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ABSTRACT: Dehulled grain flour of finger millet (Eleusine coracana), proso millet (Panicum 

miliaceum) and foxtail millet (Setaria italica) and phenolic extracts of millet hulls were 

evaluated for ability to inhibit lipid oxidation in several food model systems, namely cooked 

comminuted pork and fish, roasted peanut butter and gingelly oil. Food samples were kept for 

14 days with added millet hull extracts and dehulled grain flours. The percentage inhibition of 

production of thiobarbituric acid reactive substances (TBARS) during storage was determined. 

Inhibitory activities of phenolic extracts of finger millet dehulled grain and finger millet foods, 

namely, Rotti, Pittu, Halapa, Thalapa and porridge, against human very low-density 

lipoprotein (VLDL) and low-density lipoprotein (LDL) oxidation were determined by 

measuring the production level of conjugated dienes (CD) in vitro. Finger millet had higher 

phenolic content and antioxidant activities compared to the respective proso and foxtail millet 

samples. Finger millet hull extracts exhibited the highest inhibition of lipid peroxidation in 

food model systems. The maximum percentage inhibition of TBARS in pork, fish, and peanut 

with added finger millet hull extracts were observed at days 3, 7, 5, and 14, respectively. The 

percentage inihibition of TBARS in cooked pork and fish with added millet hull extracts 

ranged from 4.4 to 12.8% and 63 to 77%, respectively at the end of the second week. Millet 

grains and desolventized millet phenolic extracts can act as natural sources of antioxidants at 

different degrees in pork, fish, peanut and gingelly oil to prevent lipid oxidation during storage. 

 

Keywords: Lipid oxidation inhibition, millet, natural antioxidants, meat, gingelly oil, roasted 

peanut butter 

 

 

INTRODUCTION 
 

Lipid oxidation products formed in foods lead to the development of off-flavours and affect 

nutritional and sensory qualities. Further, they act as atherogenic agents in addition to their 

mutagenic and carcinogenic properties (Shahidi et al., 2012). Polyunsaturated fatty acids 

(PUFA) in foods are susceptible to oxidation during processing and storage (Shahidi et al., 

2012). A number of factors affects the rate of lipid oxidation in foods. Special measures are 

taken during processing and storage to prevent food lipid oxidation and addition of 

antioxidants is a common practice among others. Butylated hydroxyanisole (BHA), butylated 

hydroxytoluene (BHT) and tert-butyl hydroquinone (TBHQ) are most widely used synthetic 

antioxidants in food industry (Shahidi and Zhong, 2005). There are several controversies in 
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the use of synthetic antioxidants as health concerns have been raised on their addition in foods 

(Shahidi and Zhong, 2005). Food additives are subjected to the most stringent toxicological 

testing procedures, and only a few synthetic antioxidants have been used in foods so far. There 

is a growing interest of using natural antioxidants in foods. The natural antioxidants include 

phenolic compounds, tocopherols, and flavonoids (Artajo et al., 2006). Oxidized Low-density 

lipoproteins (LDLs) have been detected in atherosclerotic vessels and they appear to play a 

major role in the disease process (Esterbauer et al., 1992; Steinberg, 1992). Naturally occurring 

antioxidants in the diet may play a role in inhibiting the oxidative modification of LDL and 

hence they might act as anti-atherosclerotic agents (Shahidi et al., 2012)  

 

Millets are recognized as potential future crops due to their nutrient contents similar to other 

major cereals and rich non-nutrient profiles, especially phenolic compounds (Shahidi and 

Chandrasekara, 2014; Kumari et al., 2017(. Previous work on millets have proven that phenolic 

compounds present in millets are bioaccessible and may act as antioxidants within the human 

body to protect against oxidative stress (Chandrasekara and Shahidi, 2012a). The aim of the 

present work was to evaluate the ability of millet phenolic compounds to prevent the oxidation 

of lipids present in food model systems namely, pork, fish, peanut, and gingelly oil and to 

determine the ability of millet phenolics to prevent the oxidation of human LDL cholesterol in 

vitro. 

 
 

METHODOLOGY 
 

Samples of finger millet (Elusine coracana) variety “Oshada”, local variety of proso millet 

(Panicum miliacium) and foxtail millet (Setaria italica) grown in Sri Lanka were used in this 

study. All grain materials were obtained from the Department of Agriculture, Sri Lanka. Folin-

Ciocalteu’s reagent was purchased from Research Lab Fine Chem Industries, Mumbai, India. 

