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ABSTRACT: This study was carried out to estimate the antioxidant activity and phenolic 
compounds of moringa and mulberry leaves extracts and evaluate the effect of addition of these 
natural extracts on oxidative stability of ghee like product containing high level of polyunsaturated 
fatty acids. Ethanolic extracts of moringa or mulberry leaves were added to ghee at concentrations of 
200, 400 and 600 ppm. Also, butylated hydroxyl anisole (BHA) was added to a sample at a 
concentration of 200 ppm and other sample was prepared without any additives serving as control. All 
samples were incubated at 63 ± 1˚C/21 days to accelerate the fat autooxidation . Samples were 
analyzed when fresh and weekly until the end of the incubation period (21 days) for peroxide, acid 
values, thiobarbituric acid (TBA) test and Rancimat test. Results showed that these extracts have a 
high content of phenolic compounds, and gave high antioxidant activity. The ethanolic extracts at rates 
of 400 and 600 ppm of both extracts were more effective in preventing the development of the 
peroxide and acid values and TBA test in ghee like product samples compared to BHA and control 
ghee like product.Moringa extract was found to be more effective. Ethanolic extracts at rates of 400 
and 600 ppm of two extracts showed the higher induction period as compared to BHA and control 
ghee like product counter parts in the rancimat. The results recommended that ethanolic extracts under 
study, at a concentration of 400 ppm, could be used to retard fat autooxidation in ghee like product 
containing increased level of polyunsaturated fatty acids. 
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INTRODUCTION 

Consumer demands in the field of food 
production have changed considerably. 
Consumers are becoming aware that food 
contributes directly to their health (Mollet and 
Rowland, 2002). Today food is not intended to 
only satisfy hunger and to provide necessary 
nutrients for human but also to prevent nutrition-
related disease and improve physical and mental 
well-being of consumers (Menrad, 2003). 

Milk fat has been considered to be 
hypercholesterolemic because it contains 
cholesterol and a generous proportion of 
saturated long chain fatty acids (Ney, 1991). 
Dietary fat has been shown to be linked with 

increased risk of obesity, atherosclerosis, 
cardiovascular disease, hypertension and injury 
disease associated with lipid oxidation (Fenlon 
and Guinee, 2000; Mensink et al., 2003; 
Rodrigues and Gioielli, 2003). 

Efforts have been directed to formulate food 
with ingredients that help to lower health risk 
(Liong and Shal, 2006). Particular attention has 
focused on the health benefits of reducing 
saturated fat by increasing mono and 
polyunsaturated fatty acids in food products. 
Consequently attempts have been made to use 
vegetable oils in food formulation as their use 
may offer health and dietary advantages 
commonly associated with their mono and 
polyunsaturated fatty acids content (Mensink, 
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2005; Shehata, 2005; Williams, 2006; Zaghlool 
et al., 2009; Ramadan, 2014) However, 
increasing the level of unsaturated fatty acids in 
food products was found to be complicated with 
their high sensitivity to autooxidation and the 
development of oxidative rancidity (During et 

al., 2000a,b; Ibrahim, 2003). 

Antioxidants has been broadly described as 
all substance that inhibit oxidation reaction 
regardless of the mechanism and narrowly as 
those compounds that interrupt the free radical 
chain reaction involved in food oxidation and 
those scavenging singlet oxygen (Hamid et al., 
2010). 

Food antioxidants may be synthetic or natural. 
The toxicological effect of synthetic antioxidants 
together with consumer preference for natural 
products have resulted in an increased interest to 
use alternative natural and safe sources of food 
antioxidants. Considerable interest have been 
given recently to extract natural antioxidants 
present in numerous plant materials (El-
Shourbagy and El-Zahar, 2014; Zaki et al., 
2014; Atwaa et al., 2015; El-Hadary et al., 
2015). In addition, research has indicated that 
natural phenolic compounds can be extracted 
from raw materials or waste products of food 
industry (Peschel et al., 2006).   

