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Abstract: Rice bran oil, non conventional oil was blended with six traditional oils in the ratio of 70:30 and
80:20 for the enhancement of its market acceptability and awareness in consumers regarding its use in cooking.
Effect of deep-fat frying on these blends was studied by assessing the changes in percent fat absorption and
physicochemical properties during repeated frying process (three times). The physicochemical properties like
smoke point, frying temperature, viscosity, peroxide value, iodine value, acid value, free fatty acids and
saponification value of six rice bran oil blends were evaluated. By comparing all the RBO blends in terms of
repeated frying process and changes in physical and chemical parameters, RBO+PO in both ratios was found
to be the most stable frying medium up to third frying. So, this study will help the oil producing industry to find
the most economically viable oil blends with desirable physicochemical properties for cooking purposes.
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I.  Introduction

India is the world’s largest importer and the third largest consumer of edible oils [1]. In 2007, in India
alone, the annual and per capita consumption of edible oils were 11 million tones and 11.5 kg, respectively [2].
The most common application of edible oils is in deep-frying, salad dressings and food emulsions [3]. Deep-fat
frying is the cooking of food in pre-heated deep oil/fat at a high temperature of 150 to 190°C [4]. Fried foods
have desirable flavor, color, and crispy texture, which make deep-fat fried foods very popular to consumers [5].

The food value of the edible oils depends on the physical and chemical properties [6]. Deep-fat frying
changes the physical and chemical properties of oil due to formation of non -volatile compounds. Non volatile
compounds affect flavor stability and quality and texture of fried foods during storage [5]. A wide range of
vegetable oils is available in the market. However, some vegetable oils are not up to standards to meet consumer
satisfaction in terms of their physicochemical properties and stability of the food products [7]. To improve the
fat/oil functionalities and thus optimize their application in food products, direct blending of fats/oil is the
method of choice as it is considered to be a cheap and non destructive technique [8,9]. Blending of vegetable
oils is gaining popularity due to its advantages like to improve thermal stability, oxidative stability, and
nutritional benefits. Blending of oil with rice bran oil (RBO) has been found to improve the stability of the blend
during frying and storage [10].

RBO is nutritionally superior oil compared to other common vegetable oils and India is the second
largest producer of crude rice bran oil in the world [11]. RBO has high levels of phytosterols, gamma-oryzanol,
tocotrienols as well as tocopherols and it extends the shelf - life of snack foods. The high oxidative stability of
RBO makes it preferred oil for frying and baking applications [10]. The saturated, mono saturated and poly
saturated fatty acids in RBO are in the ratio of approximately 1:2.2:1.5 and the major fatty acid compositions
are not influenced by storage temperature, although linolenic acid level decrease by approximately 50 percent
during storage [12]. Hence, the present study was designed to investigate the effect of deep-fat frying on
physicochemical properties of rice bran oil blends.

Il.  Materials and Methods
The raw ingredients for deep frying, refined rice bran oil (RBO) and other refined vegetable oils viz.,
Olive oil (O0), groundnut oil (GO), soybean oil (SOO), sunflower oil (SO), mustard oil (MO) and palm-olein
oil (PO) were purchased from local markets. All the analytical and GC grade chemicals and solvents used were
supplied by Himedia (Mumbai, India).

2.1. Preparation of blends

A 100 ml mixture of RBO and other vegetable oil were placed in duplicate in 250-ml beakers for each
blend and were mixed by using a mechanical stirrer at 180 rpm for 15 min. Blends of rice bran oil viz.
RBO+00, RBO+GO, RBO+SO0, RBO+S0O, RBO+MO and RBO+PO were prepared in two ratios i.e., 80:20
and 70:30 [13].
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The selection of two ratios i.e. 80:20 and 70:30 was based on recommendations given by Prevention of
Food Adulteration Act (PFA) (1954) [14]. According to PFA 4th Amendment Rules 1992, blending of any two
vegetable oils (wherein the component oil used in the admixture is not less than 20%) has been permitted.

2.2. Frying process

Vegetable Pakoda (a traditional snack in India) was prepared in the blended oils using 100 g raw wet
materials in 500g of oil. The stainless steel pan used for frying had an area of 121m? and a depth of 12.5 cm.
Deep frying was done for three times and fat absorption and physicochemical properties of blended oils were
analyzed after each frying i.e., First, second and third respectively.

2.3. Physical parameters
Viscosity of blended oil was recorded after each frying with the help of Viscometer (Patent no:
688/Del/85). Smoke point and frying temperature were determined according to the AOCS [15].

2.4. Chemical parameters
Peroxide value, iodine value, saponification value, acid value and free fatty acids of the blended oils
were determined by using AOAC [16] methods.

2.5. Statistical analysis

All the determinations were carried out in triplicate and the results are given in mean * standard error.
The mean, standard error, percentages, one way analysis of variance (CRD), CD value and their statistical
significance was ascertained using a computer program package (CPCS1).

