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Abstract 

Development of off odour and flavour is an old and unresolved problem associated with 

pearl millet flour during storage and is the major hindrance for their consumer acceptability. 

In this study role of peroxidase, lipids and phenolics in deterioration of quality of pearl millet 

in control and stored flour of high (HHB 94) and low (ICMA 94222 x 78/71) rancid genotype 

was determined. Fat content, fat acidity, free fatty acids, total phenols, C-glycosylflavones 

content and peroxidase activity of HHB 94 were higher than that of ICMA 94222 x 78/71. 

Storage of flour for 8 days of these two genotypes showed significant increase in fat acidity 

and free fatty acids. Storage had no effect on C-glycosylflavones content whereas peroxidase 

activity reduced significantly with storage time. Isozyme profile showed that pearl millet 

grains had 3 isozymes of peroxidase and banding pattern was similar in both HHB 94 and 

ICMA 94222 x 78/71. While banding intensity represented that ICMA 94222 x 78/711 had 

lesser peroxidase activity as compared to HHB 94. The result suggested that peroxidase 

activity, fat acidity and free fatty acid value were usually correlated. 
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Introduction 

Poor shelf life of pearl millet flour because of development of off odour shortly after 
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grain milling is a major constrain to wider acceptability by the consumers and quantitatively 

high utilization in food industry. It has been reported that pearl millet has many nutritious and 

medical functions (Obilana & Manyasa 2002; Yang et al. 2012).The mineral profile of pearl 

millet is also better than other cereals. However, the availability of these minerals is low due 

to certain inherent factors. Although it is good, as far as nutritive value and product 

development is concerned, but major constrains that obstacle its diversified utilization is 

rapid development of off odour in its flour during storage. Formation of volatile compounds 

(Thiam et al. 1976), hydrolytic cleavage of fat (Kaced et al. 1984), changes in fatty acid 

composition of lipids (Lai & Varriano-Marston 1980), presence of phenolics in grains and 

their enzymatic degradation in flour (Reddy et al. 1986; Yadav, 2003; Sharma, 2006; Berwal 

et al. 2016 & 2017) have been identified as the contributing factor for generating rancid 

odour in pearl millet flour. Presence of high level of activity of peroxidase in pearl millet also 

causes development of rancid odour (Chavan & Hash 1998). Peroxidase, a member of a large 

group of enzymes called the oxidoreductases, is considered to have an empirical relationship 

to off-flavours and off-odours in foods. It is related to the “beany” and “greeny” flavor of 

soybean (Anil & Tilak 2004). Chavan and Hash (1998) in their studies identified high activity 

of peroxidase as the sole cause for generation of off odour. Banger et al. (1999) showed that 

water soluble phenolics and peroxidase activity concentrated mainly in germ fraction of grain 

appeared to be responsible for odour generation in stored pearl millet meal. Yadav (2003) 

reported that phenol content and activity of peroxidase might play an important role in 

generating off flavour during storage of flour. This contention is further supported by 

experiments conducted with defatted flour, dephenolic flour and flour with inactive 

peroxidase produced using blanching and other such treatments (Sharma, 2006). To 

determine relationship between peroxidase activity present in grains and magnitude of off 

odour developed in stored pearl millet flour knowledge of the kinetic properties of peroxidase 

of pearl millet grain is necessary. We have recently purified and characterized peroxidase 

from pearl millet grains (Goyal & Chugh 2013). Much of the difficulty in understanding 

peroxidase is due to the presence of multiple isozymes and as many as 73 isoperoxidases 

characterized in the model plant Arabidopsis thaliana (Welinder et al. 2002). Two cathodic 

peroxidases were purified from durum wheat flour (Iori et al. 1995). Electrophoretic studies 

of 21 pearl millet lines have revealed 5 different peroxidase isozymes (Manivannan et al. 

2013). Converso and Fernandez (1995) found three cationic peroxidase isozymes in wheat 

germ.  

Different factors that could be involved in causing rancid odour, however, have been studied 

independent of each other by the investigators named above. Thus, overall picture about the 

cause(s) of instability of pearl millet flour is not yet known clearly. Nevertheless, from the 

available information, it appears that phenolic compounds in high concentration and/or high 
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level of peroxidase activity in grains might be the major factors responsible for poor keeping 

quality of pearl millet flour. Hence, the present investigation was undertaken to ascertain role 

of fat content, phenol content and activity of peroxidase in development of rancidity in stored 

pearl millet flour. For conducting this experiment, two genotypes HHB 94 and ICMA 94222 

x 78/71 were selected. These genotypes differed from each other in their 

chemical/biochemical composition as well as in development of off odour (Yadav 2003; 

Sharma 2006; Praduman 2006). Peroxidase isozymes were not studied in pearl millet grains 

yet. Now, Polyacrylamide gel electrophoresis was used to separate peroxidase isozymes from 

mature pearl millet grains. Moreover, contribution of different isozymes of peroxidase via 

their interaction with naturally occurring phenolic substrates like C–glycosylflavones towards 

development of off odour is yet to be explored.  