Moringa plant, found in tropical and 
subtropical countries, provides a rich and rare 
combination of zeatin, quercetin, kaempferom 
and many other phytochemicals. It is very 
important for its medicinal value. Various parts 
of the plant such as the leaves, roots, seeds, 
barks, fruits, flowers and immature pods act as 
cardiac and circulatory stimulants, possess 
antitumour, antipyretic, antiepileptic, anti-
inflammatory, antiulcer and antioxidants 
(Verma et al., 2012). 

The leaves of mulberry tree are considered as 
the food of silkworms and have been commonly 
used as a food, food additive and in folklore 
medicine. There are 15 kinds of mulberry, which 
are widely distributed allover the country. The 
leaves and root bark of the mulberry tree are 
known worldwide as sources of phytotherapeutics, 
which have traditionally been used for the 
treatment of conditions related to type II 
diabetes. A large number of in vivo animal and 

human studies support the fact that the leaves 
and roots of mulberry tree have been commonly 
used as a traditional Chinese medicine for their 
hypolipidemic, antihypoglycemic, antioxidant, 
antihypertensive, anti-inflammatory, anti-
atherosclerotic, antitumor, anticonvulsant and 
vasodilator effects. Phytochemical studies 
showed that mulberry leaves are rich in a variety 
of constituents, including flavonoids, alkaloids, 
polysaccharides, amino acids, nucleosides, fatty 
acids , organic acid and microelements (Yang et 

al., 2010; Jeszka-Skowron et al., 2014; Zhang 
et al., 2014; Tao et al., 2016). 

Ghee (a heat clarified butter fat) is considered to 
be the richest fat dairy product commonly 
occupied a unique position among edible fats 
because of its pleasing, caramelized taste and 
granular texture .Taking into consideration, the 
growing consumer awareness to have certain 
nutrient components in food product which 
would benefit and protect against dietary risk. 
The present work was carried out to produce 
ghee like product with increased level of 
polyunsaturated fatty acids using an accepted 
blend of ghee and sunflower oil. Improving the 
oxidative stability of the product by natural 
antioxidant extracts represents the main aim of 
this work. 

MATERIALS AND METHODS 

Materials 

Plant materials commonly found in Egypt, 
were used in this investigation. Moringa leaves 
(MOL), Mulberry leaves (MUL) were obtained 
from local market (Zagazig, Egypt), washed 
with distilled water and dried in an air draft 
drying oven (40˚C), and then ground and sieved 
through 60 mesh sieve and finally cooled or kept 
at 4˚C until the extractions were carried out. 
Butylated hydroxy anisole (BHA), 1, 1-
diphenyl-2-picrylhydrazyl (DPPH), gallic acid 
and quercin were purchased from Sigma (St. 
Louis, MO, USA). All other chemicals and 
reagents were of the highest purity available. 
Raw Sunflower oil was obtained from Arma 
Company 10th of Ramadan City. Egypt. 
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Methods 

Chemical composition of plant materials 

The major chemical constituent, moisture, 
ash, crude fat, crude fiber, and crude protein 
were determined in triplicate according to 
AOAC (2007). Carbohydrate content was 
calculated by difference. 

Preparation of extracts 

Dried materials were extracted with ethanol 
(70%), at a ratio of 1:10 (W/V) in closed vessels 
by stirring at room temperature (25˚C) for 4 hr., 
followed by filtration through filter paper 
Whatmann No 1. The residues were reextracted 
again under the same conditions. All vessels 
were wrapped with aluminum foil to prevent 
light degradation during extraction (Yu et al., 
2005). Ethanol extracts were evaporated in a 
rotary evaporator (Buchi-water bath-B-480, 
Switzerland) at 40 ˚C, and freeze-dried (Thermo 
Electron Corporation- Heto Power Dry LL 300 
Freeze Dryer, Czechoslovak). The dried extracts 
were weighed to determine the yield and stored 
at -20˚C until used. 