I11.  Results

3.1. Percent fat absorption of blended oils

In rice bran oil blends (70:30), minimum absorption of RBO+GO (4.3%) was found in vegetable
pakoda followed by RBO+0O0 (6.0%), RBO+SO (7.4%), RBO+MO (8.0%), RBO+SOO (8.5%) and RBO+PO
(10.0%) (Tablel). Similarly in blended oils prepared in the ratio of 80:20, minimum absorption of RBO+GO
(6.2%) and maximum absorption of RBO+PO (10.6%) was found in the vegetable pakoda (Table 1). After
second frying absorption of all the blended oils (70:30, 80:20) increased significantly (p<0.05) whereas after
third frying there was a significant (p<0.05) decline in the absorption rate except in the RBO+SO in the both
ratios. As the number of fryings and the frying temperature increase, the amounts of polymers increased [17].
Polymers cause higher oil absorption of foods and the oil rich in linoleic acid is more easily polymerized during
deep-fat frying than the oil rich in oleic acid [18].

3.2. Physical parameters
3.2.1. Changes in smoke point, frying temperature and viscosity:

The smoke point, which is the temperature at which a fat or oil produces a continuous wisp of smoke
when heated, was 200°C and above for all the blended oils except RBO+SO (188-190°C) and RBO+PO (180-
184 °C) in the both ratios. RBO+GO had highest smoke point i.e., 204 and 202°C in the ratio 70:30 and 80:20
respectively (Table 2). After second and third frying, a significant (p<0.05) decline was observed in the smoke
point of all blended oils of both ratios. The smoke point of RBO+GO (70:30) and RBO+PO (80:20) showed the
minimum percent decrease i.e., 4.9 and 3.3 respectively after second frying whereas after third frying, RBO+PO
(70:30) and RBO+SO (80:20) showed the minimum percent decrease in the smoke point i.e., 9.8 and 10.1
respectively. The maximum percent decrease in the smoke point was showed by RBO+0O in the both ratios
after third frying i.e., 15.0(70:30) and 13.0(80:20).

A significant (p<0.05) increase was observed in frying temperature of all RBO blends in the both ratios
i.e., 70:30 and 80:20 after second and third frying respectively. Deep-frying temperature should not exceed 180
°C as high frying temperature accelerates thermal oxidation and polymerization of oils [19]. The results showed
that RBO+GO and RBO+SO in both ratios had frying temperature below 180°C up to second frying (Table 2).
After third frying, RBO+SO also showed the highest percent increase in the frying temperature in the both ratios
i.e., 9.2 (70:30) and 10.6 (80:20) whereas the lowest percent increase was showed by RBO+SOO in the both
ratios i.e., 3.2 (70:30) and 2.1 (80:20).

With respect to viscosity, RBO+0OO had higher (40-41CST) and RBO+SO had lower (31-32 CST)
values than other blended oils in both ratios (Table 3). After frying, a significant (p<0.05) increase was observed
in the viscosities of all blended oils. After first frying, the maximum percent increase was observed in the
viscosity of RBO+MO (70:30) and RBO+SO (80:20) i.e., 5.4 and 6.5 respectively. RBO+SO also showed the
highest percent increase in the viscosity after third frying i.e., 21.9 and 22.6 in the ratio of 70:30 and 80:20
respectively whereas the lowest percent increase was observed in the viscosity of RBO+OO in the both ratios.
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3.3. Chemical parameters
3.3.1. Changes in peroxide value (PV)

Peroxide value is a measure of oxidation during storage and the freshness of lipid matrix. In addition, it
is a useful indicator of the early stages of rancidity occurring under mild condition and it is a measure of the
primary lipid oxidation products. So, greater the PV, the more will be the rate of oxidation of the oil [20]. The
changes in the PVs of selected oil blends during deep-frying are given in Table 4. It was observed that PV
increased significantly (p<0.05) during deep frying in the experimental RBO blends. At fresh conditions, the
minimum PV was observed in RBO+OO i.e., 0.53 meg/Kg (70:30) and 0.33 meqg/Kg (80:20) whereas the
maximum PV was found in RBO+MO i.e., 1.73 meqg/Kg (70:30) and RBO+SOQO i.e., 1.38 meqg/Kg (80:20). By
comparing both ratios, it was found that RBO+OO in the ratio of 70:30 showed the highest percent increase
(53.1%) in the PV whereas the lowest percent increase was recorded in RBO+PO (18.3%) and RBO+MO
(18.8%) after first frying. In the ratio of 80:20, the highest and the lowest percent increase was observed in
RBO+SOO0 (9.8%) and RBO+PO (17.3%) respectively. After second frying, again RBO+OO showed the
highest percent increase in the PV i.e., 77.3 and 81.7 whereas the lowest percent increase in PV was observed in
RBO+PO i.e., 31.0 and 36.4 respectively in the ratio of 70:30 and 80:20. In contrast, after third frying,
RBO+GO showed the least percent increase in the PV i.e., 55.9 and 66.9 in the ratio of 70:30 and 80:20
respectively. So, on the basis of percent increase in the PV, RBO+PO and RBO+GO were the most stable
blends up to third frying in the both ratios.

