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ABSTRACT An attempt was made to prepare oil blends witA:3FJFA:PUFA ratios very close to the recommended

ratio by admixing oils with different fatty acid composition, in the ratios of 80:20 and 20:80 because of its
important health benefits and the possibility of developing nutritionally superior oils with recommended fatty acid
ratios and their effect during storage in rice bran and mustard based blends with sesame oil as control, was studied.
These blends were stored for 12 months and their physico-chemical changes and fatty acid composition were
studied every month till the end of the storage period. Significant changes (p<0.005) were observed. Slight
variations of increase in saturated fats and decrease in unsaturated fats were seen over time. Fatty acid composition
and changes during storage of control indicated that control was efficient in C-18:3. During storage there is a
gradual increase in C-16:0 from 10.03 to 11.89, C-18:0 from 5.26 to 5.86, and a gradual decrease in C-18:1 from
37.94 to 33.05, C-18:2 from 46.74 to 44. The principal fatty acid seen in sesame-rice bran blends were C-18:1 at
a level of 45.65 and 38.35 followed by C-18:2, 29.66 and 39.16 and C-16:0 at a level of 16.54 and 13.35
respectively while C-18:0 was present in low quantities and C-18:3 was found to be negligible. The major fatty acids
seen in sesame-cottonseed blends were C-18:2 at 43.82 and 37.95 followed by C-18:1 at 38.55 and 40.77 and C-
16:0 at 11.8 and 17.58 respectively for the blends of 80:20 and 20:80. Lesser quantities of C-18:0 of 4.45 and 2.44
and C-18:3 of 0.68 and 0.77 were also observed.

INTRODUCTION The oils can be blended even to derive the pro-
tective advantage due to the presence of spe-
For many years, modification of original fats cific ingredients that offer protection against oxi-
by means of direct blending with other fats, frac-dation to improve frying recyclability fliwal et
tionation, hydrogenation and inter-esterification al. 2005).
has been attempted to improve the fat func- Several studies have been carried out on elu-
tionalities and thus optimize their application in cidating the physical and chemical properties of
food products. Of the modification techniques, oil blends involving antioxidant properties of
direct blending of fats is the method of choice assesame oil which provides high levels of antioxi-
it has been considered to be a cheap and nomfants and lignins. Because of this, sesame oil is
destructive technique. The technique has beestable, and when mixed with other oils, actually
used to modify the suitability of several under- increases the stability of the blend (Nirmala et al.
utlised fats and oils (N@ini and Sabariah 2005 1996 and Shankar et al. 2003). Rice bran is con-
and Nor Hayati et al. 2002). There are basicallysidered to be an important edible oil due to the
three parameters to adjudge any oil as the healthpresence of high percentage of unsaturated fatty
est cooking oil that is, ratio of saturated / monoacids and certain nutritionally and medicinally
unsaturated / polyunsaturated fatty acid, ratioomportant minor constituents such as toco-
of essential fatty acids (Omega 6/ Omega 3) anghherols, tocotrienols, sterols, oryzanol &ak-
presence of natural antioxidants (White 2000).ing advantage of the valuable fact that micronu-
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tent as isomers and absence of conjugated doub{®athur 1983), Peroxide value (AOCS 1973). Free
bonds in mustard are another important criteriaFattyAcids (AOCS 1990), Para - anisidine value
for establishing their stability upon deep frying. (IUPAC 1987), Totox value (Akoh and Min 1998),
Taking advantage of this propertgustard was Thio barbituric acid value (BSI 2000), Kreis test
chosen to be blended with sesame oil. (Toteja 1990) and Fatty acid analysis wherein the

Oxidative stability of oil can be improved by methyl esters of fatty acids were separated and
modification of fatty acid composition flum  determined quantitatively by gas chromato-
and Chow 2000). Fatty acid composition andgraphy (AOCS 1990). The data was tabulated
functional properties of oils can be modified by and subjected to two way analysis of variance
hydrogenation, inter-esterification, genetic modi- (ANOVA), tests of significance, means and stan-
fication, and blending of different oils. Blending dard deviation.
of oils modifies fatty acid composition without
any chemical or biological process (Liu and RESULTS AND DISCUSSION
White 1992).

The properties of the related blends have noPhysical Characteristics
yet been investigated and reported in detail, and
it is essential to understand the physical proper- Specific gravityrefractive index and lovibond
ties in the function of the chemical composition colour units measured physical characteristics
of the blends in order to better predict their func-of the oils and their blends. Results of the study
tionality in more complex food systems (Nor are reported iffable 1A steady increase in spe-
Hayati et al. 2009). Therefore, this study was car<ific gravity was observed in the control and the
ried out to determine the physico-chemical char-blends. The specific gravity of fresh sesame oil
acteristics of rice bran oil , mustard oil blendswas 0.922 units and the specific gravity of oil
with sesame oil in terms of fatty acid composi- blends ranged from 0.854 units in sesame-mus-
tion, specific gravity (30°C), refractive index, tard (80:20) to 1.19 units for a period of one year
lovibond colour (Y+5R), peroxide value (meg/kg), It was observed that sesame-mustard blends were
free fatty acids ( percent oleic acid), paraanisidinesignificantly different from control throughout
value (RV), totox value, (TV), thiobarbituric acid the analytical period and sesame- rice bran (80:20)
value (TBA), kreis test, free fatty acid valuefFF  was only different in the first month of analysis

iodine value (1V). though clearly an increasing trend in specific
gravity on storage was seen. The rise in the spe-
MATERIALS AND METHODS cific gravity observed in the study may be attrib-
uted to the formation of polymeric fractions of
Materials high molecular weight.

The refractive index of a substance varies with

All oils were available locally and were pur- the wavelength of light used in its measurements
chased in bulk from the Oil Millersssociation  as seen ifiable 1. No significant diérences were
of Hyderabad, India. Sesame oil has been usedbserved during storage for refractive index of
as control and rice bran oil and mustard oil wereoil blends up to 12 months and it ranged from
used as experimental oils. Sesame oil was blendetl 465 to 1.63 units in the oil blends which were
with rice bran, and mustard in the ratios of 80:20however seen to be significantly different from
and 20:80 in the laboratory using a blender cuntontrol. Unlike the present studylurthi et al.
mixer and stored in PET bottles at room tempera{1987) analysed the refractive index only at the

ture. initial stage, whereas (Premavalli et al. (1998),
Madhura andrya (1998), Agarwal et al. (2000),
Analysis Semwal andArya (2001), Padmavathy et al.

