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Abstract 

The effect of different treatments (boiling, autoclaving, microwave cooking and Sodium carbonate 

treatment) on the levels of certain anti-nutritional factors (phytic acid, HCN andtannins) and in vitro 

protein digestibility (IVPD) of wild apricot kernel press cake protein isolate were investigated. All heat 

treatments significantly reduced the levels of all the investigated antinutrients and improved the IVPD 

of protein isolate. Apricot kernel press cake protein isolate was observed free from hydrogen cyanide 

(HCN). Phytic acid and tannins were reduced with the heating at 100 °C for 30 minutes. The 

digestibility of proteins was an important parameter to evaluate their nutritional quality. In-vitro protein 

digestibility of protein isolate was 80.58 per cent. The fractionation of PI revealed globulin fraction 

(433.10 g/kg), albumin fraction (286.20 g/kg), glutelin fraction (198.50 g/kg), and prolamin fraction 

(81.16 g/kg). Sodium dodecyl-sulphate poly-acrylamide gel electrophoresis was done with standard 

molecular weight markers (13 to 100 kDa). Further, TLC profiling of the PI from APC revealed the 

presence of 9 essential amino acids. 

 
Keywords: Anti-nutritional factors, in vitro protein digestibility, protein isolate, TLC, SDS-PAGE 

 

Introduction 

Anti-nutritional factors are compounds found in most of the food substances in varying 

amount which are poisonous to human or in some ways limiting the nutrient availability to 

the body. Most of these anti-nutritional factors are present in foods of plant origin. Thus, the 

presence of cyanogenic glycosides, tannins, alkaloids, and phytic acid in foods may induce 

undesirable effects in humans if their consumption exceeds an upper limit. These anti-

nutritional factors must be inactivated or removed to maintain the values of food substances 

(Ogbadoyi et al. 2011) [41]. Hydrogen cyanide is a volatile compound and evaporates rapidly 

in the air at temperatures over 28 °C and dissolves rapidly in water. It may easily be lost 

during transport, storage and analysis of samples. It is a chemical compound released from 

cyanogenic glycosides, natural constituents present in bitter almonds, sorghum, cassava, lima 

beans, stone fruits, apricot press cake and bamboo shoots. The hydrogen cyanide may be 

toxic to humans, animals and the severity of the toxicity depends on the quantity consumed. 

Phytate also known as Inositol hexakisphosphate is the salt form of phytic acid, found in 

plants. Phytic acid causes the decrease in bioavailability of essential minerals and turn into 

insoluble compounds those absorption and digestion is less in the small intestine (Desphande 

and Cheryan, 1984) [14]. Phytic acid is reported to chelate metal ions such as calcium, 

magnesium, zinc, copper, iron and molybdenum to form insoluble complexes those are not 

readily absorbed from gastrointestinal tract. Phytic acid also inhibits the action of 

gastrointestinal tyrosinase, trypsin, pepsin, lipase and amylase (Erdman, 1979) [20]. The anti-

nutritional properties of tannins depend upon their chemical structure and doses. These are 

heat stable and decreased protein digestibility in animals and humans, probably by either 

making protein partially unavailable or inhibiting digestive enzymes and increasing fecal 

nitrogen.  
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Tannins are known to be present in food products and to 

inhibit the activities of trypsin, chymotrypsin, amylase, 

lipase and decrease the protein quality of foods and interfere 

with dietary iron absorption (Liener, 1980) [32]. 

 

Materials and Methods 

Procurement of raw materials 

Wild apricot kernel press cake was procured from the agro 

processing center on oil processing under AICRP unit, 

Department of Food Science and Technology, Dr YS 

Parmar, UHF, Nauni, Solan. Whereas, chemical standards 

were purchased from certified agencies and brought to the 

laboratory of Department of Food Science and Technology 

for conducting further studies. Protein isolate was extracted 

by the standard methods described by Thakur et al., 2021. 

 

Removal of anti-nutritional factors 

Different combinations/treatments were tried for removal of 

anti nutritional factors viz. HCN, phytic acid and tannin as 

per following treatments: PT1 (Control), PT2 (Heating in 

water at 100 °C for 10 min), PT3 (Heating in water at 100 °C 

for 20 min), PT4 (Heating in water at 100 °C for 30 min), 

PT5 (Heating in 0.1% sodium bicarbonate at 100 °C for 10 

min), PT6 (Heating in 0.1% sodium bicarbonate at 100 °C 

for 20 min), PT7 (Heating in 0.1% sodium bicarbonate at 

100 °C for 30 min), PT8 (Autoclaving at 121 °C for 10 min), 

PT9 (Autoclaving at 121 °C for 20 min), PT10 (Autoclaving 

at 121 °C for 30 min), PT11 (Microwave heating for 3 min), 

PT12 (Microwave heating for 6 min) and PT13 (Microwave 

heating for 9 min). 

