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Abstract 
Antioxidant activities of vidarikand (Pueraria tuberosa) extracts were evaluated and 

compared with BHA, TBHQ, rosemary and green tea using a β-carotene bleaching assay, 

a 2, 2-diphenyl-β-picrylhydrazyl (DPPH) assay and the Rancimat method. Phenolic 
content and antioxidant activity (β-carotene–linoleic acid model system and DPPH 

assay) of ethanolic extract of vidarikand was more compared to its aqueous extract. 

Ethanolic extract of the vidarikand was more effective in preventing the development of 
the peroxide value and conjugated diene value in ghee compared to its aqueous extract. 

Vidarikand ethanolic extract showed the higher induction period as compared to its 
aqueous extract in the Rancimat. 
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INTRODUCTION 
Ghee considered as the Indian name for 

clarified butterfat, is usually prepared from 

cow milk or buffalo milk or combination 

thereof and has a pleasing and appetizing 

aroma. About 30–35% of the milk produced in 

India (112 million tons in 2009-10) is 

converted into ghee [1]. Ghee is the most 

widely used milk product in the Indian sub-

continent and is considered as the supreme 

cooking and frying medium. It has a 

considerably longer shelf-life as compared to 

other indigenous dairy products. Ghee 

undergoes oxidative degradation during 

storage, resulting in alteration of major quality 

parameters such as color, flavor, aroma and 

nutritive value affecting suitability for 

consumption. The primary autoxidation 

products are hydroperoxides, which have no 

taste and flavor, while their degradation 

products, called secondary oxidation products 

have detectable taste and flavor [2]. 

Development of rancidity reduces the shelf-

life of the product, which ultimately affects 

consumer acceptability [3]. 

 

In recent decades, there has been a great 

interest in screening essential oils and various 

plant extracts for natural antioxidants because 

of their good antioxidant properties. In order 

to prolong the storage of foods, several 

synthetic antioxidants such as 

butylatedhydroxytoluene (BHT) and 

butylatedhydroxyanisole (BHA) are used 

currently, but these substances may be 

inappropriate for chronic human consumption, 

as recent publications have mentioned their 

possible toxic properties for human health and 

the environment [4, 5]. Hence, the 

development of alternative antioxidants of 

natural origin has attracted considerable 

attention and is generally thought to be a 

desirable development [6]. Many herbs and 

spices are known to exhibit antioxidant 

activity in food lipids [7]. The majority of 

published work in the area of natural 

antioxidants has focused on tocopherols [8]. 

Rosemary extract which is also available 

commercially exhibits potent antioxidant 

activity [9]. Green tea extracts also exhibit 

potent antioxidant activity in vegetable oil and 

animal fat [10]. Spices and herbs, in addition 

to contributing taste and aroma to foods, also 

contain a variety of bioactive substances 

which are of considerable use from the 

standpoint of food science and technology. 

However, addition of herbal extracts in dairy 

products is a newly emerged area [11]. Merai 

et al. [12] reported that water-insoluble 

fraction of Tulsi (Ocimum sanctum L.) leaves 
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possess good antioxygenic properties and 

phenolic substances present in Tulsi leaves 

were the main factors in extending the 

oxidative stability of ghee (butterfat). 

 

Puerariatuberosa has an esteemed place in 

Ayurveda and is very widely used in treating 

various diseases including diabetes, cancer, 

etc. [13]. It restores and balances body 

functions that assist in achieving the maximum 

potential. Pueraria tuberosa which belongs to 

Fabaceae family, one of the important and 

potential medical plants in traditional and 

folklore system, is also commonly known as 

vidarikand and Indian Kudzu. 

Theisoflavonoids of Pueraria tuberosa such as 

puerarin, daidzein, genistein and daidzin have 

been reported to possess several therapeutic 

properties. It acts as an antioxidant under in 

vivo condition [14]. Though a large number of 

plants worldwide show strong antioxidant 

activities [15, 16], the antioxidant properties of 

vidarikand extract have not been elucidated 

before. This study reports the beneficial effects 

of vidarikand (Pueraria tuberosa) extract in 

ghee (butter oil) during accelerated oxidation 

in order to understand its potential use as an 

antioxidant in the food industries. 

 

MATERIALS AND METHODS 
Preparation of Ghee 

The aqueous extracts of vidarikand and green 

tea were added to the cream at the rate of 1% 

(w/w) and ghee was prepared by direct 

creamery method. Ethanolic extracts of 

vidarikand, rosemary as well as synthetic 

antioxidant (BHA and TBHQ) were added 

directly to the freshly prepared ghee at the rate 

of 0.5, 0.5, 0.02 and 0.02% (w/w), 

respectively. Ghee without any added 

antioxidant or herb extract served as control. 

Ghee samples stored in hot air oven at 

80 ± 1  C were analyzed at regular intervals of 

0, 3, 6, 9, 12, 15, 18 and 21 days for peroxide 

value, conjugateddienes and radical-

scavenging activity by DPPH assay. 

Accelerated stability test (Rancimat) was also 

used to determine the induction period (IP) or 

oxidative stability index (OSI) of freshly 

prepared ghee samples. 