Materials and Methods 

Plant material 

The present investigation was carried out on grains of two pearl millet hybrids viz. HHB 

94 (F2 generation) and ICMA 94222 x 78/711 (F1 generation). The mature grains were 

procured from Bajra Section of the Department of Genetics and Plant Breeding, CCS 

Haryana Agricultural University, Hisar. 

Chemicals 

All the chemicals and biochemicals used during the present course of investigation were 

purchased from either of the following: Sigma Aldrich Chemical Company (St. Louis, M.D., 

USA); Himedia Laboratories Limited, Bombay; Sisco Research Laboratories Pvt. Limited, 

Bombay; SD Fine-Chem. Ltd., Mumbai. All the chemicals were of the high purity analytical 

grade.  

Preparation and storage of flour 

Flour was prepared in a cyclotec grinding mill (Foss Analytical AB, Sweden) using 0.8 

mm screen. Flour thus prepared was either used immediately for chemical analysis or for 

conducting experiments on stored flour. For investigating effect of storage, it was stored in 

glass beakers covered with aluminium foil at 37 
o
C in a BOD incubator at ambient humidity 

for specified period of time i.e. 4 or 8 days. 

Biochemical analysis 

The samples were analyzed for crude fat, fat acidity, free fatty acids, total phenols, 

C-glycosylflavone, off odour, and peroxidase activity before and after storage. Crude fat was 

determined using the standard method of AOAC (1990). The fat acidity and free fatty acids 

were expressed as potassium hydroxide required to neutralize the acids in a 100 g sample and 
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per g of fat respectively using phenolphthalein as an indicator (AOAC, 1990). Total phenols 

were estimated by the method of Malik and Singh (1980), using catechol as the standard. The 

method of Richert (1979) was used for the estimation of C-glycosylflavones. For rapid 

development of rancid odour and its evaluation method of Reddy et al. (1986) was used. All 

determinations were carried out in triplicate 

Determination of peroxidase activity (EC 1.11.1.7) 

Peroxidase was extracted and assayed by the method of Malik and Singh (1980). One 

unit of enzyme activity was defined as the amount of enzyme required to increase 0.1 unit 

absorbance min
-1

 under the test conditions. 

(NH4)2SO4 fractionation 

To the crude extract obtained after centrifugation, solid (NH4)2SO4 was added slowly 

with constant stirring so as to bring the saturation to 30%. After 4 h, the precipitate was 

removed by centrifugation (15,000 rpm, 4°C, 20 min), and (NH4)2SO4 was added to the 

supernatant to 65% saturation. The precipitates were collected by centrifugation as before and 

were dissolved in 5 mL of 0.1 M potassium phosphate buffer (pH 6.8). The resulting solution 

was dialyzed against the same buffer for 24 h. Every 4 h, the dialysis buffer was changed. 

The dialyzed (NH4)2SO4 fraction was used for visualization of isozymes. 

Visualization of isozymes 

For visualization of isozymes, 30-65 % saturated (NH4)2SO4 fraction of HHB 94 and 

ICMA 94222 x 78/711 containing 50 μg of protein was loaded in the wells of 7.5% 

polyacrylamide gel. Electrophoresis and staining was carried out by following the method of 

Davis (1964). 

Staining  

For staining of peroxidase isozymes, method of Guikema and Shermen (1980) was 

employed. The gels were stained in solution of 25% acetic acid containing 0.3% benzidine 

and 0.5% H2O2.  

Protein estimation 

Protein in crude and subsequent enzyme preparations at various stages of purification 

was quantitatively estimated by the method of Bradford (1976). 

Results & Discussion 

Crude Fat 

Fat content of HHB 94 (7.4%) was higher than that of ICMA 94222 x 78/711 (5.7%) 

(Table1).   
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Fat acidity (FA) 

Upon storage FA of fresh flour of both the hybrids increased with storage time. 

Comparatively rate of increase in FA in fresh flour of HHB 94 was higher than that of ICMA 

94222 x 78/711(Table 1). For example, Fat acidity by 8
th 

day of storage of flour of HHB 94 

and ICMA 94222 x 78/711 was 474 and 240 mg KOH/100 g flour, respectively. Increase in 

FA of pearl millet flour stored for different time periods has been reported by many 

investigators (Chavan Kadlag et al. 1995; Palande et al. 1996; Chavan & Hash 1998; Bangar 

et al.1999; Yadav 2003; Praduman 2006; Sharma 2006; Nantanga et al. 2008; Jain 2013). 

Increase in fat acidity during storage is mainly due to action of lipase, causes bitterness and 

can make pearl millet meal unacceptable (Čepková et al. 2014). 

Free Fatty acids (FFAs)  

Measurement of free fatty acids provides a means of the relative rate of deterioration of 

flour. Upon storage, FFAs in flour of both the hybrids increased with storage time. Rate of 

increase in FFAs of normal flour of HHB 94 was higher than that of ICMA 94222 x 78/711 

(Table 1) i.e. by 8
th

 day of storage of flour of HHB 94 and ICMA 94222 x 78/711 

concentration of FFAs increased by 6.4 and 4.8 fold, respectively. Similar effect of storage of 

untreated pearl millet flour on release of free fatty acids has been documented earlier (Patel & 

Parmeshwaran 1992; Sangwan 2005; Praduman 2006; Jain 2013). 