 

Analysis 

HCN Content  

Qualitative method (Prussian blue test) 

To preweighed sample (0.5-10 g), 2 ml freshly prepared 3 

per cent FeSO4.7H2O solution was added followed by 

addition of single drop of 1 per cent FeCl3.6H2O solution. 

After proper mixing, 10 per cent NaOH solution was added 

drop wise until no further precipitate formed followed by 

dissolving of precipitates by adding dilute H2SO4 (1+9) 

solution (AOAC, 1995) [1]. The development of prussian 

blue colour indicated the presence of HCN (Figure 1).  

 

Quantitative method (Alkaline-titration method)  

Alkaline-titration method was followed for quantitative 

estimation of hydro- cyanic acid. 0.5-20 g sample was 

mixed with 200 ml water and allowed to stand for 2 hours 

for complete hydrolysis of amygdalin to HCN. The mixture 

was then steam distilled to collect 150-160 ml of distillate in 

NaOH solution (0.5 g in 20 ml H2O) followed by its dilution 

to 250 ml. 100 ml aliquat containing 8 ml 6N NH4OH and 2 

ml 5% KI solution was then titrated against 0.02N AgNO3 to 

a faint permanent turbid colour (AOAC, 1995) [1]. The HCN 

content (mg/100 g) in the sample was then calculated using 

following expression: 

 

  
 

Phytic acid content  

Phytic acid was determined by extracting 0.5 g of sample 

from raw material with 0.2 M HCl for 3h followed by 

centrifugation at 3000 rpm for30 min. The extract (0.5 ml) 

was mixed with 1 ml of ferric ammonium sulphate solution 

(0.2 g ofNH4Fe(SO4)2⋅12H2O in 100 ml 2 M HCl and made 

up to 1000 ml), incubated in a boiling water bath for 30min 

and then cooled in an ice water bath until reached room 

temperature. After the cooling 2 ml of 2,2 bipyridine 

solution was added. The absorbance was measured 

immediately at 519 nm and phytic acid content was 

calculated using the calibration curve (Ranganna, 2009) [8-9]. 

Calibration was set up with the reference solutions prepared 

by diluting the stock solution (1.3 mg/ml phytic acid). 

 

Tannin content  

Tannin was determined by measuring 0.2 g of finely ground 

samples into a 50 ml beaker. 20 ml of 50 per cent methanol 

was added and covered, and placed in a water bath at 79oC 

for1hour and stirred with a glass rod to prevent lumping. 

The extract was quantitatively filtered using a double 

layered Whatman No.1 filter paper into a 100 ml volumetric 

flask using 50 per cent methanol to rinse. This was made up 

to mark with distilled water and thoroughly mixed. 1 ml of 

sample extract was pipetted into 50 ml volumetric flask, and 

20 ml distilled water, 2.5 ml Folin-Denis reagent and 10 ml 

of 17 per cent Na2C03 were added and mixed properly. The 

mixture was made up to mark with distilled water, mixed 

well and allowed to stand for 20minutes when a bluish-

green colour developed. Standard Tannic Acid solutions of 

range 0-10 ppm were treated similarly as 1 ml of sample 

above. The absorbance of the Tannic Acid Standard 

solutions as well as samples were read after colour 

development on Spectrophotometer at a wavelength of 760 

nm (Ranganna, 2009) [8-9]. 

 

In-vitro protein dig esbility  

In vitro protein digestibility includes two steps of 

proteolysis by pepsin and pancreatin enzymes. Ground 

sample (0.5 g) was mixed with 50 ml of pepsin solution (5 g 

pepsin in one litre of 0.1 N HCL) in 250 ml conical flask 

and incubated at 37 °C for 2 hours. The solution was 

neutralized with 30 ml of 0.2 N NaOH. About 50 ml of 

pancreatin solution (4 g pancreatin in one litre of phosphate 

buffer) were added and the mixture was incubated at 37 °C 

for 2 hours. Few drops of toluene were added to the mixture 

to maintain aseptic environment. The mixture was 

centrifuged at 3000 rpm for 20 min and filtered through 

Whatman No 42 filter paper. The residue was analyzed for 

N content by macro-kjeldahl method. Digestibility was 

calculated by subtracting the residue protein from the initial 

protein on the basis of 100 g of sample. 

 

Fractionation of Protein isolate 

Fractionation of protein isolate was estimated by a method 

described by Dey, and Sinhababu (2018) [14] with the slight 

modification. In this method four solvents were used, 

consecutively, to extract the protein fractions from protein 

isolate. Initially about 10 g sample of PI was mixed with 

distilled water (1:10, w/v) and stirred with a magnetic stirrer 

(Gallenhamp-model SS-615) at 20 °C temperature for 30 

min, followed by centrifugation at 10,000 rpm for 30 min to 

obtain the albumin fraction. The resulted residue was used 

to extract the protein by stirring for 4 hr with 250 ml of 10% 

NaCl (1:10, w/v) at 4°C using magnetic stirrer and followed 

by centrifugation at 10,000 rpm for 30 min. The recovered 

supernatant was filtered to obtain the globulin fraction and 

again the residue was extracted with 250 ml of 70% aqueous 
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2-propanol (1:10, w/v) for 4 hr followed by centrifugation at 

10,000 rpm for 30 min to obtain the prolamin fraction. At 

the end, residue left was extracted with 250 ml of 0.1 N 

NaOH for 4 hr to obtain glutelin fraction. All the fractions 

were obtained by precipitating the respective supernatant 

with 1 N trichloroacetic acid at pH 4 and each precipitate 

was washed (three times) and dialyzed (48 hr at 4 °C) with 

distilled water. Each protein fractions (albumins, globulins, 

prolamins, and glutelins) were freeze dried and kept for 

further analysis. 

