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Abstract

Peanut oil, renowned for nutty flavour and nutritional value, faces challenges in storage due to high susceptibility to oxidative deterioration. In this
study, encapsulation was employed using corn starch and whey protein isolate using microwave technique to enhance peanut oil stability. The un-
encapsulated and encapsulated peanut oil were stored under ambient conditions for 180days. Bio-chemical characteristic was monitored during
storage. The results revealed that the peroxide value increased during storage, remained significantly lower in encapsulated peanut oil (8.040meq/
kg oil) as compared to un-encapsulated peanut oil (16.823meq/kg oil). The un-encapsulated peanut oil exhibited a higher rate of increase in Free
Fatty Acids (FFA). The encapsulated peanut oil confirmed a minor change in antioxidant activity (14.04%). Un-encapsulated peanut oil showed a
higher rate of decrease in total phenol content. Overall, encapsulation proved to be an effective technique in protecting peanut oil from oxidative
deterioration and extending its shelf life, thus can be used in biomedical science to provide the peanut oil and its’ benefits to their respective site in

effective form.
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Introduction

Peanut (Arachis hypogaea L) oil is widely recognized and con-
sumed for its distinctive nutty flavour, high smoking point, and nu-
tritional value. However, the susceptibility of peanut oil to oxidation
poses a significant challenge to its storage and shelf life [1]. Oxida-
tive degradation of peanut oil can lead to the development of un-
desirable flavours, rancidity, and a decline in its nutritional quality
[2]. To address this issue, encapsulation techniques have been in-
vestigated to enhance the storage stability. Encapsulation involves
enclosing a substance within a protective coating or matrix, provid-
ing a barrier against oxygen, light, and moisture [3]. This approach
has shown promising results in improving the stability of various
food ingredients and bioactive compounds [4]. In addition, encap-
sulation technique also offers advantages such as controlled re-
lease of bioactive compounds, masking of unpleasant flavours, and
protection against enzymatic degradation. Comprehensive studies

comparing the storage stability of encapsulated and unencapsulat-
ed peanut oil are currently limited. This research aims on evaluat-
ing and comparing the storage stability of encapsulated and unen-
capsulated peanut oil. The findings from this study will significantly
contribute to our understanding of the effectiveness of encapsula-
tion to enhance the storage stability of peanut oil. which enhance
the superficial effect in human body by providing it at specific site
in supportive forms while preserving the natural compounds.

Materials and Methods

Procurement of Materials

Peanut (GJG-32) was procured from Main Oilseed Research Sta-
tion of Junagadh Agricultural University (Junagadh, Gujarat). The
cold pressed peanut oil used for the storage as well as encapsula-
tion. Corn starch, whey protein isolates and lecithin were procured
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from the local market. Analytical chemicals used in the experiment
were of appropriate grade.

Encapsulation of Peanut Oil

Wall materials; corn starch and whey protein isolate (1.3:1)
were prepared in distilled water as an aqueous phase (50% total
solids). The oil phase was prepared with peanut oil (20%) and
lecithin (0.3%). The emulsion was prepared with the help of ultra-
sonication (5.5min @20kHz, 500W, 75% amplitude). The prepared
emulsion was treated in Microwave oven (CE76]D/XTL, Samsung,
USA) at 300 W for obtaining solid encapsulated form of peanut oil
[3]. Physical and functional properties as well as bio-chemical char-
acteristics of encapsulated peanut oil were measured using stan-
dard procedures.

Storage of Encapsulated Peanut Oil

A sample of 100 g peanut oil encapsulates and unencapsulated
peanut oil was stored in airtight glass bottle at an ambient condi-
tion. The bio-chemical characteristics; peroxide value, free fatty ac-
ids, antioxidant activity and total phenol content were observed at
15 days interval.