(2001), reported the changes in refractive index
All individual blends were analysed in tripli- on storage which did not change significantly
cates for their physico-chemical parameters ini-during the entire period of storage at lower tem-
tially and therein every month for 12 months. peratures, but increases were higher at high tem-
Analysis was done using standardized methodgeratures. The data on refractive index showed a
for specific gravityrefractive index, iodine val-  consistency without any change, which reflected
ue (Raghuramulu et al. 2003), Lovibond colourthe stability of the oil blend.
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Table 1: Changes in the specific gravityrefractive index, and lovibond colourvalue of the chosen
oil blends during storage

Parameter Sample Ratio Storage period-months
0 3 6 9 12

Specific Control 100 0.922+0.001 1.018%0.035 1.05 #0.035 1.135+0.029 1.162+0.036
Gravity

Sesame- 80:20 0.901 0.001* 1.002+0.025 1.04 +0.035 1.155+.0251 1.19 +0.0368
Rice bran
20:80 0.922+0.0018 1.025+0.030 1.05 #0.030 1.149+0.035 1.18 +0.0368
Sesame- 80:20 0.8540.0025* 0.9080.0003*1.090.0007* 1.1280.0005* 1.18 +£0.0007*
Mustard
20:80 0.896+0.0021*1.02 +0.0005* 1.19 +0.0063* 1.12 +0.0007* 1.19 +£0.0006*
Refractive Control 100 1.4650.0002 1.465+0.0001 1.465+0.00009.465+0.0001 1.465+0.0001
Index
Sesame- 80:20 1.460.0001* 1.46 +0.00005%1.46+0.00004*.46 £0.00005*1.46+0.00005*
Rice bran
20:80 1.46 +0.0002* 1.46+0.0001* 1.46%0.0002*1.46 +0.0001* 1.46+0.00009*
Sesame- 80:20 1.35 #0.106* 1.45+0.0056* 1.46+0.0007 1.47 +£0.0005* 1.63+0.0009*
Mustard
20:80 1.44 +£0.0675* 1.47 +0.0007*1.48+0.0014* 1.50 +0.0007* 1.52+0.0228*
Lovibond Control 100 15.26 +0.305102.3 +0.300010.8 +0.3 115.18 +0.236 116.35+0.312
Colour \alue
Sesame- 80:20 12.56 0.152104.70.246* 108.780.24* 110.3 #0.3 112.7 +0.2*
Rice bran
20:80 12.53 +0.351* 80.70 +£0.200*87.76+0.305* 90.2 0.2 92.3 +.0.300*
Sesame- 80:20 15.530.305* 103.430.152* 110.430.907* 114.950.589*116.15+0.653*
Mustard
20:80 12.63 +0.378* 80.46 +0.585*87.36+0.945* 90.00+0.529* 92.10 0.634*

Mean+S.D
*Significant at 5% level.

Pure fats and fatty acids are colourless and2005) who studied the effect of storage on
devoid of spectral properties in the visible range.lovibond colour units on rice bran oil at two dif-
However all natural fats and oils contain pig- ferent temperatures for nine months.
ments, which have more or less characteristic
absorption patterns. In the past, oils have al-<Chemical Characteristics
most invariably been graded for colour by visual
comparision with such standards as the Chemical changes in oils were measured by
Lovibond red and yellow glasses (Gupta 2005).peroxide value, free fatty acid value, para-ani-
The changes in the lovibond colour value of se-sidine value, totox value, thiobarbituric acid val-
lected oil blends during storage are presented inie, kreis test, and iodine value.

Table 1.The change in the colour in control was

seen to be from 15.26 to 116.35 units from thePeroxide Value (PV)

initial to the final 12 months of storagél the ol

blends showed an increase in colour as the stor- Storage changes in vegetable oil blends were
age period increased, ranging from 12.53 and 116.tneasured by the peroxide formation, the final
units and were seen to be significantly differentproducts of oxidation. The changes in the perox-
from control. The intensity of the colour was seenide values of selected oil blends during storage
to be lighter in rice bran-sesame (20:80), prob-are seen ifable 2. P\of oil blends and control
ably because of its refined state and were seestored for 12 months registered a progressive
to have lower lovibond colour values of 92.3 increase with the storage period. Steady increase
units. The colour of sesame was deep yellowin the blends according to the extent of oxidation
and that of rice bran, a lighter yellovarkening  caused by the formation of hydro peroxides dur-
of the colour may be attributed to several factorsing fat oxidation was observed. It was observed
such as storage conditions, condition of steril-that the increase in PV of control was from 1.83
ization, and oxidative effects during storage. Simi-meq/kg to 14.79 meq/kg during the 12 months of
lar observations were made by Sundararaj et aktorage.
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Table 2: Monthly changes
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in the peoxide value (meqg/kg) of oil blends during storage

Month Control Sesame: rice bran Sesame:Mustard
100 80:20 20:80 80:20 20:80

0 1.83+0.0088 3.65+£0.0045* 3.68+0.0020* 7.48+0.055* 5.86+0.050*
1 6.20+0.0896 5.99+0.1625 5.91+0.1800* 8.01+£0.025* 6.65+0.540*
2 8.14+0.1563 8.08+0.1625 7.42+0.0896* 10.37+0.05* 7.21+£0.04*
3 9.50+0.1625 9.07+0.0896* 8.13+0.1001* 12.88+0.05* 9.87+0.05*
4 10.37+0.0896 10.03+0.1625* 9.75+0.1800* 14.32+0.05* 11.87+0.05*
5 10.82+0.1625 10.64+0.0750 9.96+0.0896* 15.29+0.06* 12.68+0.04*
6 11.49+0.1620 11.04+0.1819* 10.94+0.100* 16.26+0.03* 14.72+0.05*
7 12.14+0.0350 11.80+0.0971* 11.7 +£0.1338* 17.03+0.02* 14.11+0.04*
8 12.92+0.0890 11.94+0.1625 11.99+0.180 19.31+0.04* 15.22+0.05*
9 13.64+0.1800 13.08+0.0896* 12.78+0.162* 19.88+0.05* 16.72+0.05*
10 13.93+0.0890 13.59+0.1625* 13.13+0.180* 20.41+0.05* 17.81+0.04*
11 14.34+0.0960 14.21+0.2433 13.67+£0.112* 22.19+0.05* 18.22+0.06*
12 14.79+0.1560 14.74+0.1625 13.91+£0.089* 25.70+0.09* 19.91+0.04*

Mean+S.D
*Significant at 5% level.