Vanillin, 2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,2 azinobis (3-ethylbenzothiazoline-6-

sulfonate diammonium salt) (ABTS), 2,2-azobis (2-methylpropionamidine) dihydrocholride 

(AAPH), ferrous chloride, sodium chloride, butylated hydroxyanisole (BHA), ferulic acid, 

trolox, catechin, and ethanol were purchased from Sigma-Aldrich, St Louis, USA. Sodium 

carbonate, ferric chloride, were purchased from Thomas Baker (Chemicals) Limited, Bombay, 

India. Aluminium chloride, trichloroacetic acid (TCA), and potassium phosphate dibasic were 

purchased from Techno Pharm Chem, India. Sodium hydroxide, and potassium phosphate 

monobasic were purchased from Loba Chem Pvt Ltd, India. 3-(2-pyridyl)-5,6-diphenyl-1,2,4-

triazine-4,4-disulfonic acid sodium salt (Ferrozine) were purchased from SERVA 

Electrophoresis GmbH, Heildberg, Germany. Ethylene diamine tetra acetic acid tri sodium salt 

(Na3EDTA) was purchased from Needham Market Sufflock, England. 2, 2, 4- 

trimethylpentane and 1,1,3,3-tetramethoxypropane were purchased from Sigma-Aldrich, St 

Louis, USA. 
 
Sample preparation 
 

Millet whole grains were dehulled and hulls were separated from grains. Finger millet grains 

were dehulled using a rice polishing machine (Rice husker and polisher PM 500, Satake 

Engineering Co Ltd, Japan). Foxtail millets and proso millets were dehulled using rice milling 

machine (Rice machine, Satake Engineering Co Ltd, Japan). Dehulled grains, and hulls were 

separately used for the extraction of phenolics. Samples were ground using an electric grinder 

and sieved (0.038 seive opening; As 200 test seiver, Retsch, Germany(. Samples were defatted 

using hexane (1:5 w/v, 2 min, two times) at ambient temperature. Defatted samples packed in 
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polythene pouches were stored at -80 ºC until used within a week for extraction of phenolic 

compounds. 

 
Extraction of soluble phenolic compounds 
 

Soluble phenolic compounds were extracted from dehulled grains and hulls of millets. Defatted 

meal (5 g) was mixed with 100 mL of 80% (v/v) aqueous ethanol in a capped conical flask and 

placed in a shaking water bath at 50°C, stirring at 175 rpm speed for 40 minutes. The extraction 

procedure was repeated two more times. Combined supernatants were evaporated in rotary 

evaporator at 40ºC at 125 rpm. Concentrated samples were freeze dried at -55ºC, and 12 x 10-

3 mbar. Lyophilized crude phenolic extracts were stored at -80ºC until used for further analysis. 

During all stages, extracts were protected from light by covering with aluminum foil. 

 
Determination of oxidative stability in comminuted pork model 
 

The samples were prepared to determine the oxidative stability of dehulled millet flour and 

soluble phenolic extracts of millet hull according to Chandrasekara and Shahidi (2012b). In 

brief, ground pork (80g) was mixed with 20 g deionized water in a glass jar and mixed with 

testing materials, namely dehulled millet flour (2%), hull phenolic extracts (0.2%), ferulic acid 

(0.02%) or BHA (0.02%) followed by thoroughly mixing with a glass rod. A control without 

added compounds was maintained under same experimental conditions. Capped glass jars 

were cooked in a water bath at 80 ± 2 ºC for 40 minutes while stirring with a glass rod at every 

5 minutes. Samples were cooled to room temperature and were transferred to polythene bags. 

Bags were stored in a refrigerator at 4 ºC and samples were drawn on days 0, 3, 5, 7 and 14 for 

the analysis of thiobarbituric acid reactive substances (TBARS). The experiment of each test 

material was carried out in three replications.  

 
Determination of oxidative stability in fish model 
 

The oxidative stability of dehulled millet grains and soluble phenolic extracts in the inhibition 

of TBARS production in cooked Tuna fish (ground boneless flesh) was determined as 

previously explained (Wijeratne et al., 2006). The experimental procedure was similar to the 

pork model explained in the previous section.  

 
Determination of oxidative stability in peanut model 
 

The effect of dehulled millet grain and soluble phenolic extracts in the inhibition of TBARS 

production in roasted ground peanut was determined according to Wijeratne et al. (2006). 