Radical scavenging activity (RSA) of extracts 

Radical scavenging activity (RSA) of 
extracts was measured by bleaching of the 
purple coloured solution of DPPH according to 
the method of Hanato et al. (1988). One 
hundred µl of each extract (10 mg extract/10 ml 
solvent) were added to 3 ml of 0.1 mM 1, 1-
diphenyl-2-picrylhydrazyl (DPPH) dissolved in 
ethanol. After incubation period of 60 min at 
room temperature, the absorbance was 
determined against a control at 517 nm (Gulcin 
et al., 2004). Percentage of antioxidant activity 
of DPPH was calculated as follows:  

DPPH scavenging effect (%)=[(A0-A1)/A0]×100   

Where, A0 is the absorbance of the control 
reaction and A1 is the absorbance in the extract. 
Samples were analyzed in triplicate. 

Determination of total phenolic 
compounds (TPC) 

 The concentration of TPC in all extracts was 
measured using UV spectrophotometer (Jenway-
UV–VIS spectrophotometer), based on a 
colorimetric oxidation/reduction reaction, as 
described by Škerget et al. (2005) using Folin– 

Ciocalteu reagent. Specifically, 0.5 ml of diluted 
extract (10 mg in 10 ml solvent) was mixed with 
2.5 ml of Folin-Ciocalteu reagent (diluted 10 
times with distilled water) and 2 ml of Na2CO3 
(75 g/1 L). The sample was incubated for 5 min 
at 50˚C then cooled. For a control sample, 0.5 
ml of distilled water was added. The absorbance 
was measured at 760 nm. Total phenolic content 
expressed as gallic acid equivalent (GAE) was 
calculated, and the results were expressed as an 
mg GAE g-1 extract. 

Identification of phenolic acids using HPLC 

Phenolic acids of the dried extracts were 
identified according to the method described by 
Mattila et al. (2000). HPLC (Hewllet Packard 
series 1050, USA) equipped with auto sampling, 
injector, solvent degasser, UV detector set at 
330 nm and quarter HP pump (series 1050) was 
used. Column (C18 hypersil BDS) with particle 
size 5µm was used. The separation was carried 
out with methanol and acetonitrile as a mobile 
phase at flow rate of 1 ml/min. The column 
temperature was performed at room temperature 
(25˚C) throughout the experiment. Identification 
and quantification were carried out based on 
calibrations of the standards prepared from 
phenolic acids dissolved in a mobile phase. 
Retention time and peak area were used for 
calculation of phenolic acid compounds by the 
data analysis of Hewllet Packared Software. 

Preparation of ghee 

Ghee (a heat clarified butter fat) was prepared 
by boiling butter according to the method 
described by Dahram (2002). The butter used 
for preparing ghee was made from pasteurized 
unripened buffaloes milk cream. The main steps 
for preparing ghee were followed by the method 
described by (Reddy et al., 2016). 

Ghee like product preparation  

Ghee like product with increased level of 
polyunsaturated fatty acids was prepared from a 
blend of ghee (molted at 40- 45˚C) and 
sunflower oil at a ratio of 60 and 40, 
respectively. The selected blending ratio was 
chosen on the basis of a preliminary trial which 
indicated that then chosen blending ratio gave a 
blend with acceptable flavours, texture and 
appearance as compared with pure ghee as 
shown in Table 1. 
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Table 1. The properties of ghee /sunflower oil blend at a different ratios 

Blend contents Properties 

Ghee Sunflower oil 
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Determination of fatty acid composition of 
the product using GC  

The fatty acid methyl esters were analyzed 
using to Thermo Ultra Trace GC series gas 
chromatography and Thermo DSQǁ mass 
spectrometer from Thermo Fisher Scientific 
(Waltham, MA, USA). SGE BP x 70 column 25 
m × 0.25 mm, 0.25 µm film thicknesses (65% 
methyl-35%- phenyl silicone) was used (Tong 
et al., 2007). Area under each fatty acid peak 
relative to the total area of all fatty acid peaks 
was used to quantify the fatty acids identified. 
Results are reported as g fatty acid/100 g of total 
fatty acids (Lutterodt et al., 2011).  

Degree of unsaturation 

Iodine value was determined as an index for 
the degree of unsaturation according to AOAC 
(2007). 

Oxidative stability testes 

Peroxide and acid values of ghee were 
determined according to AOAC (2007).While 
Thiobarbiuturic test (TBA) value of ghee was 
determined according to Keeny (1971).  