3.3.2.  Changes in iodine value (1V)

lodine value is an index of the unsaturation, which is the most important analytical characteristic of oil
[21]. The data on changes in the IV of the rice bran oil blends during deep frying are presented in Table 4. It was
observed that 1V decreased significantly (p<0.05) during deep frying in the experimental RBO blends. At fresh
conditions, the maximum IV was observed in RBO+SO i.e., 117.0g (70:30) and 118.9g (80:20) whereas the
minimum 1V was found in RBO+PO i.e., 107.3g (70:30) and 107.0g (80:20). By comparing both ratios, it was
found that RBO+0O in the ratio of 80:20 showed the highest percent decrease (5.9%) in the IV whereas the
lowest percent decrease was recorded in RBO+MO (0.4%) and RBO+PO (1.1%) after first frying. In the ratio of
70:30, the highest and the lowest percent decrease was observed in RBO+SO (5.9 %) and RBO+0O (0.8%)
respectively. Besides, the percent decrease in IV was also at lower side in RBO+SOO (1.1%) and RBO+PO
(1.6%) in the ratio of 70:30 after first frying.

After second frying, again RBO+OO (80:20) and RBO+SO (70:30) showed the highest percent
decrease in the IV i.e. 8.2 and 8.5 respectively whereas the lowest percent decrease in IV was observed in
RBO+GO (80:20) and RBO+0OO0 (70:30) i.e. 3.2 and 2.2 respectively. RBO+MO (80:20) and RBO+SOO
(70:30) also showed less percent decrease (i.e. 3.2 and 2.6 respectively) in the IV after second frying. After third
frying, the highest percent decrease in the IV was recorded in RBO+SO (10.4%) followed by RBO+OO0 (9.5%)
in the ratio of 80:20 whereas lowest percent decrease was observed in RBO+PO (4.5%). Similar trends were
observed in the ratio of 70:30, the highest and the lowest percent decrease was found in RBO+SO (10.7%) and
RBO+PO (2.7%) respectively. Interestingly, it was also found that the percent decrease in the IV of RBO+PO
after third frying was lower than the percent decrease after second frying in both ratios.

3.3.3. Changes in acid value (AV) and free fatty acids (FFA)

Acid value is a measure of the free fatty acids in the oil. Normally, fatty acids are found in the
triglyceride form, however, during processing the fatty acids may get hydrolyzed into free fatty acid. The higher
the AV found, the higher the level of FFA which translates into decreased oil quality. Acceptable levels for all
oil samples should be below 0.6 mg KOH/g (measured in potassium hydroxide per gram) [22]. The changes in
the AVs of selected oil blends during deep-frying are shown in Table 5. It was observed that AV increased
significantly (p<0.05) during deep frying in the experimental RBO blends. At fresh conditions, the minimum
AV was observed in RBO+0O0 (70:30) and RBO+SOO (80:20) i.e., 0.19 mg KOH/g whereas the maximum AV
was found in RBO+PO i.e., 0.42 and 0.37 mg KOH/g in the ratio of 70:30 and 80:20 respectively. After first and
second frying, in the ratio of 70:30, RBO+PO did not show any change in the AV whereas RBO+SO (17.9%)
and RBO+MO (15.2%) showed least percent increase in the AV after first and second frying respectively.
Surprisingly, after third frying AV of RBO+GO (70:30) reduced to the initial value (0.37 mg KOH/g) which
was recorded at fresh conditions whereas RBO+PO(70:30) showed the lowest percent increase (25.0 %) in the
AV after third frying. RBO+PO also showed the lowest percent increase (12.1 %) in the AV after third frying in
the ratio of 80:20.

The changes in free fatty acid (FFA) values are expressed as percent oleic acid. The percentage of FFA
were found to be the lowest in RBO+0O0 (70:30) and RBO+ SOO (80:20) i.e., 0.09 and the highest percentage
of FFA was found in RBO+PO (70:30) i.e.,, 0.21 at fresh conditions (Table 5). There were significant
differences (p<0.05) among the frying media in terms of FFA. The changing trend in the percent increase of
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FFA in the RBO blends was similar to the percent increase in the AV after fryings. RBO+PO in the both ratios
consistently showed the lowest percent increase in FFA formation up to third frying. Interestingly, after third
frying FFA of RBO+PO reduced to 0.16 percent from its initial value (0.19%) by 18.8 percent.