The initial PV was seen to be higher in thetritional contribution of the three minor compo-
blends in comparison to the control between Onents of tocopherol, tocotrienols and g-oryzanol
month to 12 months of storage, showing the oxy-n rice bran oil blends may have conferred this
gen uptake by the oil in the blends studied. How-greater oxidative stability
ever the increase in PWas seen to be the high-
est in sesame-mustard (80:20) which increaseéara-anisidine Value (PAV)
before from 7.4 8 meqg/kg to 25.70 meqg/kg fol-
lowed by sesame-mustard (20:80) from 5.86 meg/ The formation of secondary oxidation prod-
kg to 19.91 meqg/kahlthough peroxides are pos- ucts under storage conditions every month was
sibly not directly responsible for the taste anddetermined by &/ and ispresented in table 3.
odour of rancid fats, their concentration as rep-The blended oils were compared for the\P
resented by the PV is often useful in assessingvith control during storage. The value for fresh
the extent to which the rancidity has advancedsesame oil (control) was 1.04 units and after one
Fresh oils usually have peroxide values below 10month. After 10 months, the &/ increased
meg/kg, and a rancid taste often begins to belightly to 1.28, thereafter 1.46 and 1.63 units.
noticeable when the P¥ above 20 meg/kg (RF  The same trend was seen in the blends. It was
2005). Though there is a progressive increase iseen that sesame-rice bran (20:80) had a very
PV upto 12 months of storage it did not exceedhigh AV of 4.67 units, which rose to 5.56 units
the limits specified by P&in most of the blends  after 12 months of storage. This high initial value
except sesame-mustard (80:20), which has exeould be attributed to higher storag@ues of
ceeded by 11 months of storage. the bran, though there aren’t any specifications

Among the 4 blends sesame-rice bran (20:80)n regard to BV in Bureau of Indian tandards
had the lowest mean PV (3.68 -13.91 meqg/kg.)or Prevention of Foodldulteration act for either
with a significant difference from control after a single or blended oils.
period of 12 months. Contradictorilyurthi et The initial AV of sesame-mustard (80:20) was
al. (1987) reported the changes in the PV of edseen to be 1.86 units and for sesame-mustard
ible oils stored at room temperature were not regu¢20:80) is 1.32 and the increase after a storage
lar, and Schnepf (1991) reported the changes tperiod of 12 months was seen to be 3.13 and 2.23
be slow but consistent throughout the 20 weekunits respectivelyThe usefulness of the\? in
(5 month) studyThe rate of degradation of hy- predicting the quality of oils remains a matter of
dro peroxides was seen to be higher than contralebateTypically the RV will increase as alde-
in case of the sesame-mustard blends. There wdydes are produced and then decrease when the
a steady increase in PV of sesame-rice bran o#ldehydes reach a certain level and subsequently
blends during storage, but this increase was seeare further oxidized or participate in dimerization
to be the least in comparison to control. The nu-or condensation reactions (Schnepf 1991).
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Table 3: Monthly changes in the para-anisidine value of oil blends during storage

Month Control Sesame:Rice bran Sesame:Mustard

100 80:20 20:80 80:20 20:80
0 1.04+£0.0165 1.16+0.005* 4.67+0.016* 1.86+0.011* 1.32+0.06*
1 1.04+0.0188 1.17+0.051 4.67+0.039* 2.03+0.02* 1.47+0.05*
2 1.05+£0.0173 1.17+£0.248* 4.67+0.018* 2.21+£0.04* 1.72+£0.04*
3 1.05+0.025 1.18+0.018* 4.67+0.005* 2.34+0.004* 1.77+0.004*
4 1.07+£0.018 1.18+0.024 4.67+0.039* 2.42+0.006* 1.82+0.055*
5 1.07+ 0.024 1.19+0.008* 4.72+0.018* 2.58+0.005* 1.85+0.005*
6 1.08+0.024 1.19+0.032* 4.74+0.005* 2.56+£0.11* 1.92+0.004*
7 1.09+£0.056 1.20+£0.082* 4.74+0.202* 2.64+0.05* 1.94+0.34*
8 1.09+0.018 1.20+0.024 4.74+£0.039 2.75+0.012* 1.96+0.005*
9 1.15+£0.039 1.20+£0.018* 4.74+0.024* 2.79+£0.004* 2.06+£0.005*
10 1.28+0.018 1.25+0.024* 4.92+0.039* 2.94+0.005* 2.18+0.004*
11 1.46+£0.012 1.32+£0.049* 5.28+0.021* 3.04+0.005* 2.18+£0.005*
12 1.63+£0.017 1.44+0.024* 5.56+0.018* 3.13+0.005* 2.23+£0.06*
MeanzS.D

*Significant at 5% level.
Totox Value (TV) (80:20) from 8.46 to 30.92 units and the highest
increase was seen in sesame-mustard(80:20) from
Similarly changes in P¥ind RV, TV showed  16.83 units to 54.54 units. The other two blends
significant concomitant rise during the entire stor-of rice bran and mustard showed intermediate
age periodTotal oxidation value, the so called values.
Totox value, calculated from twice the peroxide
value plus the p-anisidine value, is another useThiobarbituric Acid Value (TBA)
ful indicator of measuring the onset of progres-
sive deterioration in oil and provides informa-  Thiobarbituric acid value of control and the
tion regarding progression of the formation of blends are displayed ifable 5, Significant in-
primary and secondary oxidation products (Akohcrease in TBA values could be noticed between
and Min 1998). ITable 4 the changes inti®  the initial and final periods of storage in the
of the oil blends during storage is presented andblends indicating the development df-fifavour,
compared with control. The TV of control was but there were not large enough to cause per-
seen to increase from 4.7 to 31.21 units. Theseeptible changes upto 12 months of storage at
increases that could be seen were a parameter cdom temperature. The value ranged from 0.007
the increase of peroxide value and p-anisidineunits to 0.619 units in control for a period of one
value, hence the increases were significant toyear Sesame-rice bran (80:20) recorded a value
that of peroxide values of the oil blends. Theof 0.1 units initially and 0.594 units after 12
lowest increase was seen in sesame-rice bramonths of storage which recorded the lowest