Accelerated stability test (Rancimat) 

The resistance to autooxidation was 
measured using Rancimat apparatus 743 

(Metrohm, Herisau, Switzerland) instrument at 
120°C with airflow rate of 20 l/hr. The oxidative 
stability was expressed as induction period (hr.) 
or oxidative stability index (hr.). A 3.0 g sample 
of completely melted weighed accurately into 
each of the reaction vessels. The vessels were 
then placed in the heating block of the Rancimat 
apparatus. The reaction vessels were then 
connected to the measuring vessels via 
connecting tube. 60 ml of deionized water was 
measured into each of the measuring vessels, 
containing the electrodes. The measuring vessels 
were also placed in the Rancimat apparatus. All 
parts were connected to the apparatus as per the 
operating instructions, and the test was carried 
out until the endpoints of all samples were 
reached, with a maximum allowable limit of 48 
hours according to AOCS (1997). 

Statistical Analysis 

All data were statistically analyzed using the 
general linear models procedure of the statistical 
analysis system SAS (1998). Significances of 
differences were defined at P < 0.05. All 
experiments as well as related analysis results 
were repeated   three times and all obtained data 
are expressed  as an average. 
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RESULTS AND DISCUSSION 

Chemical Composition of Dried Plant 
Materials 

The proximate composition of dried moringa, 
and mulberry leaves powder are illustrated in 
Table 2. The results showed that there were 
significant differences between the two samples 
for each content. Moisture, protein, fat, ash, and 
carbohydrate contents of moringa leaves powder 
were (3.10, 10.60, 10.30, 7.14 and 68,86g/100g) 
respectively. These results are in agreement with 
the data obtained by Amabye (2016).While 
moisture, protein, fat, ash and carbohydrate 
contents of mulberry leaves powder were 
(11.20, 18.60, 5.10, 11.30 53,80 g/100g) 
respectively. These results are in agreement with 
the data obtained by Al-Kirshi et al. (2013). 

Yield of Extracts 

The yield of extracts is shown in Table 3. 
Ethanolic moringa leaves extract had higher 
yield (11.64 g/100 g), followed by ethanolic 
mulberry leaves extract (9.68 g/100 g). These 
results agree with that reported by Memon et al. 
(2010), Sharma and Paliwal (2013) and 
Engsuwan et al. (2017). The variation in the 
extraction yield may be attributed to the content 
of total phenol compounds and the polarity of 
compounds in plants. Such differences have 
been reported by Prakasha et al. (2001). 

Total Phenolic Compounds 

Results presented in Table 3 show that 
ethanolic moringa leaves extract had the highest 
percentage of total phenols (2932.24 mg/100g), 
followed by ethanolic mulberry leaves extract 
(2612.42 mg/100 g). These results agree with 
that reported by Memon et al. (2010) and 
Charoensin (2014). Therefore, ethanolic 
moringa and mulberry leaves extract could be a 
good source of bioactive compounds which have 
high antioxidative properties. 

Radical Scavenging Activity (RSA) of 
Plants Ethanolic Extracts 

The principal of this assay is billed on the 
measurement of the scavenging activity of the 
extract toward the stable radical DDPH. The 
free radicals DDPH is reduced to the 
corresponding hydrazine when it reacts with 

hydrogen donor the stability is evaluated by 
decolorizing assay which evaluate the decrease 
in the absorbance at 517 nm produces by the 
addition of the extract to DDPH solution. The 
degree of discoloration indicate the scavenging 
potential of the antioxidants compounds extract 
in term of hydrogen donating ability (Kriengsak 
et al., 2006). The results of radical scavenging 
activity (RSA) with DDPH for moringa and 
mulberry leaves extract are shown in Table 4. 
RSA for moringa leaves extract was found to be 
higher than that of mulberry leaves extract. RSA 
for moringa leaves extract was 89.72% while its 
was 88.40% for mulberry leaves extract. These 
values were comparable to that of BHA which 
was 91.32%. The general trend of the obtained 
results is found to be in agreement with that 
reported by Charoensin (2014) for moringa and 
Memon et al. (2010) for mulberry leaves 
extract. 