Dehulled millet flour (2%), phenolic extracts of hulls (0.2%), ferulic acid (0.02%) and BHA 

(0.02%) were added to 100 g of ground peanut and thoroughly mixed with a glass rod in a 

glass jar. A separate control sample without extracts was also prepared. Samples were mixed 

thoroughly and transferred into polythene bags. Samples were stored in room temperature for 

14 days. Samples were drawn on days 0, 3, 5, 7 and 14 for analysis of TBARS. 
 
Determination of oxidative stability in gingelly oil 
 

The efficacy of soluble millet extracts to inhibit the oxidation of gingelly oil was measured 

according to the method explained by Chandrasekara and Shahidi, (2011b). Hull phenolic 

extracts (1%), ferulic acid (1%) and BHA (1%) were added separately into 100 mL glass jars, 

and then 2 g of gingelly oil sample was added following vortexing thoroughly for 2 minutes. 

Each treatment was prepared in triplicate and jars were kept in the oven at 60ºC. Samples for 
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the analysis of TBARS were drawn on 0, 6, 12, 24, 36 and 48 hours and were analyzed for the 

inhibition percentage of TBARS and the production of conjugated dienes (CD). Control 

samples of oil without test materials were maintained under identical experimental conditions. 

 
Inhibition percentage of TBARS 
 

The inhibition percentage of TBARS was determined according to the method explained by 

Chandrasekara and Shahidi, (2012b). In this, 2 g from each fish, meat, or peanut sample was 

weighed in a 50 mL centrifuge tube. Then 5 mL of 10% (w/v) solution of trichloroacetic acid 

(TCA) were added and vortexed at high speed for 2 minutes. Thiobarbituric acid (TBA) 

solution (0.02 M, 5 mL) was added to each centrifuge tube and vortexed for 30 seconds. The 

samples were subsequently centrifuged at 3000 g for 10 minutes and the supernatants were 

filtered through a Whatman No.3 paper. Filtrates were heated in a boiling water bath for 45 

minutes and cooled to room temperature on an ice bath. The absorbance of the pink coloured 

chromogen was measured at 532 nm (UV-VIS Spectrophotometer, Labomed Inc, USA). 

Standard curve was prepared using 1,1,3,3-tetramethoxypropane as a precursor of the 

malondialdehyde (MDA). The percentage inhibition of TBARS formation was calculated as 

follows. Inhibition percentage = {(TBARS control TBARS sample) / TBARS control} x 100, where 

TBARS control = TBARS formed in the control and TBARS sample = TBARS formed in the 

sample. TBARS values of oil samples were determined according to the standard AOCS  

method. In brief the oil (50 – 100 mg) was weighed into a 25 mL volumetric flask and made 

up to volume with 1-butanol. Then 5 mL of this solution was transferred into a screw capped 

test tube with added 5 mL of freshly prepared 2-TBA reagent (500 mg of TBA in 250 mL 1-

butanol). Contents were thoroughly mixed and heated in a water bath at 95ºC for 2 hours. 

Samples were cooled in an ice bath and the absorbance values were measured at 532 nm. 

Standard curve was prepared using 1,1,3,3-tetramethoxypropane as a precursor of the 

malondialdehyde (MDA). The percentage inhibition of TBARS formation was calculated as 

follows. Inhibition percentage = {(TBARS control TBARS sample) / TBARS control} x 100, where 

TBARS control = TBARS formed in the control and TBARS sample = TBARS formed in the 

sample. 

 

Determination of conjugated diene (CD) in gingelly oil sample 
 
The CD contents of oil samples were determined according to the method explained by Shahidi 

and Zhong (2005). In this a sample of gingelly oil (0.02-0.03 g) was weighed into a 25 mL 

volumetric flask, and made up to the mark with 2,2,4-trimethylpentane. The solution was 

thoroughly mixed and the absorbance was measured at 234 nm. Pure 2, 2, 4- trimethylpentane 

was used as a reference. CD values were calculated using the following equation; 

CD=Absorbance of solution at 234 nm / C*L, where C= concentration of oil in g per 100 mL, 

L=length of the cuvette (cm(. 