 

The results obtained after the addition of 

vidarikand extracts (aqueous and ethanolic) to 

ghee were compared with those obtained with 

different reference products: BHA and TBHQ, 

the most widely used synthetic antioxidants 

employed in the food industry and two 

commercially available extracts of natural 

origin with high antioxidant activity: rosemary 

and green tea extract.  

 

Chemicals and Reagents 
β-carotene, linoleic acid, 2,2-diphenyl-1-

picrylhydrazylhydrate free radical (DPPH), 

Folin-Ciocalteu’s reagent and Tween-40 were 

obtained from Sigma Chemical Co., USA. 

Organic solvents, namely, chloroform and 

gallic acid (Lobachemie Pvt. Ltd., Mumbai, 

India) and ethyl acetate (RFCL Ltd., New 

Delhi, India) were used. Sodium carbonate 

was obtained from Qualigens Fine Chemicals, 

Mumbai, India. 

 

Herb Extracts 

The aqueous and ethanolic extract of 

vidarikand was obtained from National 

Botanical Research Institute (NBRI), 

Lucknow, Uttar Pradesh, India. The ethanolic 

extract of rosemary and aqueous extract of 

green tea were obtained from Synthite 

Industry Ltd., Kerala, India.  

 

Synthetic Antioxidants 

The synthetic antioxidants such as 

butylatedhydroxyanisol (BHA) and tert-

butylhydroquinone (TBHQ) were obtained 

from Sigma Chemicals, USA. 

 

Addition of Antioxidants 
As vidarikand and green tea were available as 

aqueous extracts, these were initially added to 

cream @ 1.0% and then ghee was made. 

Alcoholic extracts of vidarikand and rosemary 

were added directly to ghee @ 0.5%. Synthetic 

antioxidants, BHA and TBHQ, were also 

added directly to ghee @ 0.02%. 

 

Total Phenolic Content 
Total phenolic content of herb extracts was 

analyzed by Folin Ciocalteu method [17]. 

 

β-carotene-linoleic Acid Model System 

The antioxidant activity of herb extracts and 

synthetic antioxidants was determined 

according to the procedure of Marco [18], with 

the following modification (ethanol used as a 

solvent instead of methanol for sample 

preparation). 
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Radical-scavenging Activity by DPPH 

Model System 

The radical-scavenging activity of herb 

extracts and synthetic antioxidants was 

determined according to the procedure of 

Blois [19], with minor modification (used 

ethanol instead of methanol for sample 

preparation).  

 

Radical-scavenging Activity of Ghee 

Samples by DPPH Assay 

The capacity of antioxidants to quench DPPH 

radicals in ghee was determined before and 

after accelerated oxidation tests [20]. Ethyl 

acetate was used as a better solvent for 

hydrophobic compounds.  

 

Peroxide Value 

Peroxide values of ghee samples were 

determined by the method as described in IS: 

3508 [21].  

 

Conjugated Dienes 
Conjugated dienes were determined as per the 

method of AOAC [22]. 

 

Accelerated Test – Rancimat 743 

The resistance to auto-oxidation was measured 

using Rancimat 743 (Metrohm, Herisau, 

Switzerland) instrument at 120 °C with airflow 

rate of 20l/h. The oxidative stability was 

expressed as induction period (h) or oxidative 

stability index (h). 

 

Statistical Analysis 

Results are presented as means ± standard 

error from three replicates of each experiment. 

A P-value < 0.05 was used to denote 

significant differences among mean values 

determined by analysis of variance (ANOVA).  

 

RESULTS AND DISCUSSION 
Total Phenolic Content 

The amount of total phenolics, measured by 

Folin-Ciocalteu method, varied widely in herb 

materials and results are presented in Table 1. 

The calculation of total phenolic content of 

ethanolic and aqueous extracts of vidarikand 

was carried out using the standard curve of 

gallic acid and presented as mg gallic acid 

equivalents (GAE) per gram. The  

ethanolic extract contained the highest  

amount of phenolic compounds 

(44.8 ± 0.14 mgGAE/gm) while the lowest 

amount was present in aqueous extract 

(24.95 ± 0.18 mgGAE/gm) of vidarikand. 

Both the herb extracts had significantly 

(P < 0.05) different content of phenolics. 

 

Table 1: Total Phenolic Content of Vidarikand Extracts (Ethanolic and Aqueous). 

Herb extracts Gallic acid equivalents (mg/gm ) 

Vidarikand ethanolic 44.8 ± 0.14
a
 

Vidarikand aqueous 24.95 ± 0.18
b
 

Data are presented as means of three determinations ± SEM (n = 3). Means with different 

superscripts letters are significantly different (P < 0.05). 

 

Significant differences between the results of 

aqueous and ethanolic extract of vidarikand 

was likely due to difference in the solubility of 

antioxidative compounds in the water and 

ethanol and/or due to the difference in the 

temperatures used in their preparation. The 

amount of polyphenols in the extract is also 

dependent on the extraction method. Philip et 

al. [23] also showed that ethanolic extract of 

Andrographis paniculata leaves had a higher 

content of total phenolic compounds 

(75.86 ± 0.82 mg of GAE/g) than its aqueous 

extract. Ethanol is reported as an effective 

solvent to extract phenolic compounds [24]. 