3.3.4. Changes in saponification value (SV)

Saponification value is an indication of the molecular weights of triglycerides in oil. It is inversely
proportional to the average molecular weight or chain length of the fatty acids [23]. Therefore, shorter the
average chain length (C4-C12) the higher is the SV [24]. There were significant differences (p<0.05) among the
RBO blends in terms of SV. The highest SV was found in RBO+PO i.e., 329.5 mg KOH/g (70:30) and 285.6
mg KOH/g (80:20) at fresh conditions which significantly (p<0.05) decreased to 133.5 and 108.3 mg KOH/g
after third frying (Table 6). The lowest SV was found in RBO+SOO i.e., 184.1 mg KOH/g (70:30) and 174.5
mg KOH/g (80:20) at fresh conditions which significantly (p<0.05) decreased to 65.3 and 76.5 mg KOH/qg after
third frying (Table 6). By comparing both ratios, it was found that RBO+GO(70:30) and RBO+0O0(80:20)
showed the lowest percent decrease (15.4 and 5.8 % respectively) in the SV whereas the highest percent
decrease was recorded in RBO+SO0(70:30) and RBO+GO(80:20) i.e., 29.0 and 33.0 percent respectively after
first frying. After second frying, again RBO+OO showed the lowest percent decrease in the SV i.e., 32.7 and
23.7 percent whereas the highest percent decrease in SV was observed in RBO+SOO(70:30) and
RBO+GO0(80:20) i.e., 41.3 and 48.2 percent respectively. In contrast, after third frying, RBO+GO showed the
least percent decrease in the SV i.e., 55.9 and 66.9 in the ratio of 70:30 and 80:20 respectively. Overall,
RBO+00 in the both ratios showed the lowest percent decrease in the SV up to third frying.

IV.  Discussion

Results of the study revealed that product prepared in RBO blends showed an increase in the fat
absorption after second frying. This was consistent with findings from previous studies showing that the
amounts of polymers increased with an increase in the number of fryings and the frying temperature. These
polymers cause higher oil absorption of foods [17]. After third frying, the highest absorption of RBO+SO and
the lowest absorption of RBO+GO in hoth ratios could be due to the presence of linoleic acid and oleic acid
respectively. The oil rich in linoleic acid is more easily polymerized during deep-fat frying than the oil rich in
oleic acid [18]. Smoke point of all RBO blends was 200°C and above except RBO+SO and RBO+PO. This
meets the standard requirement for frying oils which should have a smoke point above 200°C [22]; an indication
that these vegetable oils are suitable for frying purposes. After second and third frying, a significant (p<0.05)
decline was observed in the smoke point of all blended oils of both ratios. This could be due to the presence of
minor components especially FFA. FFA have a direct lowering effect on the smoke point [25].

According to the opinion of the Working Group of Regional Food Chemistry Experts and the German
Federal Public Health Department of 1991, the smoke point of a cooking oil must be at least 170 °C and must
not differ from the temperature of the fresh oil by more than 50 °C so that the oil can still be classified as usable.
The findings of the present study were in line with this statement as all the RBO blends except RBO+PO had an
appropriate smoke point (=170 °C) up to third frying in the both ratios. In terms of viscosity, the highest percent
increase was showed by RBO+SO. These increases were evidence of the thermal effect, the formation of
polymeric compounds and a tendency toward foaming during frying periods [26]. Previous studies have also
reported that polymers accelerate further degradation of the oil and increase the oil viscosity [27].

In terms of chemical parameters, there was a steady increase in PV of RBO blends during frying, but
this increase was seen to be the least. After each frying, PV of all blends were in agreement with the maximum
Codex standard PV (10 meq O,/Kg) for vegetable oil deterioration. The nutritional contribution of the three
minor components of tocopherol, tocotrienols and y-oryzanol in rice bran oil blends may have conferred this
greater oxidative stability [28]. The highest and the lowest percent increase in PV was shown by RBO+OO and
RBO+PO respectively. Similar changes in PVs of oils were reported in previous deep -fat frying studies [29,30].
By comparing both ratios, it was found that RBO+SO and RBO+PO had maximum and minimum [V
respectively. The greater the degree of unsaturation (or high 1V), the more rapid the oil tends to be oxidized,
particularly during deep-fat frying [31]. The highest and the lowest percent decrease in the IV was also recorded
in RBO+SO and RBO+PO respectively after third frying in the both ratios. Rastogi et al [32] also reported a
significant decrease in 1V of cooking oils after deep —frying. Although the highest percent decrease in 1V was
shown by RBO+SO, the protective role of the natural antioxidants induced by the presence of rice bran oil (i.e.,
Oryzanol, tocopherols) resulted in a smaller decrease in the double bonds [10].