 

Sodium dodecyl-sulphate poly-acrylamide gel 

electrophoresis (SDS-PAGE) 

SDS–PAGE studies of protein isolate fractions were 

estimated by the method described by Shevkani, Singh, 

Kaur, and Rana, (2015) [55] with slight modification. About 

10% of gel (Biorad) was used for molecular mass and purity 

analysis of protein fractions. Protein sample of 20 μg was 

loaded to the lane of the gel at a steady voltage of 150 V in 

10% Sodium dodecyl-sulphaterunning buffer followed by 

staining with 0.006% coomassie blue dye in 10% (v/v) 

acetic acid and 90% (v/v) double-distilled water solution for 

30 min and destained by 45% (v/v) methanol and 10% (v/v) 

acetic acid aqueous solution on a rocker at room 

temperature. The resulted bands were compared with 

standard proteins bands of range molecular weight, Bio-Rad 

Hercules, 13-100 kDa) and followed by visualized with 

Coomassie Brilliant Blue dyeR-250 for 1 hr.  

 

Detection of amino acids on Thin Layer 

Chromatography (TLC) plates 

Thin Layer Chromatography was done according to the 

modified method of Sen et al, (2012) [53]. Standard solutions 

(1 mg/ml) of amino acids were prepared in 0.01 M 

phosphate buffer (pH 8.0) and spotted (1 μL) on the TLC 

plates. Plates were air dried and subjected to TLC using 

solvent [Butanol, acetic acid, water in 8:2:2 (v/v)] as mobile 

phase. After the development of spots, plates were dried and 

sprayed with 0.25% ninhydrin reagent followed by drying in 

air and colors were noted. The plates were then heated at 

110 °C for 10 min in an oven and the colors were recorded 

again. Then plate was exposed to vapors of concentrated 

NH4OH which helps in the stabilization of colour. The Rf 

values were calculated and comparison was made between 

standard and unknown sample by using the following 

formula: 

 

Rf =  
Substance Distance

Solvent Distance
  

 

Statistical analysis 
All the analytical parameters were recorded in triplicates 

and the mean value of each parameter was described. The 

data of quantitative estimation of biochemical characteristics 

were assessed by factorial CRD using two factors analysis 

of variance (ANOVA) with the help of OPSTAT software 

(Cochran and Cox, 1967) and also followed by Duncan’s 

multiple range test at P = 0.05 to compare means of 

variables using SPSS statistical package (16.0 version). 

 

Results and Discussion 

Removal/Reduction of hydrogen cynide (HCN) content 

The qualitative test (Prussian blue colour test) for the 

presence of HCN content in apricot kernel press cake 

protein isolate has been presented in Fig 2-c. It is clear from 

that there was no indication of Prussian blue color which 

was the end point of the test. It indicates that the protein 

isolate contained no HCN content. Our results are similar 

with the findings of Sharma et al. (2010) [54], who reported 

that apricot kernel press cake protein isolate had nil HCN 

content.

 

 
 

Fig 2: (A) Protein Fractionation  

(B) SDS-PAGE profiles of protein fractions from protein isolates  

Lane St-Standard protein markers with molecular weights of 13-100 kDa  

Lane 1. Albumin traction; Lane 2, Globulin fraction  

Lane 3, Glutelin fraction; Lane 4. Prolamin fraction.  

(C) Prussian blue colour test for qualitative estimation of hydrogen cynide (HCN) 
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Removal/Reduction of Phytic acid content 

The effect of different heating methods on phytic acid 

content of apricot kernel press cake protein isolate has been 

observed by using Duncans’s multiple range test (Table 1). 

The protein isolate was observed with phytic acid content 

(0.35%) and reduce significantly with application of 

different treatments. The treatment PT4 (Heating in water at 

100 °C for 30 min), PT7 (Heating in 0.1% sodium 

bicarbonate at 100 °C for 30 min)and PT10 (autoclaving at 

121 °C for 30 min) significantly reduced the phytic acid 

content to 0.10 per cent. However the effect of microwave 

heating on phytic acid content was found to reduced 0.16 

per cent after 9 min of application. Our results are 

conformity with the finding of Idoko et al. (2014) [26] in 

water melon protein isolate reported that phytic acid content 

reduced 0.29 to 0.21 per cent by boiling and 0.29 to 0.23 per 

cent by autoclaving. Similar results for maximum reduction 

in phytic acid content (6.15 to 5.90 mg/g) by autoclaving 

was reported by Kadam et al. (1987) [29] in winged bean. 