 

Inhibition of copper-mediated human LDL and VLDL oxidation 
 
Inhibitory activities of phenolic extracts of finger millet dehulled grain and finger millet foods 

(Rotti, Pittu, Halapa, Thalapa and Porridge) against human VLDL and LDL oxidation were 

determined by measuring conjugated dienes (CD) produced in the system using the method 

described by Chandrasekara and Shahidi, (2012b). LDL and VLDLs from human serum were 

isolated using HDL precipitating reagents. Pellets (LDL/VLDL precipitate) were obtained by 

decanting the supernatant (HDL) and suspended in phosphate buffer to obtain diluted 

cholesterol solution of 0.1mg/mL protein concentration in PBS (pH 7.4, 0.15M NaCl). Protein 

concentrations of lipoproteins were determined using the biuret reagent test. The diluted 
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solution (0.8 mL) was mixed with 100 μL of soluble extract of foods (0.5 mg / mL in PBS) in 

an eppendorf tube. Oxidation of LDL was initiated by adding 0.1 mL of 100 μM CuSO4 

solution in distilled water. The mixture was incubated at 37ºC for 24 hours. The initial 

absorbance (t=0) was read at 234 nm immediately after mixing and CD hydroperoxides formed 

were measured at 0, 3, 6, 12 and 24-hour intervals. The concentration of CD formed was 

calculated using the molar extinction coefficient of 29500M-1cm-1. 

 
Statistical analysis 
 

All experiments were carried out in triplicates and data were reported as mean ± standard 

deviation. The differences of mean values among samples were determined by one-way 

analysis of variance (ANOVA) followed by Tukeys Honestly Significant Difference (HSD) 

multiple rank tests at p = 0.05, significance level. All statistical analysis was performed by 

SPSS version 16 (SPSS Inc., Chicago, IL). 

 

 

RESULTS AND DISCUSSION 

 
The ability of the lipid containing foods to act against oxidation is expressed as oxidative 

stability of foods. TBARS values measure the level of lipid oxidation. Table 1 and 2 show the 

effect of the millet extracts, ferulic acid and BHA on the inhibition of TBARS on pork and fish 

models. In communited pork model BHA showed the highest inhibition of TBARS in the range 

of 80 to 94 % from day 0 to end of the second week, compared to ferulic acid and millet 

extracts. The inhibition percentage of TBARS in pork model with added millet extracts ranged 

from 1 to 40% from day 0 and end of second week. In addition, the ability of TBARS 

production inhibition decreased with time in pork model with added millet flour or extracts. 

This could be due to the reduction of antioxidant power in millet extracts with the storage time. 

The inhibition percentage of TBARS in the fish model with added BHA and millet 

flour/extracts were 62 and 83% and 3 and 57%, respectively on day 0 and end of second week. 

 

Generally, the highest inhibition percentage was observed on day 0 and day 14 in pork and 

fish models respectively, with added millet flour/extract. Millet grain hull extracts showed high 

TBARS production inhibition which ranged from 56 to 63% in fish model at the end of second 

week . Further, the greater effect of the millet hull extract on inhibiting the production of 

TBARS could be due to the high phenolic content and the antioxidant activities in addition to 

the presence of other compounds such as, vitamin C, E, with antioxidant activities in hull 

extracts compared to those of dehulled grain. Previous studies also reported the ability of plant 

extracts to prevent the oxidation of lipids in meat (Rhee et al., 1996; Karwowska and 

Dolatowski, 2007). The phenolics present in natural plant extracts have strong H+
 donating 

activity. In the present study also the phenolic extracts of millet showed high antioxidant 

activity against lipid oxidation of the meat and fish samples. These results are in agreement 

with several other studies that reported natural antioxidants from plant sources could prevent 

the lipid oxidation of meat and meat products (Yu et al., 2002).  

 

Table 3 shows the the effect of the millet flour/extracts, ferulic acid and BHA on production 

inhibition of TBARS on roasted peanut model. BHA showed the highest inhibition percentage 

of TBARS at the day 0 compared to ferulic acid and millet flour/extracts. Peanut sample with 

added proso millet dehulled grain flour showed the highest ability to prevent the production of 

TBARS at the end of second, third and fourth weeks. Tea catechins, as a polyphenolic 

flavonoid to prevent the lipid oxidation in green tea has been demonstrated in a variety of food 

systems (McCarthy, 2001; Nissen, 2004; Mitsumoto, 2005). Moreover, the use of millet 
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phenolic extracts shows antioxidant effects similar or better than those of BHA. Polyphenolic 

extracts are excellent electron and proton donors, and their intermediate radicals are quite 

stable due to electronic delocalization phenomenon as well as the lack of position attackable 

by oxygen (Rhee et al., 2001). Therefore, millets can be used in peanut butter preparations to 

improve the quality of the product. 