Table 4: Monthly changes in the totox value of oil blends during storage

Month Control Sesame: Rice bran Sesame:Mustard

100 80:20 20:80 80:20 20:80
0 4.7 £0.034 8.46+0.0066* 12.03+0.018* 16.83+0.08* 13.05+0.16*
1 13.64+£0.1903 13.15+£0.3469 16.49+0.396* 18.05+0.070* 14.78+1.04*
2 17.33+.2.162 17.33+£0.3287 19.51+0.346* 22.95+0.140* 16.15+0.120*
3 20.05+.3469 19.32+0.190* 20.93+0.204 28.10+0.115* 21.56+0.105*
4 21.81+.1903 21.24+0.346* 24.17+£0.396* 31.06£0.117* 25.51+0.155*
5 22.71+0.346 22.47+0.151 24.64+0.19* 33.16+0.125* 27.31£0.094*
6 24.06+0.346 23.27+£0.392* 26.62+0.204* 34.91+0.232* 31.68+0.359*
7 25.37+0.098 24.8+0.162* 28.14+0.468* 36.71+£0.100* 30.04+0.107*
8 26.93+£0.190 25.08%0.346 28.72+0.396 41.37+0.070* 32.30£0.115*
9 28.43+0.396 27.36+£0.190* 30.3+0.346* 42.55+0.104* 35.42+0.105*
10 29.14+0.018 28.43+0.024* 31.18+0.039* 43.77+0.115* 37.68+0.085*
11 30.14+0.198 29.74+0.533 32.62+0.24* 47.42+0.105* 38.63+£0.127*
12 31.21+0.32 30.92+0.346* 33.38+0.19* 54.54+0.204* 42.0+0.145*
Mean+S.D

*Significant at 5% level.
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Table 5: Monthly changes in the thiobarbituric acid value of oil blends during storage

Month Control Sesame: Rice bran Sesame:Mustard

100 80:20 20:80 80:20 20:80
0 0.007+£0.0015 0.01 +0.0015* 0.20 +£0.0041* 0.852+0.001* 0.962+0.001*
1 0.097+0.0015 0.091+0.002 0.189+0.003* 0.933+0.002* 1.04 +0.003*
2 0.121+£0.0020 0.012+0.002* 0.28 +0.0015* 1.05 #0.003* 1.29 £0.001*
3 0.211+£0.0024 0.195+0.001* 0.32 +0.0008* 1.103+0.002* 1.39 £0.002*
4 0.295+0.0015 0.252+0.0024 0.396+0.0035 1.27 +0.002* 1.25 +0.001*
5 0.32 +£0.00247 0.29 +0.0007* 0.41 +0.0015* 1.31 #0.001* 1.57 £0.001*
6 0.399+0.002 0.3 +0.00306* 0.49 £0.0008* 1.484+0.009* 1.67 +0.081*
7 0.427+0.013 0.372+0.028* 0.545+0.042* 1.502+0.001* 1.745+0.003*
8 0.49 +£0.0015 0.41 £0.0024 0.59 £0.0035 1.626+0.003* 1.825+0.004*
9 0.516+0.003 0.482+0.001* 0.615+0.002* 1.752+0.001* 1.944+0.002*
10 0.57 +0.0015 0.51 +0.0024* 0.67 +0.0035* 1.892+0.001* 2.012+0.003*
11 0.592+0.001 0.568+0.004* 0.692+0.001* 1.954+0.003* 2.105+£0.002*
12 0.619+£0.0020 0.594+0.024* 0.72 +0.0015* 2.054+£0.003* 2.282+0.001*
MeanzS.D

*Significant at 5% level.

values and sesame-mustard blends TBA value Sesame-rice bran (80:20) recorded lower val-
ranged from 0.852 units to 2.282 units for a pe-ues than control and hence was significantly
riod of 12 months. The results of the presentbetter than control through-out the period of stor-
study are in agreement with that of Semwal et alage except during the seventh and eighth month
(1996), and Semwal ardya (2001) who report-  of storage, whereas in the sesame-rice bran
ed thiobarbituric acid values on storage for a few(20:80) it was seen that except during 8th month
oil blends and confirmed the increase as storagef storage all were significantly better than con-
period increased. trol. According to kreis test value, the blends
and control were seen to be within the normal
limits and only incipient rancidity could be seen,
though however by the end of storage period all
The changes in the kreis test value of selectethe blends were significantly superior to control.
oil blends during storage can be seefdhle 6.  Relevant studies regarding kreis test values in
Control and the blends had a kreis test value oblends have not been reported.
0.13 initially and as the period of storage in-
creased the kreis test value increased. The kreiBree Fatty Acid Value
test, which is qualitative or roughly quantitative,
depends on the presence of a specific class of Free fatty acids occur in fats as a result of
compounds, namely acetals of epihydrin alde-enzymatic hydrolysis by lipases, metal ions act-
hyde or its homologs (feja et al. 1990). ing as free radicals or at an elevation of tempera-

Kreis Test

Table 6: Monthly changes in the Keis test value of oil blends during storage

Month Control Sesame: Rice bran Sesame:Mustard

100 80:20 20:80 80:20 20:80
0 0.13 £0.00208 0.11 £0.0026 0.10 +0.0011 1.63 +0.003* 1.944+0.003*
1 0.14 +0.0025 0.12 +0.0041* 0.127+£0.005* 1.843+0.001* 2.053+£0.001*
2 0.188+0.0035 0.162+0.004* 0.150+£0.002* 2.045+£0.003* 2.292+0.001*
3 0.258+0.0041 0.199+0.002* 0.187+0.001* 2.102+0.002* 2.322+0.002*
4 0.294+0.0025 0.228+0.004* 0.213+£0.005* 2.385+£0.003* 2.633+£0.002*
5 0.31 £0.0041 0.29 +0.001* 0.27 +0.002* 2.464+0.002* 2.743%£0.001*
6 0.396+0.004 0.31 +0.0051* 0.299+0.001* 2.475+£0.048* 2.785+£0.101*
7 0.439+0.019 0.446+0.039 0.371+£0.023* 2.512+0.002* 3.182+0.001*
8 0.49 +£0.0025 0.46 £0.0041 0.40 £0.0057 2.634%0.003* 3.283%0.001*
9 0.52 £0.0057 0.51 +0.0025* 0.46 +0.0041* 2.513+0.001* 3.384+£0.003*
10 0.583+0.002 0.564+0.004* 0.492+0.005* 2.643+0.002* 3.414+0.002*
11 0.618+£0.002 0.579+£0.007* 0.511+0.003* 2.703+£0.001* 3.553+£0.002*
12 0.624+0.0035 0.59+0.0041* 0.543+0.002* 2.853+0.002* 2.614+0.002*
MeantS.D