Identification of Phenolic Compounds by 
HPLC  

Table 5 shows the phenolic compounds in 
both moringa and mulberry leaves extract. The 
phenolic compounds of moringa leaves extract 
ranged from 0.74 to 620.18 mg/100g. The 
predominant compound in moringa extract was 
rutin 620.18mg/100g. These results are similar 
to those reported by Engsuwan et al. (2017). 
With respect to the phenolic compound identified 
in mulberry extract, their concentration ranged 
from 12.62 to 142.26 mg/100 g. The predominant 
compound was found to be chlorogenic acid 
(142.62 mg/100g). These results agree with that 
of Memon et al. (2010). 

Degree of Unsaturation and Fatty Acid 
Content of Ghee Like Product 

From Table 6, it can be seen that butter oil 
had a lower iodine value (43.8) than sunflower 
oil (128.6). When added sunflower oil to ghee at 
a rate of 40% increased iodine value of blend to 
(78.2). This mean that blended of ghee with 
40% sunflower oil increased a level of 
unsaturated fatty acids to resultant blend. 

Fatty Acid Composition 

In general polyunsaturated fatty acids (PUFA) 
of the n- 6 family of which linoleic acid is the 
most important in the diet result in lowering of 
plasma cholesterol whereas those of n-3 family
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Table 2. Proximate chemical composition of moringa and mulberry leave’s powder (g /100g) 

Item           Moringa  leave’s  powder Mulberry leave’s powder 

Moisture 3.10  11.20  

Protein 10.60  18.60  

Fat 10.30  5.10  

Ash 7.14  11.30 

Carbohydrate 68.86 53.80 
 

 

Table 3. The yield and total phenolic compounds of moringa and mulberry leaves extract 

Material Yield (g/100g) Total phenolic compounds (mg/100g) 

Moringa leaves 11.64 2932.24 

Mulberry leaves 9.68 2612.42 
 

          

Table 4. Scavenging effect of ethanolic moringa and mulberry leaves extract on DPPH radical 
scavenging as measured by changes at 515 nm 

Materials 

Moringa leaves extract (%) Mulberry leaves extract (%) BHA (%) 

Radical scavenging 
activity (RSA) (%) 

89.72  88.40  91.32 
 

 

Table 5. Identification of phenolic compounds in ethanol extracts of various materials as 
determined by HPLC 

Item Moringa leaves  extract 
(mg/100 g) 

Mulberry leaves extract  
(mg/100 g) 

Gallic acid 
Syringic acid 
Protocatechuic 
Chlorogenic 
Caffien 
Catechin 
Ferulic 
Benzoic 
Quercetin 
Rutin 
Coumaric acid 
Vanillic acid 
Ellagic acid 
Tannic acid 

46.14 
8. 30 
ND 
ND 
0.74 
6.14 
1.10 

42.12 
42.56 

620.18 
1.90 
ND 

62.48 
4.22 

ND 
14.32 
14.20 

142.26 
ND 
ND 

32.40 
35.20 
ND 
ND 

12.62 
22.18 
ND 
ND 

Total 835.88 273.18 

ND = Not Detected 
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Table 6. Iodine values of ghee and sunflower oil and its blends 

Sample Iodine value 

Ghee 43.8 

Sunflower oil 128.6 

Ghee/sunflower oil blend (60:40 W/W)  78.2 

 

 

exemplified by α- lenolenic acid cause a 
lowering of plasma triacylglycerol but not of 
cholesterol (Gurr et al., 1989). 