 
Table 1: Optimization of process for removal/reduction of phytic acid from protein isolates 

 

Treatments Phytic acid (%) 

PT1 (Control) 0.35a 

PT2 (Heating in water at 100 °C for 10 min) 0.25bc 

PT3 (Heating in water at 100 °C for 20 min) 0.15ef 

PT4 (Heating in water at 100 °C for 30 min) 0.10f 

PT5 (Heating in 0.1% sodium bicarbonate at 100 °C for 10 min) 0.22bcd 

PT6 (Heating in 0.1% sodium bicarbonate at 100 °C for 20 min) 0.15ef 

PT7 (Heating in 0.1% sodium bicarbonate at 100 °C for 30 min) 0.10f 

PT8 (Autoclaving at 121 °C for 10 min) 0.20cde 

PT9 (Autoclaving at 121 °C for 20 min) 0.17de 

PT10 (Autoclaving at 121 °C for 30 min) 0.10f 

PT11 (Microwave heating for 3 min) 0.28b 

PT12 (Microwave heating for 6 min) 0.20cde 

PT13 (Microwave heating for 9 min) 0.16def 

*Mean values (n=3) followed by different lower case letters are significantly different at p≤0.05 according to Duncans’s multiple range test 

  

Removal/Reduction of Tannins content 

The protein isolate was observed with tannin content 

(0.40%) and reduce significantly with application of 

different treatments (Table 2). The treatment TT4 (Heating 

in water at 100 °C for 30 min), TT7 (Heating in 0.1% 

sodium bicarbonate at 100 °C for 30 min), TT10 (autoclaving 

at 121 °C for 30 min) and TT13 (Microwave heating for 9 

min) significantly reduced the tannin content to 0.15 per 

cent, 0.20 per cent, 0.15 per cent and 0.25 per cent, 

respectively. Similar results for reduction of tannin content 

were reported by Maidala et al. (2013) [33] in Cowpea from 

8.07 to 5.93 mg/100 g during cooking. Whereas, Rahman et 

al. (2015) [45] had reported in apricot meal that different 

cooking methods (heating, microwave heating and 

autoclaving) had significant effect in the reduction of tannin 

content. Embaby (2011) [18] had studied the effect of boiling, 

microwave and autoclaving on tannin content in peanut seed 

and observed that tannin content reduced from 8.90 to 5.20 

per cent by boiling for 20 min to 40 min, 8.90 to 7.30 per 

cent by microwave heating for 6 to 12 min and 8.90 to 2.80 

per cent by autoclaving for 10 to 20 min.  

 
Table 2: Optimization of process for removal/reduction of tannin content from protein isolates 

 

Treatments Tannin (%) 

TT1 (Control) 0.40a 

TT2 (Heating in water at 100 °C for 10 min) 0.30bc 

TT3 (Heating in water at 100 °C for 20 min) 0.20cd 

TT4 (Heating in water at 100 °C for 30 min) 0.15d 

TT5 (Heating in 0.1% sodium bicarbonate at 100 °C for 10 min) 0.32ab 

TT6 (Heating in 0.1% sodium bicarbonate at 100 °C for 20 min) 0.22cd 

TT7 (Heating in 0.1% sodium bicarbonate at 100 °C for 30 min) 0.20cd 

TT8 (Autoclaving at 121 °C for 10 min) 0.25bcd 

TT9 (Autoclaving at 121 °C for 20 min) 0.15d 

TT10 (Autoclaving at 121 °C for 30 min) 0.15d 

TT11 (Microwave heating for 3 min) 0.30bc 

TT12 (Microwave heating for 6 min) 0.25bcd 

TT13 (Microwave heating for 9 min) 0.25bcd 

*Mean values (n=3) followed by different lower case letters are significantly different at p≤0.05 according to Duncans’s multiple range test 

 

In vitro protein digestibility 

The digestibility of proteins is an important parameter to 

evaluate their nutritional quality. In vitro protein 

digestibility of protein isolate was (80.58%). Where as, In 

vitro digestibility of beach pea protein isolate with pepsin-

trypsin and pepsin-pancreatin were evaluated and observed 

that protein isolate (NaOH extracted) had digestibility 

values with pepsin-trypsin of 80.60 to 82.60 per cent and 

with pepsin-pancreatin of 78.60-79.20 per cent (Chavan et 

al. 2001) [10]. Nicanor et al. (2014) [38-39] had studied the in 

vitro digestibility of mamey sapote defatted meal (MSDM) 

and mamey sapote protein isolate (MSPI) and observed that 

the digestibility of the MSPI (73.6 ± 0.1%) was higher than 

that of the MSDM (68.71 ± 0.2%). This difference was most 

likely caused by the isolation process because this process 

increased the protein concentration, denatured the proteins, 
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and destroyed protease inhibitors, thereby increased protein 

availability. The relatively high digestibility obtained 

suggests MSPI as a promising food ingredient (Bernardino 

et al. 2001) [7]. 