All RBO blends presented in this study had acceptable AV after frying as per Codex Standard [33] (0.6
mg KOH/g). Amongst all RBO blends, RBO+PO showed the lowest percent increase in the AV after third
frying in the both ratios. As discussed above, the percentage of FFA was found to be the lowest in RBO+0OO
(70:30) and RBO+ SOO (80:20) and the highest percentage of FFA was found in RBO+PO (70:30) at fresh
conditions. But after frying, RBO+PO showed the lowest percent increase in FFA formation. The percent
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changes in the FFA formation in the RBO blends were similar to the percent changes in the AV after fryings.
The significant increase (p<0.05) in free fatty AV may be due to the presence of an active lipase in rice bran,
which upon milling is activated and quickly begins to hydrolyze triglycerides into FFA [34]. Similar increase in
free fatty acid formation after deep- fat frying was also reported by Serjouie et al. [30]. A significant decrease
(p<0.05) in SV of all RBO blends was observed after frying. Onigbogi & Sowunmi [35] also observed a
significant decrease in SV of oils after deep-fat frying. A consistent lowest percent decrease in the SV was
shown by RBO+00O in the both ratios up to third frying.

V.  Conclusion

The quality and properties of the oils and blends were evaluated through this study using different
parameters. It was concluded that minimum absorption of RBO+GO (both ratios) was found in the product
prepared using deep frying. By comparing all the RBO blends in terms of repeated frying process and changes
in physical and chemical parameters, RBO+PO in both ratios was found to be the most stable frying medium up
to third frying. Significant (p<0.05) changes were observed in physical as well as chemical parameters of all
RBO blends during deep- fat frying but values of all the parameters were within the suggested ranges. This
could be due to the nutritional characteristics of rice bran oil. So, this study will help the oil producing industry
to find the most economically viable oil blends for cooking purposes, with maximum nutrition as well as
desirable physicochemical properties. As India is the second largest producer of RBO, blending of traditional
oils with this nonconventional oil is a good choice by which we can manufacture edible oils of good
characteristics and ensure their quality. The food value of the oils and blends can also be predetermined to
provide the safest food for consumers.
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Table 1. Changes in fat absorption (%) of rice bran oil blends during deep-fat frying
Ratio 70:30
Blend Frying CcD*
| 1 11

RBO+00 6.00£0.44 9.57+£0.32 5.88+0.26 1.52

RBO+GO 4.30+0.45 7.00£0.39 6.74+0.20 1.42

RBO+SO0O 8.50£0.39 9.78+0.36 3.61+0.44 0.72

RBO+SO 7.40£0.57 9.67+£0.44 10.80+0.25 1.32

RBO+MO 8.00£0.25 7.61£0.21 7.20£0.32 0.48

RBO+PO 10.00£0.26 8.89+0.35 7.32£0.44 111

CcD* 1.35 1.25 1.34 -

Ratio 80:20

RBO+00 6.20£0.41 10.4+0.29 5.231£0.23 1.32

RBO+GO 4.90+0.42 7.42+0.36 6.02+£0.17 1.52

RBO+S0O0O 8.89+0.36 9.931£0.33 4.02+0.41 1.62

RBO+SO 7.64+0.54 9.89+£0.41 10.71+0.23 141

RBO+MO 8.42+0.22 7.78+£0.18 7.42+0.29 1.22

RBO+PO 10.63x0.23 8.76+0.32 7.63£0.41 145

CcD* 1.25 1.35 143 -

Values are expressed as mean +SE, *=Significant at 5%
RBO rice bran oil, OO olive oil, GO groundnut oil, SOO soybean oil, SO sunflower oil, MO mustard oil, PO
palm-olein oil

Table 2. Changes in physical parameters of rice bran oil blends during deep-fat frying

Smoke point (°C)

Ratio 70:30
Blend Frying CcD* Percent change after frying

| 11 1 | 1 ]|
RBO+00 200+0.54 182+0.27 170+0.23 1.63 0 9.0 15.0
RBO+GO 204+0.34 194+0.28 182+0.16 1.48 0 49 10.8
RBO+S0O0 202+0.65 186+0.56 180+0.54 2.30 0 7.9 10.9
RBO+SO 190+0.43 176+0.55 170+0.37 1.88 0 7.4 10.5
RBO+MO 200+0.28 188+0.63 172+0.54 1.88 0 6.0 14.0
RBO+PO 184+0.28 170+0.27 166+0.54 1.63 0 7.6 9.8
CcD* 1.57 1.77 1.50 - - - -
Ratio 80:20
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RBO+00
RBO+GO
RBO+SO0
RBO+SO
RBO+MO
RBO+PO
Ccb*

200+0.52
202+0.32
200+0.63
188+0.41
200+0.26
180+0.26
1.02

Frying temperature (°C)