Oxidation Deterioration

Peroxide Value (PV) is measured as an indicator of oxidation for
the oil containing samples. IDF standard method was used to mea-
sure the peroxide value of peanut oil and peanut oil encapsulates
[5]. A sample of 1g was extracted in 10mL distilled water. A 400uL
of extract was mixed with 1.5mL of iso-octane: isopropanol (2:1)
and vortexed. After the phase separation, the supernatant was tak-
en to measure PV. A 400uL of extract was added to 9.6mL of a chlo-
roform-methanol (7:3) solvent. Colour was developed with freshly
prepared 50puL of ammonium thiocyanate and iron (II) chloride
solution. The samples were briefly vortexed and allowed to react
in the dark for 30mins. Standard was prepared with using iron (III)
chloride (Fe**). The absorbance was made at 500nm, and peroxide
value was calculated by the following equation,

(A —A)xm

Peroxide value (meg kg oil) = 55 g4 2
55 84 xmy x

Here, A & A =Absorbance of sample and blank, respectively;
m=Slope of standard curve; m ;=Mass in grams of the sample.

Free Fatty Acids

Free fatty acids, FFA were measured by the method described
in AOAC [6]. 1g of oil sample was taken and 50mL of diethyl ether
and alcohol solution (1:1) was added. The samples were titrated
against 0.5N NaOH with phenolphthalein as an indicator until a
pink colour developed and persisted for at least 15s.

Antioxidant Activity

The DPPH (a, a-diphenyl-B-picrylhydrazyl) radical scavenging
activity was measured as suggested by Luo, et al,, [7]. Extraction
was carried out using alcohol at 1:10 ratio. The total volume of 2mL
was made. DPPH solution (0.012g/100mL alcohol) was added to
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the samples and shaken vigorously. The process was carried out in
completely dark environment. Samples were allowed to react for 30
minutes. Absorbance was measured at 517nm, and the antioxidant
activity was calculated by equation,

A —A_
Antioxidant activity (%o) = —— =7 » 100 (2)

“Trontrol

Total Phenol Content

Total phenol content was measured as per the method given by
Singleton and Rossi [8] after minor modification. The samples were
extracted with alcohol at 1:10 ratio. From 0.2ml of extract, volume
was made up to 3ml with distilled water. Freshly prepared Folin
Ciocalteu reagent (0.5ml) was added. After 2Zminutes, 2ml of sat-
urated sodium carbonate solution (20%) was added. The samples
were allowed to react for 45minutes, and absorbance was made at
765nm. The standard curve was prepared from Gallic acid.

Statistical Analysis

Data was obtained with three replications and statistically ana-
lysed using Microsoft Excel 2013. The t-test statistical analysis was
performed to check the significant difference.

Results and Discussion
Properties of Encapsulated Peanut Oil

The moisture content of encapsulated peanut oil was found
2.22% (w.b.) which is permissible for the further processing, trans-
portation and storage. The encapsulation efficiency was found
71.12%. Hausner ratio and Carr’s index were measured to indicate
flowability, which were 1.155 (Good) and 13.39% (Good), respec-
tively. Table 1 presents the physical and functional properties as
well as bio-chemical characteristics of encapsulated peanut oil (Ta-
ble 1).

Storage Stability of Encapsulated Peanut Oil

The bio-chemical characteristics including peroxide value, Free
Fatty Acids (FFA), antioxidant activity, and total phenol content
were examined at 15-day intervals during 180 days of storage. An
average temperature of 28.8°C and a relative humidity of 57.7%
was observed for storage environment during the study (Table 2).

Oxidative Resistance

The study revealed that after 180 days of storage, the peroxide
value of the peanut oil reached to 16.823meq/kg oil. In comparison,
the encapsulated peanut oil had a peroxide value of 8.040meq/kg
oil (Table 2). The peanut oil had 52.2% higher peroxide value than
the encapsulated peanut oil. Initially, the encapsulated and unen-
capsulated peanut oil had a peroxide value of 4.020meq/kg oil and
3.578meq/kg oil, respectively. The encapsulation process exposed
the peanut oil to oxygen, leading to a higher peroxide value. The
peanut oil showed a 370.13% increase in peroxide value, while
the encapsulated peanut oil experienced a 100% increase over the
180 days period (Figure 1). Encapsulation effectively preserved
the quality of the peanut oil by keeping the peroxide value below
the limit. T-test also showed significant difference between aver-
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age peroxide value of unencapsulated and encapsulated peanut oil
during storage (Table 2). According to Davis, et al., [9], a peroxide
value exceeding 10meq/kg oil indicates higher oxidation. The Food
Safety and Standards Authority of India (FSSAI) has set a limit of
15meq/kg oil for peroxide value in cold-pressed oils. The protec-
tive layer formed by corn starch and whey protein restricted the
oil's exposure to environmental factors, preventing oxidation [4].
In a similar study, Omar, et al. [10] investigated the peroxide value
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of encapsulated flaxseed oil using spray drying. They reported that
after 70 days (10 weeks) of storage at an average temperature of
28.8°C and relative humidity of 44% and 54.4%, the peroxide val-
ue of encapsulated flaxseed oil increased from 2.18 to 9.39meq/kg
oil and 2.24 to 8.89meq/kg oil, respectively. Another study by Bae
and Lee [11] demonstrated that encapsulated avocado oil exhibited
higher stability against oxidation during 8 weeks of storage at 25°C.