Fatty acid composition of ghee, sunflower oil 
and ghee+ sunflower is shown in Table 7. The 
results indicated that sunflower oil contained 
17.82% total saturated fatty acids (SFA), while 
it contained 21.53% total mono unsaturated fatty 
acids (MUSFA) and 60.65% polyunsaturated 
fatty acids (PUSFA). These results are in 
agreement with the data obtained by Chugh and 
Dhawan (2014). Ghee contained 62.98% total 
saturated fatty acids (SFA), while it contained 
32.40% total mono unsaturated fatty acids 
(MUSFA) and 5.80% polyunsaturated fatty 
acids (PUSFA). Blending of ghee and sunflower 
oil 60: 40 increased its contents from 
polyunsaturated fatty acids (PUSFA) from 
5.80% to 29.44%. Total saturated fatty acids in 
the blend were 46.34% compared with 62.98% 
in ghee. Reducing saturated fatty acids and 
increasing polyunsaturated fatty acids has 
dietary and healthy advantage. Increasing 
polyunsaturated fatty acids reduce blood 
cholesterol level and prevent coronary heart 
disease (Berger et al., 2015). 

Oxidative Stability of Ghee Like Product 
Containing High Levels of Unsaturated 
Fatty Acids 

Peroxide value (PV) 

From the results presented in Table 8, it 
could be seen that peroxide values were 
increased in all treatments during incubation at 
63±1°C for 21 days. The changes in peroxide 
values take place in ghee/sunflower oil 
containing moringa or mulberry leaves extracts 
at a relatively lower rate compared with the 
blend without added ethanolic extracts. This 
observation was more remarkable with moringa 

leaves extract compared with mulberry leaves 
extract. Meanwhile the higher concentration (400 
and 600 ppm) of the added extracts either in 
case of moringa or mulberry was more effective 
in reducing the development of peroxide value. In 
addition the antioxidant efficiency of moringa or 
mulberry leaves extracts was comparable to the 
effect of BHA (synthetic antioxidant). These 
results agree with Pawar et al. (2014) and 
Atwaa et al. (2015). The results obtained reveal 
that the effect of these additives as natural 
antioxidants, in retarding of fat-autooxidation in 
ghee like product is in the order moringa and 
mulberry leaves extracts (400 ppm). These 
results agree with Memon et al. (2010) and 
Engsuwan et al. (2017). 

Thiobarbiuturic (TBA) test 

It is well known that TBA values are taken as 
an index to evaluate the advance of oxidation 
changes occurred in oils and fats. The addition 
of moringa and mulberry leaves extract to ghee 
like product retarded the oxidative changes 
during accelerated storage at 63±1˚C (Table 9). 
TBA values of ghee like product treated with 
both moringa and mulberry extracts were lower 
than that of ghee without additives and also they 
were comparable to those of ghee like product 
treated with BHA .Studying these results, it 
could be noticed that control ghee samples 
showed higher TBA values throughout the 
accelerated incubation period. The ethanolic 
moringa leaves extract treated ghee like product 
samples at different concentrations showed 
lower TBA values compared with ethanolic 
mulberry leaves extract, throughout the 
accelerated incubation period. There were 
significant differences (p < 0.05) between 
treatments throughout the incubation period. 
These results agree with Asha et al. (2015) and 
Atwaa et al. (2015). 
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Table 7. Fatty acid composition of ghee, sunflower oil and blend of ghee and sunflower oil 
(60:40 W/W) 

Fatty acid Ghee Sunflower 
oil 

Ghee+ Sunflower 
oil 60 : 40 (W/W) 

Butyric (C4) 3.20 0.00 1.36 
Caproic (C6) 1.80 0.00 1.00 
Caprylic (C8) 1.40 0.00 0.80 
Capric (C10) 2.60 0.00 1.50 
Lauric (C12) 2.40 0.61 1.70 

Myristic (C14) 8.62 0.12 4.90 
Palmitic (C16) 29.70 8.12 22.50 
Stearic (C18) 13.26 7.54 12.44 

Arachidic 0.00 0.36 0.12 
Behenic 0.00 0.84 0.36 

Saturated fatty acid  

Lignoceric 0.00 0.23 0.10 
Palmitoleic 0.00 0.12 0.04 
Oleic (C18:1) 32.4 21.19 23.32 

Mono unsaturated fatty acid 

Gadoleic 0.00 0.22 0.08 
Linoleic (C18:2) 2.70 60.20 28.14 

Linolenic (C18:3) 1.30 0.45 0.90 
Poly unsaturated fatty acid 

Archidonic (C20) 1.80 0.00 0.40 
Total saturated fatty acid 62.98 17.82 46.34 
Total  unsaturated fatty acid 38.02 82.18 52.88 
 Total mono unsaturated fatty acid 32.40 21.53 23.44 
Total  polyunsaturated fatty acid 5.80 60.65 29.44 
 

 

Table 8. Peroxide value of ghee like product containing high polyunsaturated fatty acids 
enriched with antioxidants during incubation at 63 ± 1˚C for 21 days (meq/Kg). 