 

Table 4 shows the effect of the millet flour/extracts, ferulic acid and BHA on production 

inhibition of TBARS on gingelly oil model. Among those phenolic extracts of millet showed 

higher ability to prevent the production of TBARS reflecting their higher antioxidant activity 

for protection of gingelly oil against oxidation compared to ferulic acid and BHA.The highest 

TBARS inhibition was showed at 72 hours by phenolic extracts of finger millet hull. Compared 

to BHA, phenolic extracts of millet dehulled grains and hulls showed increased duration of 

oxidative stability in oil samples. Table 5 shows the production of CD in gingelly oil model 

system. Compared with the control millet hull extract added oil samples showed significantly 

low CD levels at 36, 48 and 72 hours. During the 0 to 24 hours of time period there were not 

any significant difference in the production of CD in oil samples with added millet hull 

extracts. 

 

Results of TBARS and CD in gingelly oil model showed that phenolic extracts of millets have 

the ability to delay the oxidation of gingelly oil during storage. Previous studies showed that 

natural antioxidants from plant sources have an effect to increase the oxidative stability in oil 

samples (Kamali et al., 2011). Further, they showed that addition of cinnamon extracts 

increased the oxidative stability of sunflower oil (Kamali et al., 2011). The antioxidant 

potential of plant extracts is a result of not only the presence of the active phenolic compounds 

but also of other components present in the system. Figure 1 shows the ability of phenolic 

extracts of finger millet dehulled grain and finger millet foods (Rotti, Pittu, Halapa, Thalapa 

and Porridge) to prevent the oxidation of human VLDL and LDL in vitro. Pittu had the highest 

ability to prevent the production of conjugated dienes in oxidation of human VLDL and LDLs 

in vitro while Thalapa shows the lowest ability. 
 
The phenolic compounds which are present in finger millet foods should have the ability to 

chelate cupric ions and scavenge the formed peroxyl radicals to prevent the oxidation of VLDL 

and LDL cholesterol in vitro (Decker et al., 2001). According to Chandrasekara and Shahidi 

(2011b) soluble phenolic extracts of pearl millet hulls and dehulled grain at a low concentration 

(0.125 mg/mL) showed 1.6 and 3.9 times higher inhibition, respectively, of LDL oxidation 

than that at high concentration (0.5 mg/mL). Authors explained that there is a possibility that 

phenolic compounds at high concentrations may complex with protein moieties of the LDL 

cholesterol molecules, which makes them unavailable to inhibit oxidation of cholesterol. 

Previous studies have shown that phenolic compounds can inhibit protein oxidation by binding 

of the proteins to form complexes with protein molecules (Siebert et al., 1996; Riedl and 

Hagerman, 2001). Therefore, the low ability of finger millet foods with high phenolic content 

to inhibit the oxidation of LDL and VLDL cholesterol in vitro might be due to the interactions 

of proteins and phenolic compounds at high concentrations of phenolics. 
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Table 1. Inhibition percentage of thiobarbeturic acid reactive substances (TBARS) at different time periods in the pork model system 
 

 Inhibition percentage of TBARS  
 Day 0 Day 3 Day 5 Day 

7 
Day 14 

BHA 80.09 ± 0.11a1 93.66 ± 0.38a2 86.94 ± 0.69a3 88.98 ± 1.01a3 79.47 ± 0.39a1 

Ferulic acid 14.39 ± 0.05b1 23.94 ± 0.03b2 19.65 ± 2.20b3 27.34 ± 2.06b4 3.67± 1.25b5 

Finger millet dehulled grain flour 4.60 ± 0.61c1 18.34 ± 0.07c2 19.20 ± 1.30b2 16.76 ± 3.28c3 8.18 ± 0.63b4 

Foxtail millet dehulled grain flour 10.89 ± 0.05d1 9.45 ± 0.21d1 21.07 ± 2.13b2 24.72 ± 2.43b3 12.85 ± 0.82c4 

Proso millet dehulled grain flour 30.53 ± 1.78e1 10.41 ± 0.10e2 0.64 ± 0.04c3 13.40 ± 1.30c4 8.49 ± 0.04d5 