β-carotene-linoleic Acid Model System 

The antioxidant activity of vidarikand 

(aqueous and ethanolic), rosemary and green 

tea extract, as well as butylated hydroxyl 

anisole (BHA) and tert-Butylhydroquinone 

(TBHQ), were evaluated at 200 ppm using the 

β-carotene-linoleic acid coupled oxidation 

model system and the results are presented in 

Figure 1 and Table 2. The antioxidant activity 

exhibited by ethanol (86.05 ± 0.13%) was 

greater than the aqueous (84.44 ± 0.18%) 

extracts of vidarikand at 200 ppm. The 

antioxidant potential of synthetic antioxidant 

TBHQ and BHA (90.02 ± 0.11% and 
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89.97 ± 0.16% respectively) was almost equal. 

The synthetic antioxidant TBHQ showed the 

maximum activity of 90.02 ± 0.11%, whereas 

the aqueous extract of vidarikand showed least 

activity of 84.44 ± 0.18% when incorporated 

at the concentration of 200 ppm. The 

inhibition percentage of rosemary and green 

tea extract (88.57 ± 0.20% and 88.11 ± 0.25% 

respectively) was found to be almost equal and 

higher than the vidarikand extracts (aqueous 

84.44 ± 0.18% and ethanolic 86.05 ± 0.13%). 

Significant differences between the results 

were likely due to genotopic and 

environmental differences (namely, climate, 

location, temperature, fertility, diseases and 

pest exposure) within species, choice of parts 

tested, time of taking samples and 

determination methods [25, 26].  

 

 
Fig. 1: Antioxidant Activity of Herb Extracts and Synthetic Antioxidants. Vidarikand (EE): 

Vidarikand ethanolic, Vidarikand (WE): Vidarikand aqueous 

 

Table 2: Antioxidant Activity (%) of Herb Extracts and Synthetics Antioxidants. 

Particulars Antioxidant activities at 200 ppm Concentration 

TBHQ 90.02 ± 0.11
a
 

BHA 89.97 ± 16
a
 

Rosemary 88.57 ± 0.20
a
 

Green tea 88.11 ± 0.25
a
 

Vidarikand ethanolic 86.05 ± 0.13
b
 

Vidarikand aqueous 84.44 ± 0.18
b
 

Data are presented as means of three determinations ± SEM (n = 3). Means with different 

superscripts letters are significantly different (P < 0.05). 

 

Based on the result, antioxidant activity 

exhibited by the ethanolic extract of 

vidarikand was greater (86.05 ± 0.13%) than 

its aqueous (84.44 ± 0.18%) extract. This 

difference between antioxidant activity of 

ethanolic and aqueous extracts of vidarikand 

might be attributed to the higher temperature 

used in the preparation of the latter causing 

damage to some compounds with antioxidant 

activity and/or different solubility of 

antioxidant compounds in water and ethanol.  

 

Radical-scavenging Activity by DPPH 

Model System 

The radical-scavenging activity of vidarikand 

(aqueous and ethanolic), rosemary and green 
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tea extract, as well as butylatedhydroxyanisole 

(BHA) and tertiary butylhydroquinone 

(TBHQ), were evaluated at 200 ppm in the 

DPPH system and the results are presented in 

Table 3. It is evident from the table that 

radical-scavenging potential of ethanolic 

extract was significantly higher 

(72.89 ± 0.34%) than the aqueous 

(51.17 ± 0.44%) extract of vidarikand, but 

significantly lower than all other additives 

used, namely, TBHQ, BHA, rosemary and 

green tea extract with the percent inhibition of 

96.14 ± 0.11%, 91.21 ± 0.23%, 88.69 ± 0.10% 

and 87.88 ± 0.20% respectively at 200 ppm 

concentration.

  

Table 3: Radical-scavenging Activity of Herb Extracts and Synthetic Antioxidants. 

 Particulars % Inhibition 

BHA 

 
91.21 ± 0.23

a
 

TBHQ 

 
96.14 ± 0.11

b
 

Rosemary 

 
 88.69 ± 0.20

ac
 

Green tea 

 
 87.88 ± 0.16

ac
 

Vidarikand ethanolic 

 
72.89 ± 0.34

d
 

Vidarikand aqueous 

 
51.17 ± 0.44

e
 

Data are presented as means of three determinations ± SEM (n = 3). Means with different 

superscripts letters are significantly different (P < 0.05). 

 

The radical-scavenging potential of green tea 

and rosemary extracts was found to be almost 

equal and significantly higher than the 

vidarikand extracts but lower than the 

synthetic antioxidants. Aqueous extracts of 

vidarikand showed the weakest radical-

scavenging potential among all the compounds 

studied. 

Thus, we can conclude that results obtained 

were consistent with the results obtained from 

β-carotene-linoleic acid model system. 

 

Several studies have shown that there is a 

difference between antioxidant capacity of 

ethanolic and aqueous extract of herbs. For 

example, Philip et al. [23] reported that the 

ethanolic extract of A. paniculata leaves had a 

higher stable DPPH free radical scavenging 

activity (86.87%) and higher content of total 

phenolic compounds (75.86 ± 0.82 mg of 

GAE/g) than aqueous extract.  