Storage period (day)  Sample 

0 7  14 21 

C 2.46±0.015a 5.13±0.010a 12.36±0.020a 17.63±0.011a 

C1 2.43±0.010a 3.62±0.015c 4.17±0.010de 4.86±0.015d 

T1 2.46±0.015a 4.12±0.010b 5.21±0.015cd 6.31±0.015c 

T2 2.45±0.015a 3.36±0.020cd 3.92±0.010e 4.23±0.010e 

T3 2.44±0.015a 2.94±0.020e 3.25±0.015f 3.86±0.015f 

T4 2.46±0.015a 4.36±0.015ab 5.76±0.015c 6.94±0.010bc 

T5 2.44±0.010a 3.53±0.015cd 4.12±0.005de 4.77±0.010de 

T6 2.46±0.020a 3.26±0.020d 3.82±0.010e 4.15±0.015e 

LSD 0.002 0.023 0.019 0.018 
Data are expressed as mean ± standard deviation (SD). Values given represent means of three determinations  
C: Control without antioxidants                                                    C1:  Ghee treated with 200ppm BHA (positive control) 
T1: Ghee treated with 200ppm moringa leaves extract.                T2: Ghee treated with 400pp moringa leaves extract. 
T3: Ghee treated with 600ppm moringa leaves extract.                T4: Ghee treated with 200ppm mulberry leaves extract. 
T5: Ghee treated with 400ppm mulberry leaves extract.               T6: Ghee treated with 600ppm mulberry leaves extract 
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Table 9. The TBA value of ghee like product containing high polyunsaturated fatty acids 
enriched with antioxidants during incubation at 63 ± 1˚C for 21 days (O.D at 532 nm) 

Storage period (day)  Sample 
0 7  14 21 

C 0.072±0.0015a 0.097±0.0021a 0.181±0.0021a 0.243±0.0020a 

C1 0.074±0.0020a 0.086±0.0015ab 0.121±0.0015bc 0.177±0.0061b 

T1 0.076±0.0015a 0.092±0.0021a 0.137±0.0061b 0.213±0.0153ab 

T2 0.0733±0.0015a 0.083±0.0015ab 0.113±0.0153bc 0.162±0.0015c 

T3 0.0713±0.0015a 0.074±0.0153b 0.095±0.0015c 0.120±0.0100d 

T4 0.0767±0.0015a 0.094±0.0015a 0.157±0.0061ab 0.220±0.0100ab 

T5 0.0753±0.015a 0.087±0.0015ab 0.012±0.0015d 0.177±0.0061b 

T6 0.0733±0.0015a 0.076±0.0153b 0.097±0.0021c 0.130±0.0100d 

LSD 0.002 0.011 0.009 0.012 

Data are expressed as mean ± standard deviation (SD). Values given represent means of three determinations 
 

Acid Value 

Table 10 shows clearly that there are 
significant differences (p<0.05) between ghee 
like product treatments through the incubation 
period. Considerable increases of acid value 
were observed until the end of incubation period 
of ghee like product at 63 ± 1˚C, for all samples 
including the control one. 

Moringa and mulberry  leaves extracts at rate 
of 400 and 600 ppm showed the lower increase 
in acid value of ghee like product compared 
with synthetic antioxidants’ referring to the high 
effect of moringa and mulberry  leaves extracts 
in delaying ghee like product hydrolysis. 
Moringa leaves extract was more effective 
followed by the mulberry leaves extract 
comparing with the control. Moringa and 
mulberry leaves extract were favorable as an 
antioxidant agent (Memon et al., 2010; 
Engsuwan et al, 2017). These results agree with 
Asha et al. (2015) and Atwaa et al. (2015). 