Table 1: Physical, bio-chemical and functional properties of encapsulated peanut oil.

Parameters ‘ Value
Physical Properties

Moisture content (% w.b.) 2.29
Bulk density 9kg/m?) 642.52

Angle of repose (°) 45.8
Hausner ratio 1.155

Carr’s index (%) 13.39
Encapsulation efficiency (%) 71.12

Bio-Chemical Characteristics

Antioxidant activity (%) 55.6
Peroxide value (meq/kg oil) 3.602
Free fatty acids (%) 0.121

Total phenol content (mg GAE/100 g) 0.21

Functional Properties
Wettability (s) 248
Water Solubility Index (%) 9.93

Table 2: Bio-chemical characteristics of unencapsulated and encapsulated peanut oil during storage.

Storage Peroxide Value (meq/kg oil) FFA (%) Antioxidant Activity (%) Total Phenols (mg GAE/100 g)
(days) 0il Encapsulates 0il Encapsulates 0il Encapsulates 0il Encapsulates
0 3.578+0.11 4.020+0.07 0.028+0.002 0.048+0.001 90.17+1.95 54.72+3.35 0.351+0.005 0.228+0.004
15 3.927+0.07 4.206+0.11 0.056+0.002 0.056+0.001 86.57+2.65 54.19+3.84 0.305+0.004 0.222+0.003
30 3.997+0.08 4.461+0.02 0.056+0.001 0.062+0.000 78.14+0.56 59.56+2.31 0.273+0.003 0.240+0.001
45 4.275+0.13 4.415+0.08 0.062+0.001 0.068+0.003 79.64+2.37 50.59+9.21 0.319+0.001 0.202+0.003
60 5.135+0.06 4.763+0.01 0.071+0.002 0.071+0.001 75.26+2.37 49.28+5.25 0.223+0.003 0.197+0.003
75 5.577+0.07 5.182+0.00 0.079+0.003 0.079+0.003 73.81+0.93 48.44+2.15 0.299+0.002 0.206+0.001
90 6.646+0.17 5.437+0.23 0.099+0.002 0.087+0.003 73.15%£1.18 41.69+7.34 0.324+0.008 0.278+0.001
105 5.902+0.18 5.368+0.21 0.118+0.002 0.090£0.001 71.98+2.14 41.21+£3.71 0.275+0.009 0.230+0.007
120 7.877+0.06 5.763+0.15 0.152+0.006 0.096+0.002 64.07+1.5 45.77+5.28 0.394+0.016 0.271+0.006
135 10.503+0.09 6.134+0.07 0.172+0.002 0.104+0.001 55.61+0.55 37.74+2.30 0.258+0.000 0.236+0.004
150 11.572+0.32 6.506+0.24 0.192+0.004 0.116+0.001 53.38+1.65 40.97+1.74 0.191+0.008 0.164+0.006
165 13.105+0.53 6.971+0.25 0.209+0.005 0.124+0.004 47.24+1.58 41.72+0.08 0.227+0.010 0.183+0.004
180 16.823+0.65 8.040+0.20 0.231+0.009 0.130+0.005 46.84+1.06 40.68+1.03 0.266+0.007 0.197+0.008
Average 7.609+4.16 5.482+1.19 0.117+0.07 0.087+0.03 68.91+14.3 46.66%6.71 0.285%0.055 0.220+0.033
Peca:)rrsr‘_’“ 0.984 0.986 0.784 0.738
t Statistics 2.560* 2.649* 8.064**+* 6.164***
*Note: *-Significant; ***-Extremely significant.
American Journal of Biomedical Science & Research 640




Am ] Biomed Sci & Res Copyright© Sachin S Bhuva

i il

Figure 1: Change in peroxide value, free fatty acids, antioxidant activity and total phenol content of unencapsulated and encapsulated peanut oil

during storage.