 

Only a combination of different methods of 

antioxidant activity evaluation can give more 

reliable results as a single method alone may 

not be reliable. Several studies [24–27] found 

a good correlation between total content of 

phenolic compounds and the antioxidant 

activity in different plants. Other studies 

however contradicted the above statement. For 

example, Nsimba et al. [28] showed that the 

antioxidant activity of Chenopodiumquinoa 

and Amaranthus spp. seeds, determined using 

three different assays (carotene bleaching, 

FRAP and DPPH), poorly correlated with total 

content of phenolic compounds. There were 

also no significant relationships between the 

antioxidant activities (determined using three 

different methods namely FRAP, DPPH and 

carotene bleaching assays) and total contents 

of phenolic compounds for fifteen genotypes 

of selected Turkey Zizyphus jujube Mill. Fruits 

[29]. Based on the results obtained in the 

present study, there is a positive linear 

correlation between total content of phenolics, 

DPPH free radical scavenging activities and β-

carotene-linoleic acid model system of 

vidarikand extract (aqueous and ethanolic). 

This correlation confirms that phenolic 

compounds play an important role as free 

radical scavengers. 

 

Accelerated Oxidation Studies 

Peroxide Value 

Peroxide value (PV) represents primary 

reaction products of lipid oxidation, which can 
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be measured by their ability to liberate iodine 

from potassium iodide. It is considered to 

represent the quantity of active oxygen (mg) 

contained in 1 g of lipid. The results obtained 

after addition of vidarikand (aqueous and 

ethanolic), rosemary and green tea extracts and 

synthetic antioxidants, namely, BHA and 

TBHQ, to ghee on the peroxide development 

are presented in Figure 2.

 

 
Fig. 2: Peroxide Value of Ghee Samples Stored at 80 ± 1 °C as Milli Moles of Oxygen per kg of Fat. 

Vidarikand (EE): Vidarikand ethanolic, Vidarikand (WE): Vidarikand aqueous 

 

It was observed that the vidarikand extracts 

(aqueous and ethanolic) significantly 

(P < 0.05) lowered the peroxide value 

throughout 21 days of storage at 80 ± 1 °C as 

compared to the control. However, ghee 

incorporated with aqueous extract of 

vidarikand showed a significant (P < 0.05) rise 

in peroxide value as compared with its 

ethanolic extract. This indicated that ghee 

containing ethanolic extract was more 

effective than the ghee containing aqueous 

extract of vidarikand in retarding peroxide 

development. The peroxide value of ghee 

containing both the extracts of vidarikand was 

significantly (P > 0.05) higher than the 

synthetic (BHA and TBHQ) and natural 

antioxidants (rosemary and green tea extract) 

throughout 21 days of storage at 80 ± 1 °C as 

shown in Figure 3. 

 

 
Fig. 3: Conjugated Dienes (%) Content of Ghee Samples Stored at 80 ± 1 °C. Vidarikand(EE): 

Vidarikand ethanolic Vidarikand(WE): Vidarikand aqueous 

 

Zia-ur-Rehman et al. [30] have reported that 

addition of ginger extract to sunflower oil 

greatly inhibited the rise in peroxides under 

accelerated conditions. In southern Indian 

villages, people use the fresh leaves of 

Moringaoleifera during preparation of cow 
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and buffalo ghee to increase its shelf life [31]. 

Merai et al. [12] reported that addition of 0.6% 

of silica gel charcoal treated fraction of Tulsi 

leaves powder to ghee was more effective than 

the BHA at 0.02% until the peroxide value of 

5 meq of peroxide oxygen was reached. The 

green tea extract exhibited antioxidant activity 

as two folds of sage extract and four folds of 

caraway extract as indicated by peroxide value 

during the storage periods of sunflower oil 

[32].  

 

Conjugated Dienes 

According to Silva et al. [33], the 

polyunsaturated fatty acid oxidation occurs 

with the formation of hydroperoxides and the 

double bond displacement followed by the 

formation of consequent conjugated dienes 

(CD). Over 90% of hydroperoxides formed by 

lipoperoxidation have a conjugated dienic 

system resulting from stabilization of the 

radical state by double bond rearrangement. 

These relatively stable compounds absorb in 

the UV range (235 nm) forming a shoulder on 

the main absorption peak of nonconjugated 

double bonds (200–210  nm), so they can be 

measured in the UV spectrum by absorption 

spectrophotometry [34]. 

 

Figure 3 shows that vidarikand extracts 

(aqueous and ethanolic) were significantly 

(P < 0.05) capable of lowering conjugated 

dienes formation throughout 21 days of 

storage at 80 ± 1 °C as compared to the 

control, but significantly (P < 0.05) less 

effective in retarding conjugated dienes 

formation as compared to other natural 

(rosemary and green tea extracts) and 

synthetic (BHA and TBHQ) antioxidants. The 

ethanolic extract of vidarikand significantly 

(P < 0.05) lowered conjugated dienes 

formation as compared to the aqueous extract 

of same herb.  

 

In a research carried out by Frankel et al [35] 

to assess the antioxidant activity of rosemary 

in several oil types stored at 60 °C, for 

20 days, rosemary extract containing 44 mg/kg 

carnosic acid and 6 mg/kg carnosol, added to 

soybean oil at a concentration of 1000 mg/kg, 

inhibited diene formation when compared to 

the control. Siddiq et al. [36] reported that the 

addition of methanolic and acetone extracts of 

Moringaoleifera to sunflower oil was found to 

show least contents of conjugated dienes as 

compared with control.  