 

Fractionation of protein isolate 

The Osborne solubility based protein fractionation were 

famed into four different fractions (Fig 1&2) which are 

albumin (water-soluble), globulin (NaCl-soluble), prolamins 

(aqueous 2-propanol-soluble) and glutelins (NaOH-soluble). 

Among different fractions, globulin fraction was the 

dominant 433.10 ± 1.25 g/kg protein, followed by albumin 

fraction 286.20 ± 1.12 g/kg protein, glutelin fraction 198.50 

± 0.80 g/kg protein and prolamin fraction 81.16± 0.22 g/kg 

protein (Fig 3). The findings of our study are also in line 

with the results reported by Tounkara et al, (2013) [61] in 

defatted Roselle seed. They reported globulin fraction 

(31.18%), albumin fraction (16.47%), glutelin fraction 

(10.20%) and prolamin fraction (5.57%). Amza et al, (2015) 
[5] had also reported glutelin, albumin, globulin and 

prolamin fractions of ginger-bread plum seeds were 406 

g/kg protein, 276 g/kg protein,258 g/kg protein and 64.8 

g/kg protein, respectively. 

 

 
 

Fig 1: Fractionation of protein isolate 

 

Distribution of molecular weight 
Sodium dodecyl-sulphate poly-acrylamide gel 

electrophoresis (SDS-PAGE) of protein isolate from wild 

apricot press cake (WAPC) is presented in Fig. 2-B. This 

SDS-PAGE confirmed the presence of fractions present in 

PI with different ranges of bands along with standard 

molecular marker band. PI showed a number of polypeptide 

subunits of molecular weight (Mw) between 100 and 13 

kDa with main subunits of 13, 24, 32, 41, 49 and 93 kDa. 

The albumin fraction appears as smears of six bands around 

the 24, 29, 32, 49, 85 and 93 kDa. The polypeptide subunits 

of 93 were most prominent in albumin fraction. Similar 

albumin fraction from Akebia trifoliata var. Australis seed 

were reported by Du et al, (2012) [15] and displayed eight 

distinct subunits with major bands at about 49.0, 46.5, 35.6, 

30.3, 19.0, 16.5, 13.9 and 12.3 kDa. The globulin fraction 

showed five subunits at 29, 32, 41, 44 and 97 kDa and 

glutelin fraction showed three subunits at 32, 41 and 49 

kDa, while prolamin fraction showed only two subunits at 

13 and 24 kDa. Our results were noteworthy with the earlier 

findings of Tounkara et al, (2013) [61] who reported the 

SDS-PAGE of roselle seed protein isolate (RSPI) and 

observed that the molecular weight of all fractions ranged 

from 55 kDa to 14 kDa. The RSPI possessed ten intense 

polypeptide bands with the molecular weights of 55, 41, 35, 

29, 25, 23,22, 17, 16, and 14 kDa. The globulin fraction 

showed ten major polypeptide bands with molecular weights 

of 55, 41, 40, 29, 25, 23, 22, 17, 16 and 14 kDa. Where as, 

glutelin fractions showed eight polypeptide bands at 

molecular weight of 55, 41, 35, 28, 23, 22, 20, 19 and 14 

kDa. Rui et al, (2011) [50] and Ulloa et al, (2017) [62] had also 

reported similar electrophoresis profiles of PI in bean 

proteins and jackfruit seed flour protein. 

 

Qualitative estimation of essential amino acids 

Thin layer chromatography (TLC) was done for qualitative 

analyses of the presence of amino acids. WAPC protein 

isolate had all the nine essential amino acids determined on 

the basis of their retardation factor (Rf ) values. The 

calculated Rf value for methionine, arginine, tryptophan, 

threonine, valine, isoleucine, phenylanine, lysine and 

histidine were 0.41, 0.17, 0.56, 0.23, 0.36, 0.45, 0.52, 0.19 

and 0.23 respectively (Table 2) and was within the range of 

Rf values of standard amino acids (Fig. 3). Similar 

qualitative estimation of amino acids was done by Elijah et 

al, (2016) [16] in soybean products. 

 

 
 

Fig 3: Qualitative analysis of essential amino acids (Protein 

isolate) using thin layer chromatography 

 

Conclusion 

It is clear from the study that different anti-nutritional 

factors significantly reduced from wild apricot kernel 

protein isolate. Apricot kernel press cake protein isolate was 

observed free from hydrogen cyanide (HCN). Phytic acid 

and tannins were reduced with the heating at 100 °C for 30 

minutes. The digestibility of proteins was an important 

parameter to evaluate their nutritional quality. In-vitro 

protein digestibility of protein isolate was 80.58 per cent, So 

it act as good raw material for value added functional food 

with low cost. 

 

References 

1. A.O.A.C. methods. American Association of Flavour 

Chemists. Method 44-19, AACC, St. Paul, MN; c1995. 