Finger millet hull extract 38.06 ± 0.10e1 25.25 ± 0.83b2 18.20 ± 0.07b3 20.24 ± 1.81b4 5.09 ± 0.82e5 

Foxtail millet hull extract 4.20 ± 0.45c1 18.18 ± 0.03c2 7.94 ± 0.22d3 23.58 ± 3.25b4 6.62 ± 1.02e5 

Proso millet hull extract 39.71 ± 0.79e1 10.93 ± 0.83e2 15.63 ± 1.63e3 13.19 ± 0.22d4 4.51 ± 0.70e5 

Superscripts with the same letters in each column and same numbers in each row are not significantly different  
 

Table 2. Inhibition percentage of thiobarbeturic acid reactive substances (TBARS) at different time periods in fish model system 
 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
Superscripts with the same letters in each column and same numbers in each row are not significantly different 

 Inhibition percentage of TBARS  
 Day 0 Day 3 Day 5 Day 7 Day 14 

BHA 81.73 ± 2.99a1 83.33 ± 1.39a1 80.63 ± 1.26a1 77.87 ± 2.54a2 61.88 ± 1.86a2 

Ferulic acid 18.27 ± 2.09b1 18.13 ± 0.62b1 5.66 ± 0.19b2 20.55 ± 0.35b3 4.65 ± 0.10b4 

Finger millet dehulled grain flour 22.36 ± 1.25c1 3.37 ± 0.68c2 18.93 ± 0.88c3 3.82 ± 1.62c2 5.08 ± 0.18 c4 

Foxtail millet dehulled grain flour 38.03 ± 0.58d1 5.21 ± 0.16d2 16.92 ± 1.07d3 7.16 ± 1.20d4 2.61 ± 0.34d5 

Proso millet dehulled grain flour 34.46 ± 1.68e1 3.91 ± 0.16c2 18.49 ± 1.24c3 8.78 ± 5.08e4 6.10 ± 0.19e5 

Finger millet hull extract 33.38 ± 6.22e1 9.12 ± 0.16e2 17.48 ± 1.53e3 30.70 ± 5.06f4 56.10 ± 0.04f5 

Foxtail millet hull extract 46.35 ± 5.23f1 16.83 ± 4.55f2 17.61 ± 3.60e3 21.61 ± 2.22g4 63.13 ± 0.14g5 

Proso millet hull extract 49.72 ± 5.07g1 8.85 ± 3.08g2 21.51 ± 1.00f3 30.57 ± 1.73f4 56.10 ± 0.19f5 
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Table 3. Inhibition percentage of thiobarbeturic acid reactive substances (TBARS) at different time periods in peanut model system 
 

Superscripts with the same letters in each column and same numbers in each row are not significantly different 

 

Table 4. Inhibition percentage of thiobarbeturic acid reactive substances (TBARS) at different time periods in gingelly oil model system 

 

Superscripts with the same letters in each column and same numbers in each row are not significantly different 

 

 
 

 

 
 

 

 Inhibition percentage of thiobarbeturic acid reactive substances (TBARS) 

 Day 0 Day 7 Day 14 Day 21 Day 28 
BHA 63.71 ± 0.09a1 23.81 ±3.23a2 43.86 ±1.25a3 24.83 ±4.04a2 25.75 ±3.21a2 

Ferulic acid 59.72 ±0.46b1 23.05 ±0.14a2 37.14 ±2.13b2 22.43 ±0.06b2 25.87 ±0.22b2 

Finger millet dehulled grain flour 57.61 ±0.58c1 24.37 ±0.13b2 45.45 ±3.62c3 29.67 ±5.87c3 34.13 ±0.35c4 

Foxtail millet dehulled grain flour 51.75 ±4.21d1 22.08 ±0.13c2 37.28 ±1.35d3 32.98 ±0.22d3 32.52 ±0.17d3 

Proso millet dehulled grain flour 49.13 ±1.46e1 27.96 ±0.07d2 45.85 ±1.31e3 33.16 ±0.43e4 37.91 ±1.09e3 

Finger millet hull extract 51.89 ±0.05d1 32.67 ±0.09e2 28.15 ±0.10f3 13.00 ±0.10f4 19.97 ±0.11f5 

Foxtail millet hull extract 55.15 ±0.99f1 31.49 ±1.77f2 27.55 ±0.13g3 6.87 ±1.02g4 7.47 ±0.27g5 