*Significant at 5% level.
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Table 7: Monthly changes in the fee fatty acid value (% oleic acid) of oil blends during storage

Month Control Sesame: Rice bran Sesame:Mustard
100 80:20 20:80 80:20 20:80

0 0.53+£0.0066 0.58+ .0050* 0.64+ .0107* 1.06+£0.035* 0.59 +0.002*
1 0.65+£0.0000 0.66+ .0005* 0.69+ .0010* 1.17+0.002* 0.73 +0.003*
2 0.89+0.0000 0.81+0.000* 0.86+0.000* 1.28+0.002* 0.86 £0.0005*
3 0.99+£0.0005 0.91+£0.000* 0.98+0.000* 1.45+£0.03* 0.912+0.0005*
4 1.02+0.0005 1.04+ .0005* 1.10+ .0005* 1.50+0.005* 0.966+0.003*
5 1.19+0.0005 1.16+0.000* 1.14+ .0005* 1.61+£0.002* 1.21 +0.001*
6 1.35+0.0005 1.23+0.001* 1.26+ .0000* 1.73+0.004* 1.45 +0.001*
7 1.47+0.0352 1.34+ .0971* 1.37+ .1338* 1.89+£0.001* 1.67 +0.001*
8 1.54+0.0003 1.5 +0.0004 1.48+£0.0007 1.94+0.004* 1.83 +0.002*
9 1.71+ .0005 1.59+ .0005* 1.62+ .0005* 2.46+0.003* 2.09 +0.002*
10 1.82+0.0000 1.69+ 0058* 1.82+ .0005* 2.61+£0.003* 2.32 +0.003*
11 1.93+0.0000 1.82+0.001* 1.91+ .0005* 2.89+0.001* 2.58 +0.001*
12 2 +0.0003 1.93+ .0004* 2.01+ 0003* 3.04+0.001* 2.74 +0.004*
MeantS.D

*Significant at 5% level.

ture. The changes in free fatty acid values ex-and Bhavani (1997), Semwal alga (2001) The
pressed in percent oleic acid during storage fohydrolytic changes though not predominant, the
a period of 12 months is depictedimble 7The  formation of free fatty acids was found to in-
initial free fatty acid value of control was seen to crease with increase in time of storage. Though
be 0.53, which increased slowly and steadily to Znitial levels of free fatty acids were found to be
after a storage period of 12 months. The free fattyifferent in the blends, rate of formation was
acid values of the rice bran blends with sesaméound to be almost parallel, recording a drastic
were seen to range from 0.58 to 1.93 in 80:20 blenéhcrease after 12 months of storage.

and 0.64 to 2.01 in the 20:80 blend. The free fatty

acid value of the rice bran blends were seen to beodine Value

on the higher side but significantly lower than

control. This may be due to the presence of an lodine value is an index of the unsaturation,
active lipase in rice bran, which upon milling is which is the most important analytical character-
activated and quickly begins to hydrolyse trig- istic of an oil. Data on changes in the iodine value
lycerides into free fatty acids, diglycerides andof the selected oil blends during storage is pre-
mono glycerides, and the lipase eventually willsented inTable 8. It was observed that iodine
decompose all the triglycerides present over avalue decreased gradually during storage in the
period of several months. Similar changes wereil blends studied. Maximum iodine value was
reported by Handoo et al. (1992 a, b,) Sarojini111.9 units initially in sesame-mustard (20:80) and

Table 8: Monthly changes in the iodine value of oil blends during storage

Month Control Sesame: Rice bran Sesame:Mustard
100 80:20 20:80 80:20 20:80

0 106.9+0.264 92.4+0.132* 97 10.264* 110.65+0.035* 111.94+0.025*
1 106.8+0.100 92.2+0.050* 96.8+£0.100* 109.5 +£0.100* 111.33+0.057*
2 106.3+0.100 92 +0.050* 96.4+0.100* 109.26+0.208* 110.33+0.251*
3 106.1+£0.100 91.9+£0.050* 96.3+£0.100* 108.74+0.035* 109.33+0.152*
4 105.8+0.086 91.8+0.043* 96.1+0.086* 108.22+0.020* 109.13+0.015*
5 105.4+£0.100 91.7+0.050* 95.9+0.100* 107.93+0.010* 108.94+0.030*
6 105.3+0.086 91.6+£0.043* 95.7+£0.264* 107.74+0.020* 108.25+0.025*
7 105.1+0.264 91.4+0.13* 95.4+0.100* 107.14+0.025* 108.03+0.015*
8 104.8+0.100 91.3+£0.050 95.2+0.100* 106.93+0.015* 107.83+0.015*
9 104.5+£0.100 91.1+0.050* 95 +0.100* 106.45+0.030* 107.63+0.020*
10 103.8+£0.100 91 £0.050* 94.8+0.086* 105.93+0.015* 107.04+0.020*
11 103.5+0.086 90.9+£0.043* 94.5+£0.100* 105.63+0.020* 106.83+0.015*
12 103.2+0.100 90.6+0.050* 94.3+0.0866* 103.66+0.051* 106.63+0.015*
MeanzS.D