2. Abbas S, Butt M, Sultan MS, Sharif MT, Ahmad AN, 

Batool R. Nutritional and functional properties of 

protein isolates extracted from defatted peanut flour. 

International Food Research Journal. 2015;22:1533-

1537. 

3. Abdollahi M, Undeland I. Structural, functional, and 

sensorial properties of protein isolate produced from 

salmon, cod, and herring by-products. Food and 

Bioprocess Technology. 2018;1:1733-1749. 

4. Alagbaoso SO, Nwosu JN, Njoku NE, Umelo MC, 

Eluchie C, Agunwa IM. Effect of processing on the 

https://www.biochemjournal.com/


 

~ 483 ~ 

International Journal of Advanced Biochemistry Research  https://www.biochemjournal.com 

   
 

nutritional and anti-nutritional properties of piper seed 

(Canavalia plagiosperma). European Journal of Food 

Science and Technology. 2015;3:45-69. 

5. Amza T, Amadou I, Balla A, Zhou H. Antioxidant 

capacity of hydrolyzed protein fractions obtained from 

an under-explored seed protein: Gingerbread plum 

(Neocarya macrophylla). Journal of Food Science and 

Technology. 2015;52:2770-2778. 

6. Anyango JO, Koch HL, Taylor JRN. Impact of cowpea 

addition on the protein digestibility corrected amino 

acid score and other protein quality parameters of 

traditional African foods made from non-tannin and 

tannin sorghum. Food Chemistry. 2011;124:775-780. 

7. Bernardino NA, Ortiz MA, Martinez AAL, Davila OG. 

Guava seed protein isolate: Functional and nutritional 

characterization. Journal of Food Biochemistry. 

2001;25:77-90. 

8. Butt MS, Batool R. Nutritional and functional 

properties of some promising legumes protein isolates. 

Pakistan Journal of Nutrition. 2010;9:373-739. 

9. Chauhan A, Saxena DC, Singh S. Effect of 

hydrocolloids on microstructure, texture, and quality 

characteristics of gluten-free pasta. Journal of Food 

Measurement and Characterization. 2017;11:1188-

1195. 

10. Chavan UD, McKenzie DB, Shahidi F. Functional 

properties of protein isolates from beach pea (Lathyrus 

maritimus L.). Food Chemistry. 2001;74:177-187. 

11. Cochran WG, Cox GM. Experimental design. 2nd ed. 

New York: John Wiley and Sons; 1967. 

12. Deol JK, Bains K. Effect of household cooking 

methods on nutritional and anti-nutritional factors in 

green cowpea (Vigna unguiculata) pods. Journal of 

Food Science and Technology. 2010;47:579-581. 

13. Desphande S, Cheryan M. Effect of phytic acid, 

divalent cations, and their interactions on alpha-

amylase activity. Journal of Food Science. 

1984;49:516-519. 

14. Dey MC, Sinhababu A. Isolation, fractionation, and 

some chemical studies on Kleinhovia hospita Linn. seed 

protein. International Journal of Food Properties. 

2018;21:5510-5518. 

15. Du Y, Jiang Y, Zhu X, Xiong H, Shi S, Hu J, Sun W. 

Physicochemical and functional properties of the 

protein isolate and major fractions prepared from 

Akebia trifoliata var. australis seed. Food Chemistry. 

2012;133:923-929. 

16. Elijah DE, Grace NA, Arthur OC. Estimation of sulfur-

containing amino acids in soybean products in Nigeria. 

Bioengineering and Bioscience. 2016;4:20-23. 

17. Elsohaimy SA, Refaay TM, Zaytoun MAM. 

Physicochemical and functional properties of quinoa 

protein isolate. Annals of Agricultural Science. 

2015;60:297-305. 

18. Embaby HSL. Effect of heat treatments on certain 

antinutrients and in vitro protein digestibility of peanut 

and sesame seeds. Food Science and Technology 

Research. 2011;17:31-38. 

19. Erdman JW. Oilseed phytates: Nutritional implications. 

Journal of the American Oil Chemists’ Society. 

1979;56:736-741. 

20. Gupta A, Sharma PC. Standardization of methods for 

apricot kernel oil extraction, packaging, and storage. 

Journal of Food Science and Technology. 2009;46:121-

126. 

21. Gupta A, Sharma PC, Tilakratne BMKS, Verma AK. 

Studies on physico-chemical characteristics and fatty 

acid composition of wild apricot (Prunus armeniaca 

Linn.) kernel oil. Indian Journal of Natural Products 

and Resources. 2012;3:366-370. 

22. Haar DVD, Muller K, Mittermaier SB, Eisner P. 

Rapseed proteins-production methods and possible 

application ranges. Food Journal. 2014;21:2-8. 

23. Han JA, Lim ST. Structural changes in corn starches 

during alkaline dissolution by vortexing. Carbohydrate 

Polymers. 2004;55:193-199. 