 

Evaluation of Radical Scavenging Activity 

(RSA) of Ghee Samples towards DPPH 

Radicals 

The ghee incorporated with herb extracts, 

synthetic antioxidants and control ghee were 

evaluated for the potential to quench DPPH 

radicals before oxidation and after completing 

the accelerated tests and the results are 

presented in Table 4. It is evident from Table 4 

that on zero day (before oxidation), the radical 

scavenging activity of ghee incorporated with 

ethanolic and aqueous extracts of vidarikand, 

rosemary and green tea extract were found to 

be 62.00 ± 0.45, 58.74 ± 0.57, 90.08 ± 0.26 

and 80.77 ± 0.33%, respectively whereas for 

control ghee it was 20.67 ± 0.31%. However, 

the radical scavenging activity of ghee 

containing BHA and TBHQ was found to be 

82.95 ± 0.43 and 96.87 ± 0.23%. 

 
Table 4: Radical-scavenging Activity of Herb Extracts and Synthetic Antioxidants Incorporated Ghee Samples. 

Samples 

 

Storage period in days 

0 21 

Control 20.67 ± 0.31
a
 5.47 ± 0.29

a
 

BHA 82.95 ± 0.43
b
 74.86 ± 0.51

b
 

TBHQ 96.87 ± 0.23
c
 92.30 ± 0.16

c
 

Rosemary 96.08 ± 0.26
c
 92.05 ± 0.28

c
 

Green Tea 80.77 ± 0.33
d
 75.90 ± 0.40

d
 

Vidarikand ethanolic 62.00 ± 0.45
e
 43.95 ± 0.38

e
 

Vidarikand aqueous 58.74 ± 0.57
f
 37.87 ± 0.15

f
 

Data are presented as means of three determinations ± SEM (n = 3). Means with different superscript letters 

are significantly different (P < 0.05). 

 

This indicates that the ghee samples with 

added vidarikand extract (ethanolic and 

aqueous) have significantly higher antioxidant 

potential than control. Ghee incorporated with 
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ethanolic extract of vidarikand showed 

stronger activity in quenching DPPH radicals 

in system both before and after oxidation than 

that shown by the aqueous extract of the herb. 

This could be due to presence of higher 

amount of total phenolic compound in 

ethanolic extract of vidarikand. Furthermore, 

the radical scavenging activity of ghee added 

with vidarikand extract (ethanolic and 

aqueous) showed a significantly lower value 

than those with rosemary and green tea 

extract. Nogala-Kaluka et al. [37] reported that 

rosemary extract was a more effective 

antioxidant than tocopherols in rapeseed oil 

tri-acylglycerol (TAG). Before and after the 

accelerated storage of the samples (i.e., on 

zero day and 21st day) at 80 ± 1 °C, the ability 

to quench free DPPH radicals was in the 

following order: 

TBHQ = rosemary > BHA > green tea > vidari

kand (ethanolic) > vidarikand (aqueous) > cont

rol. 

 

 It can be concluded that rosemary and TBHQ 

had the strongest activity in quenching DPPH 

radicals in system before and after oxidation 

followed by green tea extract. In the same 

system, vidarikand (aqueous) extract had the 

lowest antioxidant activity and a very low 

capacity to quench radicals both before and 

after oxidation. 

 

Evaluation of Antioxidative Potential of 

Ghee Samples by Using Rancimat 743 

The effect of herb extracts, viz., vidarikand 

(ethanolic and aqueous), rosemary (ethanolic), 

green tea (aqueous) and synthetic antioxidants 

(BHA and TBHQ) incorporation on oxidative 

stability of ghee was evaluated by Rancimat 

equipment and results are presented in Table 

5. The induction time was used as a major 

indicator of antioxidative potential of 

antioxidant used. The induction period (IP) is 

also known as oxidative stability index (OSI) 

measured as the time required to reach an 

endpoint of oxidation corresponding to either a 

level of detectable rancidity or a sudden 

change in the rate of oxidation [38, 39]. 

Measurements of IP under standard conditions 

were used as an index of antioxidant 

effectiveness. 

 

   Table 5: Oxidative Stability of Ghee Samples Incorporated with Natural and Synthetic Antioxidants. 

Sample 

 
Induction period 

Control 

 

10.45 ± 1.01
A
 

Vidarikand (A@1%) 

 

14.67 ± 1.09
B
 

Vidarikand (E@0.5%) 

 

17.89 ± 1.01
C
 

BHA (0.02%) 

 

20.59 ± 0.92
D
 

TBHQ (0.02%) 

 

33.87 ± 2.14
E
 

Green tea (A@1%) 

 

31.27 ± 1.37 
F
 

Rosemary (E@0.5%) 

 

ND 

Rosemary (E@0.25%) 

 

45.92 ± 1.14
G
 

ND not detected. A Aqueous E Ethanolic. Data are presented as means of three 

determinations ± SEM (n = 3).Different superscripts in column (A, B) means significant difference 

between groups (p < 0.05). 