*Significant at 5% level
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110.6 units in sesame-mustard (80:20) which deposition is modified by the amount of saturated,
creased to 103.6 and 106.6 units by the end of thmono unsaturated and polyunsaturated fatty ac-
storage period. Minimum iodine value was 92.4ids (Valenzuela 2002)According to current con-
units in sesame-rice bran (80:20), which furthercepts, the influence of high fat intake on cardio-
decreased to 90.6 units on storage. Slow decreas@ascular status depends on the fatty acid profile
in iodine value of oil blends may be due to induc-and the P:S ratio, both of which can be modified
tion period where fat was oxidized slowly show- by fatty acids (Rao 1992). Use of different edible
ing initiation stage of auto oxidation reaction. oils and blending them to make up for the defi-
Rapid changes in iodine value of oil blends maycient factors is essential. The possibility of de-
be attributed to propagation of auto oxidationveloping nutritionally more suitable oils with rec-
process where hydro peroxides are formed frorommended fatty acid ratios and their effect dur-
free radicals in fatty acids generated in initiationing storage is the point of discussion selected
stage or auto oxidation reaction. During the endbil blends.
of storage period slight change in iodine value Fatty acid composition and changes during
was observed which might be due to terminationstorage of control is shown ifable 9 and the
stage of reaction. (Nasirullah et al.1991). results indicated that control is deficient in C-
18:3. During storage there is a gradual increase
in C-16:0 from 10.03 to 11.89, in C-18:0 from 5.26
to 5.86, and a gradual decrease in C-18:1 from
Nearly 91 people die every hour in the world 37.94 to 33.05, in C-18:2 from 46.74 to 44.24 units
due to heart attacks, as per WHO statistics. Inupto nine months of storage and faster changes
urban India Coronarirtery Disease prevalence from 10 to 12 months of storage and the propor-
is around 7 percent compared to 3 percent irtion of SA:MUFA:PUFA is 1:2.4:3 for the same.
USA and less than 1 percent in Japan. OccurSaha (2001) in his studies in fatty acid composi-
rence of first myocardial infarction before the agetion of sesame oil derived on an S:M:P ratio of
of forty is 5-10 times higher than in most popula- 1.0:1.6:1.7.
tions worldwide. Quality of fat consumed can be  The fatty acid composition and changes dur-
the key factor that can explain this. It is neces-ing storage for sesame-rice bran blends studied
sary to obtain energy from fat in the right ratio is shown infable 10 and sesame-mustard blends
(Raghu 2003). in Table 1. It was observed that there was a
Edible oils are important components of hu- gradual increase in C-16:0, and C-18:0 but a de-
man foods and their variety and consumptioncrease in C-18:1, C-18:2 and C-18:3. Murthy et al.
depends on the availability in each country or(1996) studied the changes in fatty acid compo-
region. Fatty acid composition of edible oils doessition of oil blends during storage for 12 months
not follow a standard pattern because this comand their results correlate to the present study

Effect of Sorage on FattyAcids

Table 9: Changes in the fatty acid composition of contd during storage (%)

Month 16:0 18:0 18:1 18:2 18:3

(Palmitic acid) (Stearic acid) (oleic acid) (linoleic acid) (linolenic
acid)

0 10.03+0.0194 5.26 +0.00305 37.94 +0.0114 46.74+0.0187 Negligible
1 10.28+0.2516 5.29 +0.17054 37.40 £0.4633 46.78+0.1654 Negligible
2 10.59+0.2516 5.54 +0.2757 36.95 +0.9614 46.58+0.2203 Negligible
3 10.63+£0.3013 5.57 +0.3058 36.35 £0.5473 46.33+£0.8458 Negligible
4 10.67+0.3167 5.60 +0.2019 36.15 +1.8704 46.19+1.0010 Negligible
5 10.68+0.301 5.63 0.3 35.71 +0.547 46.09+1.07 Negligible
6 10.83+0.301 5.69 +0.381 35.28 £0.440 45.89+£1.072 Negligible
7 10.86+0.155 5.72 +0.1705 34.87 £0.900 45.75+1.091 Negligible
8 10.86+0.251 5.73 +0.3058 34.21 %0.717 44.89+1.988 Negligible
9 10.53+0.278 5.76 +0.21 33.99 +1.308 44.35+0.379 Negligible
10 11.17+0.251 5.79 +0.2174 33.74 £1.377 44.3 £0.1450 Negligible
11 11.28+0.246 5.835+0.160 33.113+2.75 44.29+3.05 Negligible
12 11.89+0.316 5.867+0.156 33.05 £2.106 44.24+1.06 Negligible
MeanxS.D

*Significant at 5% level



Table 10: Changes in the fatty acid composition of sesame- rice bran blends during storage (%)

Month

16:0 (Palmitic acid)

18:0 (Stearic acid) 18:1(oleic acid) 18:2 (linoleic acid)

18:3 (linolenic acid)

80:20

20:80 80:20 20:80 80:20 20:80 80:20 20:80

80:20

20:80

©CoO~NOUORWNEFO

PR
NP~ O

16.54+0.016*
16.86+0.301*
16.93+0.301*
17.17+0.251*
18.15+0.301*
18.22+0.448*
18.24+0.305*
18.59+0.505*
18.78+0.180*
18.79+0.251

19.27+0.301*
19.85+0.971*
20.004+0.67*

13.35+£0.029* 3.86+0.0452*2.83+0.0030* 45.65+0.237* 38.35+0.254* 29.66+0.063* 39.16+0.Negfigible
13.45+0.307* 4.09+0.3058*2.94+0.1618* 45.39+0.440* 38.21+0.130* 29.47+0.269* 39.10+0.N2Gligible
14.12+0.251%.16+0.523* 3.26+0.1705* 44.37+0.139* 38.00+£0.444* 29.46+1.023* 38.84+0.428&gligible
14.64+0.281* 4.25+0.5973*3.84+0.1537* 44.01+0.150* 38.26+0.062* 29.40+0.684* 39.02+0.Negfigible
15.09+0.307* 4.36+0.3486*3.909+0.381* 42.79+0.139* 38.26+0.027* 29.99+1.290* 39.21+0.B@gligible
15.25+0.251%.56+0.486* 4.03+0.17* 41.98+0.106* 38.24+0.15* 29.91+0.083* 39.07+0.165*Negligible
15.79+0.281%.80+0.118* 4.30+0.1537* 40.71+£0.19* 38.08+0.062* 29.27+0.332* 38.01+0.098Negligible
15.95+0.288* 4.88+0.1499*4.52+0.3125* 39.77+0.078* 37.93+0.008* 28.80+0.472* 37.85+0.Blegligible
16.46+0.307%.94+0.3058 4.64+£0.2704 39.06+0.139* 37.48+0.461* 28.16+1.023* 37.54+0.40Negligible
17.29+0.3014.96+0.17* 4.88+0.523* 38.57+0.15* 37.39+0.139*27.57+9.425 37.22+1.023 Negligible
17.42+0.307* 5.21+£0.3058*4.69+0.3819* 38.01+0.139* 36.65+0.767* 27.36+0.332* 37.15+0.Keégfigible
18.12+0.238%5.506+0.314 5.025+0.216* 37.159+0.29* 36.208+0.55* 26.83+0.79236.68+0.41* Negligible
18.59+0.2515.56+0.305 5.43+0.17 36.75+0.139* 35.83+0.15* 26.64+0.269* 35.99+0.837*Negligible