24. Hefnawy TH. Effect of processing methods on 

nutritional composition and anti-nutritional factors in 

lentils (Lens culinaris). Annals of Agricultural Science. 

2011;56:57-61. 

25. Hoffman JR, Falvo MJ. Protein- Which is best? Journal 

of Sports Science and Medicine. 2004;3:118-130. 

26. Idoko AS, Oladiji AT, Yakubu MT, Aska AS. Effect of 

heat treatment on nutrient and anti-nutrient components 

of melon (Citrullus colocynthis) husks. Research 

Journal of Chemical Sciences. 2014;4:28-32. 

27. Jarpa PM, Bamdad F, Wang Y, Tian Z, Temelli F, Han 

J, Chen L. Optimization of lentil protein extraction and 

the influence of process pH on protein structure and 

functionality. Food Science and Technology. 

2014;57:461-469. 

28. Jay RH, Michael JF. Macronutrient utilization during 

exercise: Implications for performance and 

supplementation. Journal of Sports Science and 

Medicine. 2004;3:118-130. 

29. Kadam SS, Ronald RS, Michael DE, David GA. Effects 

of heat treatments of antinutritional factors and quality 

of proteins in winged bean. Journal of the American 

Science. 1987;39:267-270. 

30. Kaptso KG, Yanou NN, Nguemtchouin MMG, 

Hounhouigan JSJ, Mbofung CM. Physicochemical and 

micro-structural properties of flours, starch, and 

proteins from two varieties of legumes: bambara 

groundnut (Vigna subterranea). Journal of Food 

Science and Technology. 2014:1-10. 

31. Liener IE. Toxic constituents of plant foodstuffs. 2nd 

ed. New York and London: Academic Press; 1980. 502 

p. 

32. Mahony MO. Sensory evaluation of food. In: Statistical 

methods and procedures. New York: Marcel Dekker 

Inc.; 1985. p. 368-375. 

33. Maidala A, Doma UD, Egbo LM. Effect of different 

processing methods on the commercial composition and 

antinutritional factors of soybean. Pakistan Journal of 

Nutrition. 2013;12:1057-1060. 

34. Makri E, Papalamprou E, Doxastakis G. Study of 

functional properties of seed storage proteins from 

indigenous European legume crops (lupin, peas, broad 

bean) in admixture within polysaccharides. Food 

Hydrocolloids. 2005;19:583-594. 

35. Mao X, Hua Y. Composition, structure, and functional 

properties of protein concentrates and isolates produced 

from walnut (Juglans regia L.). International Journal of 

Molecular Sciences. 2012;13:1561-1581. 

36. Matyka S, Bogusz G, Korol W. Phytate contents in 

cereal grains, legume and rape seeds. International 

https://www.biochemjournal.com/


 

~ 484 ~ 

International Journal of Advanced Biochemistry Research  https://www.biochemjournal.com 

   
 

Journal of Applied Biology and Pharmaceutical 

Technology. 1993;32:37-43. 

37. Mohapatra D, Patel AS, Kar A, Deshpande SS, Tripathi 

MK. Effect of different processing conditions on 

proximate composition, antioxidants, anti-nutrients, and 

amino acid profile of grain sorghum. Food Chemistry. 

2018:1-29. 

38. Nicanor AB, Delgado CHB, Vera GV, Sanchez CEM, 

Silva AP, Miranda JR, Vera MAV. Preparation, 

composition, and functional properties of a protein 

isolate from a defatted mamey sapote (Pouteria sapota) 

seed meal. Journal of Food. 2014;12:176-182. 

39. Nicanor AB, Delgado CHB, Vera GV, Sanchez CEM, 

Silva AP, Miranda JR, Vera MAV. Preparation, 

composition, and functional properties of a protein 

isolate from a defatted mamey sapote (Pouteria sapota) 

seed meal. Journal of Food. 2014;12:176-82. 

40. Ogbadoyi EO, Musa A, Oladiran JA, Ezenwa MIS, 

Akanya FH. Effect of processing methods on some 

nutrients, antinutrients and toxic substances in 

Amaranthus cruentus. International Journal of Applied 

Biology and Pharmaceutical Technology. 2011;2:487-

502. 

41. Ogunwolu SO, Henshaw FO, Mock HP, Santros A, 

Awonorin SO. Functional properties of protein 

concentrates and isolates produced from cashew nut 

(Anacardium occidentale L.). Food Chemistry. 

2009;115:852-858. 

42. Onsaard E, Pomsamud P, Audtum P. Functional 

properties of sesame protein concentrate from sesame 

meal. Asian Journal of Food Agro-Industry. 

2010;3:419-430. 

43. Pedroche J, Yust M, Lqari H, Giron-Calle J, Alaiz M, 

Vioque J, Millan F. Brassica carinata protein isolates: 

chemical composition, protein characterization and 

improvement of functional properties by protein 

hydrolysis. Food Chemistry. 2004;88:337–346. 

44. Rafiq A, Sharma S, Singh B. Regression analysis of 

gluten-free pasta from brown rice for characterization 

and in vitro digestibility. Journal of Food Processing 

and Preservation. 2015;41:1-12. 