 

The ethanolic extract of vidarikand (IP 

16.83 ± 0.17 h) was found to be more effective 

in stabilizing ghee against oxidative 

deterioration as compared to its aqueous 

extract (IP 13.53 ± 0.14 h). However, 

induction periods of both the extract of 

vidarikand-added ghee was found to be 

significantly higher (P < 0.05) than that of 

control ghee (IP 10.33 ± 0.17 h). Nahak and 

Sahu [40] reported that phenolic compounds 
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are considered to be the most important 

antioxidative components of herb and other 

plant materials, and a good correlation exists 

between the concentrations of plant phenolics 

and the total antioxidant capacities. 

 

It is evident from Table 5 that both the extracts 

of vidarikand (ethanolic and aqueous)-added 

ghee were found to have significantly lower (P 

 < 0.05) antioxidative potential than that 

shown by rosemary (IP 45.47 ± 0.43) and 

green tea (IP 31.55 ± 0.48)-added ghee. 

Synthetic antioxidants, viz., BHA (IP 

20.14 ± 0.28) and TBHQ (IP 33.87 ± 1.16)-

added ghee also showed significantly higher 

(P < 0.05) antioxidative effectiveness as 

compared to vidarikand (ethanolic and aqueos) 

extracts-added ghee. The induction period of 

the ghee incorporated with 0.5% rosemary 

extract was not obtained even after 72 h. 

Therefore, rosemary extract at the 

concentration of 0.25% was used. The IP was 

found to be 45.92 ± 1.14 h. 

 

The most effective antioxidant in stabilizing 

ghee by the Rancimat test was found to be 

rosemary extract (IP 45.47 ± 0.43 h). In fresh 

rosemary leaves, carnosic acid is the major 

phenolic diterpene. During the extraction of 

rosemary extracts carnosic acid was partially 

converted either into carnosol or into other 

diterpenes, which could degrade further to 

produce other phenolic diterpenes with -and -

lactone structure [41, 42] or compounds of 

unknown structure [43]. These compounds 

were more lipophilic than carnosic acid and 

act as antioxidants [43, 44], but their 

antioxidant activities were lower than those of 

carnosic acid and methyl carnosate [9]. 

Antioxidative activity of these degradation 

products was relatively high at temperatures 

similar to frying temperature [7, 45]. When 

compared to other antioxidants, rosemary 

diterpenes were reported to have higher 

antioxidant activity than many commonly used 

phenolic antioxidants.  

 

It can be inferred from Table 5 that the 

aqueous extract of green tea-added ghee 

exhibited significantly higher (P < 0.05) 

antioxidant activity as compared to vidarikand 

extract (aqueous IP 14.670 ± 1.09 h and 

ethanolic IP 17.89 ± 1.01 h)-added ghee. This 

may be due to the reason that the green tea 

extract contains phenolic antioxidants 

(flavonoids) such as catechins of different 

structure and antioxidant activity which are 

polar and their glycosides are very polar [7].  

 

The antioxidative effectiveness of BHA (IP 

20.14 ± 0.28 h)-added ghee was found to be 

significantly lower (P < 0.05) than the TBHQ 

(IP 33.87 ± 1.16 h)-added ghee. Higher 

antioxidant activity of TBHQ might be due to 

presence of more number of hydroxyl groups 

than that contained by BHA. However, both 

the synthetic antioxidants showed significantly 

lower antioxidant potential in ghee when 

compared to rosemary extract. This could be 

explained by higher volatility of synthetic 

antioxidants at higher temperature [38]. In 

contrast, the antioxidative activity of 

degradation products of carnosic acids present 

in rosemary is relatively high at temperature 

similar to frying temperature [39]. The 

antioxidant activity of herb extracts and 

synthetic antioxidants in ghee as measured by 

Rancimat was in the following order: 

rosemary > TBHQ > green tea > BHA > vidari

kand (ethanolic) > vidarikand (aqueous). 

 

CONCLUSIONS 
A positive correlation between antioxidant 

potential, free radical-scavenging capacity and 

total phenolic content was found in the 

aqueous as well as ethanolic extracts of 

vidarikand (Puerariatuberosa). Total phenolic 

content, antioxidant activity as determined by 

the β-carotene linoleic acid model assay and 

radical scavenging activity as determined by 

the DPPH assay were more for the ethanolic 

extract of vidarikand as compared to the 

aqueous extracts of the vidarikand. Ghee 

incorporated with the vidarikand ethanolic 

extract showed better radical scavenging 

activity as compared to the ghee incorporated 

with the aqueous extract of the same. Aqueous 

and ethanolic extracts of vidarikand were 

found to be capable of retarding oxidative 

degradation in ghee but were less effective 

than natural (rosemary and green tea) and 

synthetic (BHA and TBHQ) antioxidants. 

Vidarikand ethanolic extract showed the 

higher induction period as compared to its 

aqueous extract in the Rancimat. Hence, 

vidarikand could be used as a natural 

antioxidant to preserve the food system apart 

from providing other beneficial benefits. 



  Effect of Vidarikand on Stability of Ghee                                                                                           Gandhi et al. 

__________________________________________________________________________________________ 

 

 RRJoDST (2013) 1-11 © STM Journals 2013. All Rights Reserved                                                            Page 10 

REFERENCES 
1. Thomas, K.V. (2010) India’s milk 

production rose to 112 mn tonnes last 

fiscal. The EconomicTimes.http://articles.eco

nomictimes.indiatimes.com/2010-07-

27/news/275788221milk-production-milk-

prices-cattle-feed. 