0.7+0.0079
0.69+0.0032
0.65+0.0371
0.63+0.0513
0.62+0.0652

0.61+.0074
0.60+.00045
0.599+0.092
0.589+0.054
0.57+0.0472
0.55+0.0466
0.5308+0.02
0.521+0.006

Mean+S.D
*Significant at 5% level

Table 11: Monthly changes in the fatty acid composition of sesame-mustard blends during storage (%)

Month 16:0 (Palmitic acid)

18:0 (Stearic acid) 18:1(oleic acid) 18:2 (linoleic acid)

18:3 (linolenic acid)

J9VHAS ONIFINA SAN3TGT1I0 d3L0373S 40 ALINAGVLS

80:20 20:80 80:20 20:80 80:20 20:80 80:20 20:80 80:20 20:80
0 5.5 £0.0052* 5.72+0.0051* 5.55+0.0115* 5.42 +0.007* 20.25+0.059* 20.43+0.010* 24.88+0.067* 24.78+0.110* 0.576+0.002*  0.596+0.002*
1 5.53+#0.0015* 5.73+0.0012* 5.57+0.0110* 5.433+0.011*  20.25+0.027* 20.40+0.001* 24.86+0.011* 24.76+0.011* 0.575+0.001*  0.594+0.002*
2 5.56+0.0017* 5.74+0.0021* 5.58+0.0110* 5.45 +0.011* 20.25+0.022* 20.36+0.022* 24.84+0.011* 24.75+0.009* 0.572+0.001*  0.592+0.001*
3 5.57+0.0021* 5.75+0.0027* 5.60+0.002*  5.47 +0.011* 20.24+0.010* 20.33+0.007* 24.82+0.011* 24.73+0.012* 0.572+0.0007* 0.592+0.001*
4 5.61+0.0088* 5.77+0.0022* 5.62+0.007*  5.48 +0.011* 20.16+0.026* 20.30+0.001*  24.81+0.002* 24.71+0.01* 0.573+0.001*  0.593+0.001*
5 5.63+0.0083* 5.80+0.0025* 5.63+0.0115* 5.80 +0.001* 20.14+0.021* 20.27+0.027* 24.80+0.002* 24.70+0.001* 0.571+0.001*  0.592+0.001*
6 5.65+0.0001* 5.82+0.0052* 5.65+0.0001* 5.82 +0.0001* 20.13+0.002* 20.26+0.002*  24.79+0.000* 24.68+0.00001* 0.570+0.0001*  0.591+0.0002*
7 5.64+0.0021* 5.83+£0.0115* 5.66+0.0167* 5.82 +0.0162* 20.03+0.017* 20.24+0.016*  24.75+0.021* 24.63+0.0120* 0.566+0.002*  0.590+0.0001*
8 5.66+0.0016* 5.84+0.0012* 5.67+0.0200* 5.85 +0.0110* 19.83+0.012* 20.15+0.021* 24.73+0.017* 24.61+0.0047* 0.565+0.002*  0.586+0.002*
9 5.67+0.0100* 5.84+0.0158* 5.70+0.002*  5.87 +0.0162* 19.60+0.001* 20.03+0.011* 24.71+0.012* 24.60+0.002* 0.563+0.002*  0.584+0.002*
10 5.68+0.0105* 5.86+0.0120* 5.70+0.0056* 5.88 +0.0085* 19.47+0.020* 19.83+0.011* 24.70+0.002* 24.57+0.0156* 0.562+0.001*  0.583+0.001*
11 5.71+0.0020* 5.87+0.0167* 5.71+0.0066* 5.90 +0.0025* 19.20+0.002* 19.76+0.025* 24.67+0.021* 24.57+0.010* 0.561+0.0007* 0.583+0.001*
12 5.72+0.0110* 5.90+0.0062* 5.73+0.0115* 5.92 +0.0066* 19.02+0.012* 19.54+0.026* 24.67+0.010* 24.55+0.0105*  0.560+0.0002* 0.580+0.0001*

MeantS.D

*Significant at 5% level
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Gradual increase in saturated fat and a decreasehich is a content ratio of unsaturated fatty ac-
in unsaturated fats were seen over time, whichds to saturated fatty acids in sesame oil blended
were significantly different from the control in samples. Based on the fatty acid composition of
the oil blends studied. This may probably be duehe blends proportion of saturated, mono unsat-
to oxidative cleavage of these fatty acids on storurated and poly-unsaturated fatty acids is calcu-
age. lated and shown ifmable 12 These values indi-
Sesame-rice bran blends showed a significantate that though the ideal proportion of 1:1:1 is
difference of both saturated and unsaturated fattyiot achieved there is an improvement in the pro-
acids during storage. 16.54 units and 13.35 unitportion of fatty acids when compared to control.
of C-16:0 were seen in sesame-rice bran (80:20)
and (20:80), which were seen to increase to 20.004 CONCLUSION
and 18.59 units. For C-18:0 in the same blend it
was seen to be 3.86 and 2.83 units initially and The blends could be stored for a period of 12
finally by the end of storage period it was notedmonths without any adverse changes in their
to increase to 5.56 and 5.43 units respectivelyperoxide values, which were seen to be under
The principal fatty acid seen in sesame-rice brarthe limits specified by regulations mentioned by
blend was C-18:1 at a level of 45.65 and 38.353PFA. Based on the fatty acid composition of the
units, followed by C-18:2 of 29.66 and 39.16 unitsblends proportion of S:M:P calculated showed
and C-16:0 at a level of 16.54 and 13.35 units rethat no blend had achieved the ideal ratio of 1:1:1.
spectively while C-18:0 was present in low It was seen that as the storage period increased
amounts of 3.86, and 2.83 units and C-18:3 washe proportion of S:M:P came closer to the ideal
found to be negligible. The ratio of fatty acid ratios, which could not be taken as the correct
composition was 1:2.2:1.4 and 1:2.3:2.4 beforemeasure for the ideal ratios since storage showed
storage as seenTiable 12 for sesame-rice bran a gradual increase in saturated fats and a de-
blends of 80:20 and 20:80 respectivllgmwal  crease in unsaturated fats over time due to oxi-
andArya (2001) contradicted the changes in thedative cleavage of fatty acids.
fatty acid composition during storage as not sig- Considering the merits and demerits of oil as
nificant. a cooking medium, blended oils seem to be just
The objective of this part of the study was to as or even more suitable than single oil for culi-
determine the optimal fatty acid composition to nary purposes. Blending of course could be so
achieve a balance between the storage stabilitglesigned as to achieving an ideal fatty acid com-
frying property and health aspeginong the bination. Oil blends having nutritional merits and
fatty acids, C-18:2 was the highest in the blendshave more stability during heating could thus be
The higher the sesame oil content, the higher thexpected to receive acceptance if sufficient time
C-18:0 and C-18:1, and lower the 16:0, 18:2 ands given for adjustment. Based on the results of
18:3. This resulted in higher un-saturation ratio,the present studyhe following recommenda-