Ratio 70:30

Blend

RBO+00
RBO+GO
RBO+S0O0
RBO+SO
RBO+MO
RBO+PO
CcD*

Ratio 80:20

RBO+00
RBO+GO
RBO+S0O0
RBO+SO
RBO+MO
RBO+PO
CcD*

|
175+0.67
170+0.45
182+0.39
168+0.57
174+0.25
178+0.26
1.87

177 +0.64
174 +0.42
185+0.36
169+0.54
177+0.22
180+0.23
1.32

186+0.25
190+0.26
184+0.54
174+0.53
182+0.61
174+0.25
1.77

Frying
1
183+0.32
178+0.39
190+0.36
176+0.33
180+0.21
188+0.35
0.83

186+0.29
179+0.36
189+0.33
176+0.30
184+0.18
186+0.32
1.22

174+0.21
178+0.14
176+0.52
169+0.35
174+0.52
160+0.52
0.93

i
188+0.26
185+0.20
188+0.67
185+0.25
186+0.32
192+0.33

111

189+0.23
186+0.17
189+0.64
189+0.23
189+0.29
195+0.64
1.57

1.48
1.48
1.48
1.33
0.95
1.88

CD*

1.48
1.32
1.49
1.63
1.28
1.18

1.63
0.93
1.88
1.33
1.48
1.99

O O O o oo

OO OO0 O —

O OO o oo

7.0
5.9
8.0
7.4
9.0
3.3

13.0
11.9
12.0
10.1
13.0
111

Percent change after frying

1
4.4
4.5
4.2
4.5
3.3
53

4.8
2.8
2.1
4.0
3.8
3.2

i
6.9
8.1
3.2
9.2
6.5
7.3

6.3
6.5
2.1
10.6
6.3
7.7

Values are expressed as mean +SE, *=Significant at 5%
RBO rice bran oil, OO olive oil, GO groundnut oil, SOO soybean oil, SO sunflower oil, MO mustard oil, PO

palm-olein oil

Table 3. Changes in viscosity (CST) of rice bran oil blends during deep-fat frying

Ratio 70:30
Blend Fresh Frying cD* Percent change after frying
| 1 11 | 1 11
RBO+00 40+0.31 41+0.34 42.5+0.32 44+0.36 0.61 25 6.3 10.0
RBO+GO 39+0.24 40+0.18 42.5+0.26 45+0.32 0.47 2.6 9.0 15.4
RBO+S0O0 35+0.37 36+0.41 37.5+0.24 41+0.32 0.61 2.9 7.1 171
RBO+SO 32+0.02 33+0.25 35+0.32 39+0.28 0.48 3.1 9.4 21.9
RBO+MO 37+0.32 39+0.33 42+0.30 43.5+0.30 0.59 5.4 135 17.6
RBO+PO 38+0.03 40+0.32 41+0.29 44+0.30 0.49 5.3 7.9 15.8
cD* 0.44 0.53 0.54 0.54 - - - -
Ratio 80:20
RBO+00 41+0.29 42+40.15 44+0.21 45+0.31 0.45 2.4 7.3 9.8
RBO+GO 40+0.24 41+0.31 43+0.31 44+0.15 0.48 2.5 7.5 10.0
RBO+S00 36+0.10 37+0.10 39+0.22 41+0.22 0.30 2.8 8.3 13.9
RBO+SO 31+0.22 33+0.10 36+0.11 38+0.10 0.25 6.5 16.1 22.6
RBO+MO 38+0.31 40+0.31 42+0.07 43.5+0.15 0.44 5.3 10.5 145
RBO+PO 39+0.18 41+0.06 42.5+0.12 44+0.15 0.25 5.1 9.0 12.8
CcD* 0.41 0.35 0.33 0.33 - - - -

Values are expressed as mean +SE, °*=Significant at 5%
RBO rice bran oil, OO olive oil, GO groundnut oil, SOO soybean oil, SO sunflower oil, MO mustard oil, PO

palm-olein oil
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Table 4. Changes in peroxide and iodine value of rice bran oil blends during deep-fat frying

Peroxide value (meqg/Kg)

