 B-sheets 9 1691 0.006 9.5 B-sheets 
10 1683 0.01484 6.7174 B-sheets 

White Cowpea Native White Cowpea Germ 

Peak No. Centre Peak Amplitude Half Width Structure Peak No. Centre Peak Amplitude Half Width Structure 

1 1634 0.0098 45.05 B-sheets 1 1615 0.004 54.17 B-sheets 
2 1639 0.011 33.86 B-sheets 2 1628 0.013 19.49 B-sheets 
3 1656 0.0058 19.82 𝛼-Helix 3 1634 0.018 30.41 B-sheets 
4 1666 0.0063 14.79 Turn 4 1644 0.027 22.21 Random Coils 
5 1651 0.00077 0.050 Random Coils 5 1653 0.012 11.96 𝛼-Helix 
6 1675 0.0045 12.54 B-sheets 6 1661 0.023 11.92 Turn 
7 1685 0.0053 16.28 B-sheets 7 1670 0.018 10.90 B-sheets 

8 1679 0.016 12.22 B-sheets 
9 1690 0.007 11.16 B-sheets 

Table 3 

Quantitative analysis of SDS-PAGE of analysis of native and germinate cowpea flour cultivars. 

White Cowpea –Native (1) White Cowpea –Germ (2) Black Cowpea –Native (3) Black Cowpea –Germ (4) 

Band 
No. 

Relative 
Migration 
(Rf) 

Molecular 
weight 
(KDa) 

Band 
No. 

Relative 
Migration 
(Rf) 

Molecular 
weight 
(KDa) 

Band 
No. 

Relative 
Migration 
(Rf) 

Molecular 
weight 
(KDa) 

Band 
No. 

Relative 
Migration 
(Rf) 

Molecular 
weight 
(KDa) 

1 0.041 214.50 1 0.052 206.73 1 0.052 207.05 1 0.146 149.69 
2 0.256 102.88 2 0.229 112.73 2 0.158 143.79 2 0.203 123.25 
3 0.307 86.19 3 0.254 103.42 3 0.219 116.62 3 0.223 114.92 
4 0.337 77.84 4 0.302 87.89 4 0.247 105.97 4 0.257 102.53 
5 0.412 60.20 5 0.338 77.50 5 0.321 82.25 5 0.300 88.45 
6 0.503 44.03 6 0.417 59.24 6 0.397 63.51 6 0.372 68.96 
7 0.595 32.12 7 0.509 43.21 7 0.444 53.96 7 0.424 57.82 
8 0.629 28.59 8 0.628 28.70 8 0.503 44.10 8 0.472 48.98 
9 0.689 23.32 9 0.689 23.33 9 0.602 31.43 9 0.520 41.60 
10 0.758 18.39 10 0.758 18.41 10 0.673 24.65 10 0.645 27.13 
11 0.856 13.16 11 0.786 16.73 11 0.706 21.99 11 0.702 22.27 
12 0.967 8.99 12 0.860 12.97 12 0.769 17.75 12 0.745 19.27 
- - - 13 0.973 8.81 13 0.870 12.55 13 0.779 17.14 
- - - - - - 14 0.932 10.15 14 0.847 13.58 
- - - - - - 15 0.995 8.17 15 0.907 11.06 
- - - - - - - - 16 0.975 8.74 
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erminated cowpea cultivars than the native one. The change in inten-
ity may be related to activated proteolytic enzymes during germination
 Ghumman, Kaur, & Singh, 2016 ). The SDS Page showed variations in
hite and black cowpea cultivars, which is related to their difference in

heir protein profiling and spectroscopic properties between the cowpea
ultivars Table 3 . 

. Conclusions 

The germination process is a low cost technology associated with
etabolic activities in the grain, which results in improving the nutri-

ional profile and alternations of biochemical constituents. The cowpea a
ich source of proteins with wide industrial application for development
f functional foods like sprouts, fermented flour, gluten free products,
eptides, canned products and vegan foods. Spectroscopic techniques
re used to reveal the change in chemical constituents in pulses under
10 
ermination. The ATIR-FTIR showed alterations in protein structures
nd starch crystallinity of germinated cowpea cultivars. Intrinsic fluo-
escence showed decreasing fluorescence, and UV spectrum revealed an
ncrease in maximum absorption, indicating biochemical modification
n cowpea flour under germination. The electrophoresis also showed a
hange in protein intensities in germinated cowpea cultivars. The spec-
roscopy technique can be one of the methods to reveal the modifica-
ions in the germinated grains at industrial level. Future prospects and
ommercial importance of the study will be spectroscopic methods for
uantitative analysis, characterization and quality control in pulse re-
earch and pulse based functional food products. 
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Fig. 9. Electrophoresis of analysis of native and germinate cowpea flour culti- 
vars. 
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