Table 12: Proportion of saturated fatty acid composition: Monounsaturated fatty acid composition:
Polyunsaturated fatty acid composition of the selected oil blends

Month Control Sesame: Rice bran Sesame:Mustard
100 80:20 80:20 20:80 20:80
S:M:P S:M:P S:M:P S:M:P S:M:P
0 1:2.4:3 1:2.2:1.4 1:1.8:2.3 1:1.8:2.3 1:2.3:2.4
1 1:2.4:3 1:2.1:1.4 1:1.8:2.3 1:1.8:2.3 1:2.3:2.4
2 1:2.2:3.8 1:2.1:1.4 1:1.8:2.3 1:1.8:2.3 1:2.1:2.2
3 1:2.2:2.8 1:2:1.3 1:1.8:2.3 1:1.8:2.3 1:2:2.1
4 1:2.2:2.8 1:1.9:1.3 1:1.8:2.3 1:1.8:2.2 1:2:2
5 1:2.1:2.8 1:1.8:1.3 1:1.8:2.3 1:1.7:2.2 1:1.9:2
6 1:2.1:2.7 1:1.7:1.2 1:1.8:2.2 1:1.7:2.2 1:1.8:1.9
7 1:2:2.7 1:1.6:1.2 1:1.8:2.2 1:1.7:2.2 1:1.8:1.8
8 1:2.1:.2.7 1:1.6:1.1 1:1.8:2.2 1:1.7:2.2 1:1.7:1.8
9 1:2.1:2.7 1:1.6:1.1 1:1.7:2.2 1:1.7:2.2 1:1.6:1.7
10 1:2:2.6 1:1.5:1.1 1:1.7:2.2 1:1.7:2.1 1:1.6:1.7
11 1:1.9:2.5 1:1.4:1 1:1.7:2.2 1:1.7:2.1 1:1.5:1.6
12 1:1.9:2.5 1:1.4:1 1:1.7:2.2 1:1.7:2.1 1:1.4:1.5
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209-238.

Supplementary Table 1: Monthly changes in the specific gravity of oil blends during storage

Month

Control

Sesame: Rice bran

Sesame: Mustard

100

80:20

20:80

80:20

20:80

CoO~NOOA~AWNEFO

e
N RO

0.922+0.0015
0.965+0.2517
0.994+0.0368
1.018+0.0351
1.038+0.0251
1.05 +0.0351
1.05 £0.0351
1.115+0.006

1.13 £0.0251
1.135+0.029

1.14 £0.0251
1.151+0.028

1.162+0.0368

0.901+0.001*
0.952+0.0351
0.956+0.0351
1.002+0.0251
1.034+0.0351

1.03+0.0264
1.04+0.0351
1.06 +0.0693
1.15+0.0351
1.155% .0251
1.17+0.0351

1.181+0.037

1.19 £0.0368

0.854+0.0025*
0.859+0.0286*
0.906+0.0006*
0.908+0.0003*
0.93 £0.0021*
0.98+0.0003*
1.09+0.0007*
1.1 +0.0058*
1.11+0.0004*
1.128+0.0005*
1.14+0.0110*
1.16 +0.0009*
1.18+0.0007*

0.896+0.0021*
0.906+0.0028*
0.97 +0.0080*
1.02 +0.0005*
1.07 +0.0003*
1.09 +0.0003*
1.12 +0.0063*
1.15 +0.0058*
1.17 +0.0007*
1.19 +0.0007*
1.191+0.0008*
0.19 +0.0006*
1.19 +0.0006*

0.92 +0.00185
0.9330.293
0.964+0.0251
1.025+0.0304
1.025+0.0293
1.03 +0.0251
1.05 +0.0304
1.13 +0.0324
1.13 +0.0293
1.149+0.0351
1.16 +0.0293
1.18 +0.027
1.18 +0.0368

Mean+S.D
*Significant at 5% level.

Supplementary Table 2 : Monthly changes in the efractive index of oil blends during storage

Month Control Sesame: Rice bran Sesame:Mustard

100 80:20 20:80 80:20 20:80
0 1.465+0.0002 1.46+0.0001* 1.46+£0.0002* 1.35+0.106* 1.44+0.0675*
1 1.465+0.0001 1.46+0.0005* 1.46+0.0001* 1.45+0.0003* 1.47+0.0004*
2 1.465+0.0001 1.4 +0.00005* 1.46+0.0001* 1.45+0.0005* 1.47+0.0038*
3 1.465+0.0001 1.4 +0.00005* 1.46+0.0001* 1.45+0.0056* 1.47+0.0007*
4 1.46 +0.00009 1.4 +0.00004* 1.4 £0.00009* 1.46+0.0126 1.47+0.0003*
5 1.465+0.0001 1.4 +0.00005* 1.46+£0.0001* 1.46+0.0005 1.47+0.0116*
6 1.46 +0.00009 1.4 +0.00004* 1.46+0.0002* 1.46+0.0007 1.48+0.0014*
7 1.465+0.0002 1.46+£0.0001* 1.46+0.0001* 1.46+0.0007 1.48+0.0004*
8 1.465+0.0001 1.4 +0.00005* 1.46+0.0001* 1.47+0.0005* 1.48+0.010*
9 1.465+0.0001 1.4 +0.00005* 1.46+0.0001* 1.47+0.0005* 1.50+0.0007*
10 1.465+0.0001 1.4 +0.00005* 1.4 £0.00009* 1.48+0.0003* 1.50+0.0006*
11 1.465+0.0009 1.4 +0.00004* 1.4 £0.0001* 1.57+0.0004* 1.51+0.0033*
12 1.465+0.0001 1.4 +0.00005* 1.4 £0.00009* 1.63+0.0009* 1.52+0.0228*
MeanzS.D

*Significant at 5% level.