Ratio 70:30
Blend Fresh Frying CD*®*  Percent change after frying
| 1 11 1 1 1l
RBO+00 0.53+0.07 1.13+0.05 2.33+0.06 2.93+0.07 0.60 53.1 77.3 81.9
RBO+GO 1.53+0.07 2.40+0.00 2.93+0.07 3.47+0.13 0.46 36.3 47.8 55.9
RBO+S0O0 1.40+0.00 1.73+0.07 3.53+0.07 6.13+0.07 0.32 19.1 60.3 77.2
RBO+SO 0.93+0.07 1.60+0.00 3.13+0.07 6.47+0.13 0.45 41.9 70.3 85.6
RBO+MO 1.73+0.07 2.13+0.07 4.53+0.07 5.80+0.00 0.35 18.8 61.8 70.2
RBO+PO 1.47+0.07 1.80+0.00 2.13+0.07 5.73+0.07 0.36 18.3 31.0 74.3
CcD* 0.54 0.34 0.35 0.38 - - - -
Ratio 80:20
RBO+00 0.33+0.07 0.93+0.07 1.80+0.00 2.53+0.07 0.69 64.5 81.7 87.0
RBO+GO 1.13+0.07 1.73+0.02 2.53+0.06 3.13+0.07 0.46 34.7 55.3 63.9
RBO+S0O0 1.38+0.06 1.53+0.04 2.73+0.07 4.87+0.13 0.52 9.8 49.5 71.7
RBO+SO 0.73+0.03 1.33+0.05 2.73+0.07 4.73+0.09 0.52 45.1 73.3 84.6
RBO+MO 1.33+0.06 1.73+0.08 3.93+0.07 5.13+0.06 0.42 23.1 66.2 74.1
RBO+PO 1.10+0.08 1.33+0.07 1.73+0.07 4.40+0.00 0.47 17.3 36.4 75.0
CD°* 0.69 0.51 0.34 0.34 - - - -

lodine value (g)

Ratio 70:30
Blend Fresh Frying CD*®*  Percent change after frying
| 1 11 | ] i
RBO+00 114.6+0.08 113.7+0.31 112.1+0.16 110.2£0.09  0.43 0.8 2.2 3.8
RBO+GO 113.4+0.08 109.6+0.08 108.4+0.09 106.1+0.34  0.40 34 4.4 6.4
RBO+SO0 112.5+0.00 111.3+0.08 109.6+0.16 108.4+0.09  0.22 11 2.6 3.6
RBO+SO 117.0+0.08 110.1+0.08 107.0+0.09 104.5£0.09  0.29 5.9 8.5 10.7
RBO+MO 115.1+0.08 111.6+0.09 109.4+0.16 107.0£0.09  0.25 3.0 5.0 7.0
RBO+PO 107.3+0.09 105.6+0.09 104.3+0.09 104.4+0.29  0.23 1.6 2.8 2.7
CD°* 0.22 0.33 0.28 0.34 - - - -
Ratio 80:20
RBO+00 115.2+0.08 108.4+0.08 105.7+0.25 104.2+0.16  0.36 5.9 8.2 9.5
RBO+GO 113.2+0.16 111.3+0.00 109.6+0.08 106.5+0.08  0.23 1.7 3.2 5.9
RBO+SO0 115.7+0.08 112.4+0.09 110.2+0.16 108.8+0.08  0.24 2.9 4.8 6.0
RBO+SO 118.9+0.16 115.8+0.08 110.2+0.00 106.5+0.05  0.28 2.6 7.3 10.4
RBO+MO 114.7+0.08 114.2+0.08 110.9+0.16 107.8+0.08  0.26 0.4 3.3 6.0
RBO+PO 107.0+0.08 105.6+0.09 100.7+0.34 102.2+0.09  0.36 1.3 5.9 4.5
CcD* 0.29 0.16 0.39 0.20 - - - -

Values are expressed as mean +SE, °=Significant at 5%
RBO rice bran oil, OO olive oil, GO groundnut oil, SOO soybean oil, SO sunflower oil, MO mustard oil, PO
palm-olein oil
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Table 5. Changes in acid value and free fatty acids of rice bran oil blends during deep-fat frying

Acid value (mg KOH/qg)

Ratio 70:30

Blend Fresh
RBO+00 0.19+0.05
RBO+GO 0.37+0.05
RBO+SO0O 0.22+0.00
RBO+SO 0.23+0.05
RBO+MO 0.28+0.00
RBO+PO 0.42+0.00
CcD* 0.60
Ratio 80:20

RBO+00 0.28+0.00
RBO+GO 0.23+0.05
RBO+SO0 0.19+0.05
RBO+SO 0.28+0.00
RBO+MO 0.24+0.08
RBO+PO 0.37+0.05
cD* 0.87
Free fatty acids (%)

Ratio 70:30

Blend Fresh
RBO+00 0.09+0.02
RBO+GO 0.19+0.02
RBO+S0O0 0.11+0.00
RBO+SO 0.12+0.02
RBO+MO 0.14+0.00
RBO+PO 0.21+0.00
CcD* 0.28
Ratio 80:20