2. Choe, E. and Min, D.B. Mechanisms and 

factors for lipid oxidation. Comprehensive 

Reviews in Food Science and Food Safety 

2006; 5: 169p. 

3. Nerin, C., Tover, L., Salafranca, J. 

Behaviour of a new antioxidant active film 

versus oxidizable model compounds. 

Journal of Food Engineering 2008; 84:313p. 

4. Ito, N., Hirose, M., Fukushima, H., et al. 

Studies on antioxidants: their carcinogenic 

and modifying effects on chemical 

carcinogens. Food Chem. Toxicol 1986; 

24:1071–1092p. 

5. Stich, H. F. The beneficial and hazardous 

effects of simple phenolic compounds. 

Mutat. Res 1991; 259:307–324p. 

6. Jia, Z. B., Tao, F., Guo, L., et al. Antioxidant 

properties of extracts from juemingzi 

(Cassia toraL.) evaluated in vitro. LWT 
2007; 40; 1072–1077p. 

7. Pokorny, J., Korczak, J. Preparation of 

natural antioxidants. In: Antioxidants in 
Food – Practical Application (edited by 

Pokorny J, Yanishlieva N and Gordon M. 

H.). Cambridge: Woodhead Publishing Ltd. 

2001; 311–330p. 

8. Wagner, K. H. Elmadfa, I. Effects of 

tocopherols and their mixtures on the 

oxidative stability of olive oil and linseed oil 

under heating. European Journal of Lipid 
Science and Technology 1998; 103:624–

629p. 

9. Cuvelier, M. E., Richard, H. Berset, C. 

Antioxidant activity of phenolic composition 

of pilot-plant and commercial extracts of 

sage and rosemary. Journal of the American 

Oil Chemists Society 1996; 73:645–652p. 

10. Matsuzaki, T.L., Hara, Y. Antioxidative 

activity of tea leaf catechins. Nippon 

Nogeikagaku Kaishi 1985; 59:129p. 

11. Rowan, C. Extracting the best from herbs. 

Food Engineering International 2000; 

25:31–34p. 

12. Merai, M., Boghra, V.R., Sharma. R. S. 

Extraction of antioxigenic principles from 

Tulsi leaves and their effects on oxidative 

stability of ghee. Journal of Food Science 

and Technology 2003; 40:52–57p. 

13. Bhattacharya, S. K., Upadhayay, S. N., 

Jaiswal, A., et al. Effect of Piracetum, a 

nootropic agent, on rat brain monoamines 

and prostaglandins. Indian J Exp Biol 1989; 
27:261p. 

14. Verma, S.K., Jain, V., Vyas, A. et al. 

Protection against stress induced myocardial 

ischemia by Indian kudzu 

(Puerariatuberosa) - A case study. Journal 
of Herbal Medicine and Toxicology 2009;3 

:59p. 

15. Baratto, M.C., Tattini, M., Galardi, C., et al. 

Antioxidant activity of Galloylquinic 

derivatives isolated from Pistacialentiscus 
leaves. Free Radical Res 2003: 37:405–

412p. 

16. Katalynic, V., Milos, M., Kulisic, T. et al. 

Screening of 70 medicinal plant extracts for 

antioxidant capacity and total phenols. Food 
Chem 2006; 94:550–557p. 

17. Kahkonen, M. P., Hopia, A. I., Vuorela, H. 

J. Antioxidant activity of plant extracts 

containing phenolic compounds. J. Agric. 

Food Chem1999; 47:3954–3962p. 

18. Marco, G. J. A rapid method for evaluation 

of antioxidants. Journal of the American Oil 

Chemists Society 1969; 46:594–598p. 

19. Blois, M. S. Antioxidant determination by 

the use of stable free radical. Nature 1958; 

181:1199–1200p. 

20. Espin, J. C., Soler-Rivas, C., Wichers, H. J. 

Characterization of the total free radical 

scavenger capacity of vegetable oils and oil 

fractions using 2, 2-diphenyl-1-

picrylhydrazyl radical. Journal of 
Agriculture and Food Chemistry 2000; 

48:648–656p. 

21. IS: 3508. Indian standards, Methods for 

sampling and test for ghee (butter fat), 

Bureau of Indian Standards, New Delhi. 

1966. 

22. AOAC. Official methods of analysis, 16th 

edn. Washington, D.C. 1971; 877:988p. 

23. Philip, K., Rafat, A., Muniandy, S. 

Antioxidant potential and content of 

phenolic compounds in ethanolic extracts of 

selected parts of Andrographis paniculata. 

Journal of Medicinal Plants Research 2010; 

4:197p. 

24. Cai, Y., Luo, Q., Sun, M. et al. Antioxidant 

activity and phenolic compounds of 112 

traditional Chinese medicinal plants 

associated with anticancer. Life Sci 2004; 74, 

2157–2184p. 

25. Beta, T., Nam, S., Dexter, J. E. et al. 

Phenolic content and antioxidant activity of 

Pearled wheat and roller-milled fractions. 

Cereal Chem 2005; 82(4):390–393p. 