Proso millet hull extract 33.54 ±2.65g1 28.26 ±0.20g2 28.19 ±0.15h2 9.72 ±1.11h3 2.52 ±1.09h4 

 Inhibition percentage of TBARS 

 0 hours 6 hours 12 hours 24 hours 36 hours 72 hours 

BHA 12.88 ± 3.30a1 4.90 ±0.90a2 5.00 ±1.89a2 6.26 ±1.15a3 9.90 ±2.03a4 18.71 ±1.90a5 

Ferulic acid 21.46 ±3.40b1 1.96 ±0.90b2 20.71 ±1.89b1 3.68 ±1.94b3 9.20 ±0.77b4 53.00 ±2.31b5 

Finger millet hull extract 28.03 ±2.00c1 13.33 ±0.68c2 32.38 ±2.89c3 23.57 ±1.39c4 41.84 ±1.17c5 61.87 ±1.25c6 

Foxtail millet hull extract 20.20 ±1.10d1 10.59 ±1.18d2 19.29 ±0.71b1 32.04 ±2.53d3 8.68 ±0.80e4 56.12 ±1.90d5 

Proso millet hull extract 11.62 ±1.20e1 14.12 ±2.04e2 37.86 ±0.71d3 29.47 ±2.61e4 43.23 ±2.03f5 54.68 ±0.72e6 
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Table 5. Production of conjugated dienes (CD) in gingerlly oil model system 

 

Superscripts with the same letters in each column and same numbers in each row are not significantly different  

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 

 Time (hr) 

 0 06 12 24 36 48 72 
Control 9.3 ±1.0a1 11.2 ±2.1a2 12.3 ±0.5a2 12.7 ±0.5a2 13.5 ±1.1a3 11.7 ±0.2a2 14.0 ±1.4a3 

BHA 8.2 ±1.2a1 11.9 ±1.2a2 12.2 ±0.7a3 13.7 ±0.4b2 11.9 ±0.9b3 11.3 ±0.3a2 12.5 ±1.3b3 

Ferulic acid 9.1 ±1.0a1 11.7 ±1.1a2 11.7 ±0.7a2 11.9 ±1.2a2 13.6 ±0.7a3 12.4 ±0.4a4 13.9 ±1.0b3 

Finger millet hull extract 8.3 ±0.8a1 10.9 ±0.9a2 11.5 ±1.2a3 12.8 ±1.1a1 13.8 ±0.1a4 9.6 ±0.5b5 9.8 ±0.5c5 

Foxtail millet hull extract 8.1 ±0.2a1 10.2 ±0.8a2 11.7 ±1.1a1 12.7 ±0.9a3 11.80 ±0.5b1 9.4 ±0.4b2 12.4 ±0.8b3 

Proso millet hull extract 8.5 ±1.3a1 11.9 ±0.4a2 12.4 ±1.6a2 11.8 ±1.3a2 12.1 ±0.4b2 11.4 ±1.2a2 12.9 ±0.2b2 
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Figure 1. The production of CD in human LDL and VLDLs samples in vitro with added  

  synthetic antioxidants and phenolic extracts of finger millet foods 
 

 

Previous studies showed that plant phenolic compounds have potential to prevent the oxidation 

of LDL cholesterols in vitro. Phenolic compounds found in wine are potent antioxidants in 

inhibiting LDL oxidation in vitro (Teissedre et al., 1996; Meyer et al., 1997). According to 

Heinonen et al. (1998) phenolic extracts of berries, namely black berries, red raspberries, sweet 

cherries, blueberries, and strawberries demonstrated inhibition of human LDL oxidation. 

Therefore, further in vivo research is warranted to reveal the effect of millet foods consumption 

to prevent and control or reduce the burden of cardio vascular disease among humans. The 

oxidized LDL can increase the risk of initiating vascular lesions in blood vessels leading to 

atheroma formation.  
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CONCLUSIONS 
 
Millet grains and millet phenolic extracts act as natural sources of antioxidants in comminuted 

pork and fish, peanut butter and gingelly oil to prevent lipid oxidation during storage. Millet 

hull phenolics are potential sources of natural antioxidants which can be utilized in food 

industry replacing synthetic antioxidants. Further, it is worthwhile to explore the possibility of 

using millet hull phenolics as potential raw materials for the production of nutraceuticals to 

attenuate LDL cholesterol oxidation. 
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