Accelerated stability test (Rancimat) 

The effect of extracts (ethanolic) and BHA 
incorporation on oxidative stability of ghee like 
product containing high level of unsaturated 
fatty acids was evaluated by Rancimat 
equipment and the results are presented in Table 
11. The induction time was used as indicator of 
antioxidative potential of antioxidants used. The 
induction period (IP) is also known as oxidative 
stability index (OSI) determined as the time 

required reaching an end point of oxidation 
corresponding to either a level of detectable 
rancidity or a fast change in the rate of oxidation 
(Presa and Lopez, 1995). 

The ethanolic extracts were found to be more 
effective in stabilizing ghee like product against 
oxidative deterioration as compared to control 
ghee like product. However, ghee like product 
containing ethanolic extracts had significantly 
higher (p < 0.05) induction periods than that of 
control sample. Nahak and Sahu (2010) reported 
that phenolic compounds are considered to be 
the most important antioxidative components of 
herb and other plant materials, and a good 
correlation exist between the concentrations of 
plant phenolic and the total antioxidant 
capacities. Ghee like product containing ethanolic 
extracts had significantly higher (P<0.05) 
antioxidative effectiveness followed by ghee 
like product enriched with BHA and finally 
control ghee like product. The antioxidant 
activity of extracts and BHA in ghee like 
product as measured by Rancimat, was in the 
following order: Moringa ethanolic extract (600 
ppm) > Mulberry ethanolic extract (600 ppm) > 
Moringa ethanolic extract (400 ppm) > 
Mulberry ethanolic extract (400 ppm) > BHA > 
Moringa ethanolic extract (200 ppm) > 
Mulberry ethanolic extract (200 ppm) > control 
(Table 11). These results agree with the results 
obtained with Pawar et al. (2014) and El-
Shourbagy and El-Zahar (2014). 
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Table 10. Acid value of ghee containing high polyunsaturated fatty acids enriched with antioxidants 
during incubation at 63 ± 1˚C for 21 days (mg KOH/g oil) 

Storage period (day)  Sample 

0 7  14 21 

C 0.46±0.015a 0.82±0.015a 1.21±0.015a 1.95±0.015a 

C1 0.44±0.015a 0.68±0.015b 0.85±0.015c 1.13±0.010c 

T1 0.43±0.020a 0.74±0.015ab 0.92±0.015bc 1.23±0.015bc 

T2 0.47±0.020a 0.60±0.026bc 0.83±0.015cd 1.04±0.010d 

T3 0.43±0.010a 0.54±0.020c 0.76±0.015d 0.92±0.015 

T4 0.45±0.032a 0.78±0.020ab 0.97±0.020b 1.33±0.015b 

T5 0.44±0.020a 0.64±0.015b 0.88±0.010c 1.06±0.015d 

T6 0.46±0.015a 0.58±0.015bc 0.82±0.010cd 1.02±0.015d 

LSD 0.028 0.026 0.021 0.019 

Data are expressed as mean ± standard deviation (SD). Values given represent means of three determinations. 

 

 

 

Table 11. Accelerated stability test (Rancimat) of ghee like product containing high levels of 
polyunsaturated fatty acids enriched with natural antioxidants 

Sample Induction period (hr.) 

C 12.8 ±0.24f 

C1 22.4 ±0.28bc 

T1 18.6 ±0.18d 

T2 23.4 ±0.22b 

T3 25.8 ±0.25a 

T4 16.2 ±0. 21e 

T5 21.6 ±0. 18c 

T6 24.7 ±0. 15a 

LSD 0.018 

Data are expressed as mean ± standard deviation (SD). Values given represent means of three determinations. 
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Conclusion 

Various extracts of moringa leaves extract 
and mulberry leaves extract showed varying 
degrees of antioxidant activity. It is notable that 
moringa leaves extract exhibited strong 
antioxidant capacity, followed by mulberry 
leaves extract. Therefore, these extracts could be 
used as preservative ingredients to improve 
oxidative stability of ghee like product 
containing high levels of polyunsaturated fatty 
acids. 
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