Total phenols content 

Content of total phenols of fresh flour of HHB 94 (232mg/100 g) was higher than that of 

ICMA 94222 x 78/711 (172 mg/100 g) Table 1. A range of 228-486 mg/100 g total 

polyphenols in pearl millet flour has been reported by Chavan and Hash (1998). Bangar et al. 

(1999) studied comparative distribution of phenolics in pearl millet grain fractions and 

reported that concentration of water soluble phenolics in the defatted meal (136 mg/100 g) 

was lower than in the germ (1216 mg/100 g). Variations in concentration of phenols reported 

in those studies might have been due to differences in the extraction solvents and method of 

extraction. During the present investigation, phenols were extracted in cold methanol. 

Further, there was no effect of storage on total phenols content of any type of flour of both 

the hybrids. 

C-glycosylflavones 

C-glycosylflavones content of normal flour of HHB 94 was higher than that of ICMA 

94222 x 78/711. There was no effect of storage of all the types of flour on 

C-glycosylflavones content were observed (Table 1). 
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Table 1. Effect of storage on biochemical parameters responsible for deterioration of flour 

Parameters HHB 94 ICMA 94222 x 78/711 

Crude Fat (%) 7.4±0.5 5.7±0.7 

Fat acidity (mg KOH/100g flour) 

0 day 33.9±2 40±1 

4 day 231.7±2.1 140±2.0 

8 day 474.6±3.7 240±3.2 

Free fatty acids (mg KOH/g fat) 

0 day 4.9±1 4.2±0.5 

4 day 21.7±2.1 14±1.7 

8 day 31.5±2.3 20.3±2.7 

Peroxidase activity (units) 

0 day 320±5 260±5 

4 day 240±1 140±1 

8 day 194±2 110±1 

Total phenols (mg/100g of flour) 

0 day 232±0.5 172±0.8 

4 day 232±1 172±1 

8 day 232±1 172±1.5 

C-glycosylflavones content 

0 day 36.6±0.1 30.3±0.3 

4 day 36.6±0 30.3±0.1 

8 day 36.6±0.1 30.3±0.2 

Units 0.1 change in OD/min is 1 unit of enzyme activity 

Activity of peroxidase 

Results on activity of peroxidase of HHB 94 and ICMA 94222 x 78/711 are presented in 

Table 1. Fresh flour of HHB 94 possessed 365 units of peroxidase activity which was higher 

than that present in flour of ICMA 94222 X 78/711 (281 units). Presence of peroxidase in 

pearl millet has also been observed by other investigators (Chavan & Hash 1998; Bangar et 

al. 1999). As reported earlier (Yadav 2003; Praduman 2006; Sharma 2006; Jain 2013), upon 

storage activity of peroxidase in control as well as modified (all the types) flour of both the 

hybrids was continuously decreased till 8 days of storage. Peroxidase is also important in 
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quality deterioration of buckwheat flour and flour of high peroxidase varieties tends to 

deteriorate quickly (Suzuki et al. 2010). 

Development of off odour 

Development of off odour in flour of these genotypes stored for 8 days was also recorded 

and presented in Table 2. It was observed that HHB 94 developed strong off odour (more 

than 4.0).  

Table 2. Development of off odour during storage (8 day) of pearl millet flour 

Genotypes Rancidity flavour 

HHB 94 5.0 

ICMA 94222 x 78/711 2.7 

Isozymes 

Isozymes profile of peroxidase as depicted in Plate 1 HHB 94 and ICMA 94222 x 78/711 

had 3 isozymes of peroxidase. In both the variety the pattern remained the same while the 

banding intensity corresponded to lesser peroxidase activity in ICMA 94222 x 78/711.  

 

Plate 1. Isozymes profile of peroxidase obtained after (NH4)2SO4 fractionation 

Lane 1: HHB 94, Lane 2: ICMA 94222 x 78/711 

Pearl millet grains of HHB 94 and ICMA 94222 x 78/711 exhibited three peroxidase 

isozymes with similar pattern (Plate 1) but the intensity of band indicated that ICMA 94222 x 
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78/711 grains had less peroxidase activity compared to HHB 94 and higher activity in HHB 

94 was not due to any additional peroxidase isozymes. Manivannan et al. (2013) reported five 

peroxidase isozymes in pearl millet. Laugesen et al. (2007) found three distinct POXs in 

barley. 

 Further investigations are needed to identify, resolve and characterize isozymes in pearl 

millet. Experiments on identification and quantification of carbohydrates, association of the 

enzyme protein with phenolic compounds and interaction with C-glycosylflavones and/or 

other phenolics present in pearl millet, are needed before its clear cut role in mechanism of its 

involvement in the phenomenon of off odour development is identified.   
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