45. Rahman AAE, Abdalla E, Hadary E, Aleem MIAE. 

Detoxification and nutritional evaluation of peach and 

apricot meal proteins. Journal of Biological Chemistry 

and Environmental Science. 2015;10:597-622. 

46. Ranganna S. Handbook of Analysis and Quality Control 

of Fruit and Vegetable Products. 4th ed. New Delhi: 

Tata McGraw Hill; c2009. p. 1112. 

47. Ranganna S. Handbook of Analysis and Quality Control 

of Fruit and Vegetable Products. 4th ed. New Delhi: 

Tata McGraw Hill; c2009. p. 1112. 

48. Rao P, Desothale YG. Tannin content of pulses: varietal 

difference and effects of germination and cooking. 

Journal of the Science of Food and Agriculture. 

1998;33:1013-1015. 

49. Rathi A, Kawatra A, Sehgal S. Influence of 

depigmentation of pearl millet (Pennisetum glaucum L.) 

on sensory attributes, nutrient composition, in vitro 

protein and starch digestibility of pasta. Food 

Chemistry. 2004;85:275-280. 

50. Rui X, Boye JI, Ribereau S, Simpson BK, Prasher SO. 

Comparative study of the composition and thermal 

properties of protein isolates prepared from nine 

Phaseolus vulgaris legume varieties. Food Research 

International. 2011;44:2497-2504. 

51. Saetae D, Kleekayai T, Jayasena V, Suntornsuk W. 

Functional properties of protein isolate obtained from 

physic nut (Jatropha curcas L.) seed cake. Food 

Science and Biotechnology. 2011;12. 

52. Saranya G. Extraction of protein from commercially 

available peanut de-oiled cake. Training report, 

CIPHET Ludhiana, India; c2013. 

53. Sen S, Sarkar S, Kundu P, Laskar S. Separation of 

amino acids based on thin-layer chromatography by a 

novel quinazoline-based antimicrobial agent. American 

Journal of Analytical Chemistry. 2012;3:669-674. 

54. Sharma PC, Tilakratne BMKS, Gupta A. Utilization of 

wild apricot kernel press cake for extraction of protein 

isolate. Journal of Food Science and Technology. 

2010;47:682-685. 

55. Shevkani K, Singh N, Kaur A, Rana JC. Structural and 

functional characterization of kidney bean and field pea 

protein isolates: A comparative study. Food 

Hydrocolloids. 2015;43:679-689. 

56. Simwaka JE, Huiming Z, Kingsley GM. Amino acid 

profile, mineral, pasting, thermal and protein solubility 

characteristics of sorghum-finger millet based 

complementary food as affected by fermentation. 

Journal of Academia and Industrial Research. 

2015;3:504-510. 

57. Singh P, Kumar R, Sabapathy SN, Bawa AS. 

Functional and edible uses of soy protein products. 

Comprehensive Reviews in Food Science and Food 

Safety. 2008;7:14-28. 

58. Stuart H. Infrared Spectroscopy: Fundamentals and 

Applications. New York: John Wiley and Sons; c2004. 

p. 244. 

59. Sujka K, Kocozn P, Ceglinska A, Reder M, Gytkiewicz 

HC. The application of FT-IR spectroscopy for quality 

control of flours obtained from Polish producers. 

Journal of Analytical Methods in Chemistry. 2017;1-9. 

60. Tazrart K, Lamacchia C, Zaidi F, Haros M. Nutrient 

composition and in vitro digestibility of fresh pasta 

enriched with Vicia faba. Journal of Food Composition 

and Analysis. 2016;47:8-15. 

61. Tounkara F, Amza T, Lagnika C, Le GW, Shi YH. 

Extraction, characterization, nutritional and functional 

properties of rosella (Hibiscus sabdariffa Linn) seed 

proteins. Journal of Science and Technology. 

2013;35:159-166. 

62. Ulloa JA, Barbosa MCV, Vazquez JAR, Ulloa PR, 

Ramirez JCR, Carrillo YS, Torres LG. Production, 

physico-chemical and functional characterization of a 

protein isolate from jackfruit (Artocarpus 

heterophyllus) seeds. CyTA - Journal of Food. 

2017;15:497-507. 

63. Vaidya AM, Saxena DC, Somani VB. Response surface 

methodology for optimization of protein isolate 

preparation from custard apple seed flour (Annona 

squamosa). International Journal of Current 

Microbiology and Applied Sciences. 2017;6:3079-3089. 

64. Widjanarko SB, Nugroho A, Estiasih T. Functional 

interaction components of protein isolates and 

glucomannan in food bars by FTIR and SEM studies. 

African Journal of Food Science. 2010;5:12-21. 

65. Zhang B, Cui Y, Yin G, Li X, Zhou X. Alkaline 

extraction method of cottonseed protein isolate. Modern 

Applied Science. 2009;3:77-82. 

https://www.biochemjournal.com/