RBO+00 0.14+0.00
RBO+GO 0.12+0.02
RBO+S0O0 0.09+0.02
RBO+SO 0.14+0.00
RBO+MO 0.12+0.05
RBO+PO 0.19+0.02
cD* 0.54

[
0.37+0.05
0.65£0.05
0.37+0.05
0.28+0.00
0.51+0.05
0.42+0.14
0.57

0.51+0.05
0.42+0.05
0.61+0.05
0.47+0.09
0.37+0.05
0.56+0.00
0.77

|
0.19+0.02
0.33+0.02
0.19+0.02
0.14+0.00
0.26+0.02
0.21+0.04
0.62

0.26+0.02
0.21+0.00
0.31+0.04
0.24+0.05
0.19+0.04
0.28+0.00
0.67

Frying

I
0.42£0.00
0.560.08
0.65:0.05
0.28+0.00
0.33:0.09
0.42+0.00
0.79

0.42+0.00
0.23+0.05
0.42+0.00
0.33+0.09
0.61+0.05
0.47+0.09
0.94

Frying
1

0.21+0.00
0.28+0.04
0.33+0.02
0.14+0.00
0.16+0.08
0.21+0.00

0.46

0.21+0.00
0.12+0.02
0.21+0.00
0.16+0.05
0.31+0.04
0.24+0.02
0.54

i
0.51+0.05
0.37+0.05
0.47+0.09
0.37£0.05
0.65+0.05
0.56+0.00

0.79

0.61+0.05
0.58+0.05
0.56+0.09
0.61+0.05
0.56+0.00
0.33+0.09
0.78

i
0.26+0.02
0.19+0.02
0.24+0.05
0.19+0.02
0.33+0.02
0.28+0.00

0.52

0.31+0.02
0.29+0.02
0.28+0.02
0.31+0.02
0.28+0.00
0.16+0.05
0.45

CD*

0.68

0.78
0.58
0.64
0.95
0.79

0.41
0.73
0.62
0.58
0.87
0.65

0.38
0.55
0.46
0.58
0.53
0.64

0.29
0.32
0.32
0.68
0.50
0.45

Percent change after frying

|
48.6
43.1
40.5
17.9
45.1
0.0

45.1
45.2
68.9
40.4
35.1
33.9

|
54.8
33.9
66.2
17.9
15.2
0.0

33.3
0.0
54.8
15.2
60.7
21.3

i
62.7
0.0
53.2
37.8
56.9
25.0

541
60.3
66.1
541
57.1
121

Percent change after frying

|
52.6
424
421
14.3
46.2
0.0

46.2
429
71.0
41.7
36.8
32.1

]
57.1
32.1
66.7
14.3
12.5

0.0

33.3
0.0
57.1
12.5
61.3
20.8

i
65.4
0.0
54.2
36.8
57.6
25.0

54.8
58.6
67.9
54.8
57.1
18.8

Values are expressed as mean +SE, *=Significant at 5%
RBO rice bran oil, OO olive oil, GO groundnut oil, SOO soybean oil, SO sunflower oil, MO mustard oil, PO

palm-olein oil
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Table 6. Changes in saponification value of rice bran oil blends during deep-fat frying

Saponification value (mg KOH/qg)

Ratio 70:30
Blend

RBO+00

RBO+GO
RBO+SO0
RBO+SO
RBO+MO
RBO+PO
CcD*

Ratio 80:20

RBO+00
RBO+GO
RBO+S0O0
RBO+SO
RBO+MO
RBO+PO
CcD*

Fresh

188.5+0.94

194.1+1.86
184.1+0.94
210.9+0.93
224.0+0.00
329.5+0.94
3.32

177.3+0.93
190.9+0.93
174.5+0.93
192.3+1.86
199.7+0.94
285.6+0.00
3.32

[
158.7+1.86
164.3+0.94
130.7+1.86
161.5+1.86
173.6+0.00
253.9+0.93
4.39

167.1+0.93
127.9+1.86
138.1+0.94
158.7+0.94
161.5+0.93
241.7+3.73
5.75

Frying
1

126.9+0.94
113.9+0.94
88.7+1.86
131.6+1.20
115.7+1.86
197.9+1.86

8.55

135.3+0.94
98.9+0.93
110.1+0.93
113.9+0.93
108.3+0.94
167.13+1.86
3.52

i
109.2+1.61
85.9+0.94
65.3:0.92
104.5+0.94
100.8+2.80
133.5+0.93
4.69

110.1+1.86
82.1+0.94
76.5+1.86
85.9+0.93
74.7+0.15
108.3+1.86
12.53

CcD*

4.56

4.02
4.81
10.21
5.49
4.03

4.03
4.02
4.34
4.03
15.45
7.46

Percent change after frying

|
15.8
15.4
29.0
234
225
22.9

5.8
33.0
20.9
17.5
19.1
15.4

|
32.7
41.3
51.8
37.6
48.3
39.9

23.7
48.2
36.9
40.8
45.8
41.5

i
42.1
55.7
64.5
50.5
55.0
59.5

37.9
57.0
56.2
55.3
62.6
62.1

Values are expressed as mean +SE, °=Significant at 5%
RBO rice bran oil, OO olive oil, GO groundnut oil, SOO soybean oil, SO sunflower oil, MO mustard oil, PO

palm-olein oil
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