  Research and Reviews: Journal of Dairy Science and Technology 

 Volume 2, Issue 1, ISSN: 2319-3409  

__________________________________________________________________________________________ 

 

  RRJoDST (2013) 1-11 © STM Journals 2013. All Rights Reserved                                                          Page 11 

26. Shan, B., Cai, Y. Z., Sun, M. et al. 

Antioxidant capacity of 26 spice extracts and 

characterization of their phenolic 

constituents. Journal of the Agricultural and 

Food Chemistry 2005; 53:7749–7759p. 

27. Othman, A., Ismail, A., Ghani, N. A. et al. 

Antioxidant capacity and phenolic content of 

cocoa beans. Food Chem 2007; 100:1523–

1530p. 

28. Nsimba, R., Kikuzaki, H. Konishi, Y. 

Antioxidant activity of various extracts and 

fractions of Chenopodiumquinoa and 

Amaranthus spp. seeds. Food Chem 2005; 

106:760–766p. 

29. Kamilolu, O., Ercisli, S., Sengül, M., et al. 

Total phenolics and antioxidant activity of 

jujube (Zizyphus jujube Mill.) genotypes 

selected from Turkey. Afr. J. Biotechnol 
2009; 8(2):303–307p. 

30. Zia-ur-Rehman, Salariya, A. MandHabib, F. 

Antioxidant activity of ginger extract in 

sunflower oil. Journal of Food Science and 

Agriculture 2003; 83:624–629p. 

31. Perumal, S., Becker, K. Antioxidant 

properties of various solvent extracts of total 

phenolic constituents from three 

agroclimatic origins of Drumstick tree 

leaves. Journal of Agricultural and Food 

Chemistry 2003; 51:2144–2155p. 

32. Zeyada, N., Zeitoun, M., Barbary, O. 

Extraction, identification and evaluation of 

antioxidant activity in some herbs and 

spices. Alexandria Journal for Food Science 

and Technology 2007; 4(2):27–39p. 

33. Silva, F. A., Borges, M. F., Ferreira, A. A. 

Methods for the evaluation of the degree of 

lipid oxidation and the antioxidant activity. 

Quimica Nova 1999; 22:94–103p. 

34. Gillam, A.E., Heilbron, I.M., Hilditch, T.P. 

et al. Spectrographic data of natural fats and 

their fatty acids in relation to vitamin A. 

Biochemical Journal 1931; 25:30–38p. 

35. Frankel, E.N., Huang, S. W., Prior, E. et al. 

Evaluation of antioxidant activity of 

rosemary extracts, carnosol and carnosic 

acid in bulk vegetable oils and fish oil and 

their emulsions. Journal of Science of Food 
and Agriculture 1996; 72:201–208p. 

36. Siddiq, A., Anwar, F., Manzoor, M. et al. 

Antioxidant activity of different solvent 

extract of Moringa Oleifera leaves under 

accelerated storage of sunflower oil. Asian 
Journal of Plant science 2005; 4(6):630–

635p.  

 

37. Nogala-Kalucka, M., Gogolewski, M., 

Luczynski, A. Antioxidative properties of 

tocochromanols and their dimers (in Polish). 

Annals of Agricultural University in Poznan 

1982; 141(14):105–116p. 

38. Frankel, E. N. In search of better methods to 

evaluate natural antioxidants and oxidative 

stability in food lipids. Trends in Food 
Science and Technology 1993; 4:220–225p.  

39. Presa-Owens, S., Lopez-Sabater, M.C., 

Rivero-Urgell, M. Shelf-life prediction of an 

infant formula using an accelerated stability 

test (Rancimat). J Agric Food Chem 1995; 

43: 2879p. 

40. Nahak, G., Sahu, R.K. Antioxidant activity 

in Bark and Roots of Neem 

(Azadirachtaindica) and Mahaneem 

(Meliaazedarach). Continental Journal of 
Pharmaceutical Sciences 2010; 4:28–34p. 

41. Geoffroy, M., Lambelet, P., Richert, P. 

Radical intermediates and antioxidant: an 

ESR study of radical formed on carnosicacid 

in the presence of oxidized lipids. Free 
Radical Research 1994; 21(4):247–258p. 

42. Schwarz, K. Ternes, W. Antioxidative 

constituents of Rosmarinus officinalis and 

Salvia officinalis. I. Determination of 

phenolic diterpenes with antioxidative 

activity amongst tocochromanols using 

HPLC. Zeitschrift fur Lebensmittel 

Untersuchung und Forschung 1992a; 
195:95–98p. 

43. Hopia, A. I., Huang, S. W., Schwarz, K., et 

al. Effect of different lipid systems on 

antioxidant activity of rosemary constituents 

carnosol and carnosic acid with and 

withoutα-tocopherol. Journal of Agriculture 

and Food Chemistry 1996; 44:2030–2036p. 

44. Chen, Q., Shi, H., Ho, C.T. Effects of 

rosemary extracts and major constituents on 

lipid oxidation and soybean lipoxygenase 

activity. Journal of the American Oil 
Chemists Society 1992; 69:999–1002p. 

45. Loeliger, J., Lambelet, P., Aeschbach, R. et 

al. Natural antioxidants. In: Radical 

Mechanisms to Food Stabilization (edited by 

R. E. McDonald, D. B. Min). New York: 

Marcel Dekker Inc. 1996; 315–342pp. 