Free Fatty Acids

The Free Fatty Acids (FFA) content serves as an indicator of
oil quality degradation. At the beginning of the study (0 days), the
encapsulated peanut oil exhibited a higher FFA value (0.048%)
as compared to the peanut oil (0.028%), as presented in Table 2.
Pattnaik and Mishra [3] also reported higher FFA values for en-
capsulated oils. After 180 days of storage, the FFA content of the
peanut oil without encapsulation increased to 0.231%, while the
encapsulated peanut oil showed a value of 0.130% (Figure 1). The
statistical difference showed lower value of FFA for encapsulated
peanut oil as compared to unencapsulated peanut oil (Table 2). The
higher rate of FFA increase in the unencapsulated peanut oil during
storage can be attributed to factors such as light exposure, tempera-
ture fluctuations, and direct contact of the oil with environmental
oxygen inside the bottle. Encapsulation process forms a protective
barrier that limits direct contact between oxygen and the oil, there-
by retarding the oxidation process. Wang, et al., [12] also noted that
environmental conditions can influence changes in FFA content.

Antioxidant Activity

For 180 days storage period, antioxidant activity of the peanut
oil decreased from 90.17 to 46.84% (Table 2). Similarly, the encap-
sulated peanut oil exhibited a decrease in antioxidant activity from
54.72 to 40.68%. The change in antioxidant activity was 43.33%
for the peanut oil without encapsulation, whereas it was 14.04%
for the encapsulated peanut oil, indicating that encapsulation pro-
vides protection against the degradation of antioxidants (Figure 1).
During the storage, average antioxidant activity of encapsulated
peanut oil was observed statistically higher (Table 2). Encapsula-
tion effectively moderated the change in antioxidant activity of the
peanut oil during storage, resulting in a higher shelf life. The envi-

ronmental stresses contributed to a reduction in the antioxidative
activity of the kenaf oil and it encapsulates (Razmkhan, et al,).

Total Phenol Content

The total phenol content of the encapsulated peanut oil
was 0.228 mg GAE/100 g at starting and decreased to 0.197mg
GAE/100 g after 180 days of storage (Table 2). In comparison, total
phenol content of unencapsulated peanut oil decreased from 0.351
to 0.266mg GAE/100 g after 180 days. The trend of change in total
phenol content for both encapsulated and unencapsulated peanut
oil is illustrated in (Figure 1). T-test showed significant difference
between average total phenol content of the encapsulated and un-
encapsulated peanut oil (Table 2). The use of whey protein as a
wall material in encapsulation has shown effectiveness in protect-
ing total phenol compounds [13]. Encapsulation process success-
fully restricted the change in total phenol content of the core oil.
Encapsulation proved to be an effective strategy in protecting the
bio-chemical characteristics of peanut oil against oxidative deteri-
oration, ensuring a higher shelf life by retaining the quality com-
pounds of the oil during storage.

Conclusion

In conclusion, the encapsulation of peanut oil using corn starch
and whey protein isolate through a microwave technique has prov-
en to be a successful strategy in improving the oil’s storage stability
and oxidative resistance. Throughout the 180-day storage period,
the encapsulated oil maintained an acceptable peroxide value,
demonstrating its resistance to oxidation. Encapsulated peanut oil
exhibited lower levels of free fatty acids, indicating reduced hydro-
lytic rancidity. The retention of antioxidant activity and total phe-
nol content in the encapsulated oil further supports its enhanced
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preservation, contributing to its overall quality and nutritional val-
ue. These findings affirm that encapsulation effectively extends the
shelf life of peanut oil by enhancing its oxidative resistance. that
open the wide gate of research in biomedical science as it would be
used as a specific treatment towards the need of preserved nutri-
ents of oils at specific site of human body [14].
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