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Abstract The objective of the study was to develop the oil
blend with improved omega-6 to omega-3 fatty acid ratio
(0-6:@-3) with good oxidative and thermal stability.
Flaxseed oil and palm olein were selected for the blending.
Flaxseed oil is rich in anti-inflammatory omega-3 fatty acid
(w-3 FA) but is oxidatively very unstable. Palm olein has
low omega-6 fatty acid content and high thermal and
oxidative stability. Blends containing various percent (v/v)
of flaxseed oil and palm olein were prepared. Oxidative
and thermal stability was determined by analyzing perox-
ide value, acid value, smoke point, % free fatty acids, para-
Anisidine and TOTOX values. Nutritive quality was con-
firmed by determining fatty acid composition. Nine month
storage stability of the blend containing highest flaxseed oil
percentage was assessed in terms of peroxide and acid
value and fatty acid composition. The biological effects
were studied in THP-1 cell line as the effect on cell sur-
vival, FA uptake and inflammatory markers. The data
indicates that, blending improved w-6:®-3 ratio. Oxidative
and thermal stability study, and nine month storage sta-
bility study suggested that palm olein imparted stability to
the blend. Fatty acid profiles of the cells treated with these
blends showed uptake of Alpha Linolenic Acid (w-3 FA).
These blends lowered inflammatory TNFa level without
affecting cell survival. Thus, blending of flaxseed oil with
palm olein may result in better health benefits owing to
their improved nutritional and stability properties.
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Abbreviations

AA Arachidonic acid

ALA Alpha-linolenic acid

AOCS American oil chemists’ society

AV Acid Value

BHT Butylated hydroxytoluene

DHA Docosahexaenoic acid

FO Flaxseed oil

DMSO Dimethyl sulfoxide

EPA Eicosapentaenoic acid

FBS Fetal Bovine Serum

IL-6 Interleukin-6

LA Linoleic acid

LPS Lipopolysaccharide

MTT 3-(4,5-Dimethylthiazol-2-yl1)-2,5-diphenyl
tetrazolium bromide

OA Oleic acid

PA Palmitic acid

p-AV Para-anisidine value

PO Palm olein

PV Peroxide value

SP Smoke point

TNFo Tumor necrosis factor alpha

TOTOX Total oxidation value

value

% FFA % Free fatty acid
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Introduction

Non-communicable diseases (NCD) are major health
problems worldwide. As per World Health Organization
(WHO) report (2017), globally, almost 61% deaths are due
to NCD. The excess of omega-6 (»-6) fatty acid (FA) and
very low omega-3 (»-3) FA (i.e. high ®-6:®-3 ratio) in the
diet have resulted in the persistent low grade inflammation
leading to the development and progression of NCD
(Johnson and Fritsche 2012). Linoleic acid (LA; -6 FA,
pro-inflammatory) and Alpha-linolenic acid (ALA; ®-3
FA, anti-inflammatory) are essential FA. Therefore, dietary
intake of these polyunsaturated fatty acid (PUFA) is
required (Kaur et al. 2014). Various studies and experi-
mental evidences indicate that ®-6:®-3 ratio in the range
1:1-5:1 are capable of preventing many NCD (Simopolous
2008).

Edible oils are major dietary source of FA and provide
essential and non-essential FA in triacylglycerol form. As
per the WHO recommendation (Choudhary et al. 2015),
diet should consist of saturated FA (SFA), monounsatu-
rated FA (MUFA) and PUFA in a ratio 1:1.5:1 with LA and
ALA in a ratio 5-10:1 (Choudhary et al. 2015). But
majority of vegetable oils are rich in w-6 FA (LA). The
vegetarian sources of ®-3 FA (ALA) are limited (Kaur
et al. 2014). These PUFA are prone to the oxidative and
thermal damage resulting in decreased nutritional value
and formation of toxic compounds (Falade 2017). Unfor-
tunately, no single oil offers ideal FA composition (nutri-
tional quality) and oxidative and thermal stability
(Koohikamali and Alam 2019). Therefore, developing the
oil with appropriate ®-6:0-3 ratio and good oxidative and
thermal stability is required. Blending of the oils combines
the potency of two/more edible oils. This approach is used
to enhance nutritive quality, oxidative and thermal stability
of the oils (Ghafoorunissa 2008).

Palm olein (PO) is increasingly being used as frying and
cooking medium owing to its good thermal and oxidative
stability. In the blends, it improves frying quality of PUFA
rich vegetable oils (Farhoosh et al. 2009; Ismail 2005). PO
contains ~ 42% oleic acid (OA) and ~ 10% LA. Though
it is less saturated than palm oil, it still contains high
percentage of SFA (palmitic acid; PA) and very negligible
amount of ALA. On the other hand, flaxseed oil (FO,
Linum usitatissimum, Linseed) is one of the richest plant
sources of the ®-3 ALA with proven health benefits (Kaur
et al. 2014). But due to high oxidative and thermal insta-
bility, FO is not suitable as cooking oil (Symoniuk 2016).

Therefore, the objective of present study was to develop
the oil blends with balanced ®-6:0-3 ratio with good
oxidative and thermal stability. We selected to blend PO
and FO. The choice is made on the basis of their unique

fatty acid composition and stability properties. PO blends
containing 20%, 10% and 5% (v/v) FO were prepared to
achieve various ®-6:0-3 ratios. Here, we report physico-
chemical characterization of these blends to ensure their
nutritive quality (FA composition), oxidative stability and
thermal stability followed by evaluation of biological
effects of these blends in THP-1 cell line. Finally nine
month storage stability of blend containing 20% FO has
been evaluated. By blending FO and PO, we could improve
®-6:0-3 ratio in the blend without compromising oxidative
stability, thermal stability and long term storage stability.
Improved ®-6:®-3 ratio was reflected in the lowered ®-
6:m-3 ratio in the cells treated with these blends resulting in
lowering of inflammatory marker.

Materials and methods

PO was purchased from local market. Cold press FO was
purchased from Real World Nutrition Laboratory Foun-
dation, Pune (India). MTT and Lipo-polysaccharides (LPS)
were procured from Sigma-Aldrich (Saint Louis, MO,
USA), Human TNFa and IL-6 ELISA kits were supplied
by eBiosciences (Vienna, Austria). RPMI 1640 medium,
fetal bovine serum (FBS), cell culture grade DMSO and
rest of the reagents essential for cell based studies were
purchased from HiMedia (India). Analytical grade reagents
were purchased from SRL Laboratories (India).

Preparation of oil blends

Three different percentages of FO (20, 10 and 5 v/v) were
blended with PO. Individual oils (FO and PO) were mixed
at defined proportion using mechanical homogenizer
(REMI ELEKTROTECHNIK LTD, India) for 15-20 min.
Base oils and blends were kept in air-tight glass bottle at
room temperature and used for initial physico-chemical
characterization studies and nine month storage stability
study. The oils and their blends to be used for cell based
studies were stored at —20 °C.

Initial physicochemical characterization
of the blends

Fatty acid analysis of the blends

Fatty acid profiles of the oils and blends were determined
by a method described by Ichihara and Fukubayashi (2010)
with some modifications. In brief, fatty acid methyl esters
(FAME) from 50 mg oil/blend were prepared by adding
methanolic HCI in the presence of BHT (50 mg/mL) at
80 °C for 2 h. FAME were extracted in hexane and dried
under the nitrogen stream and reconstituted in hexane.
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Analysis of FAME was done by gas chromatography (GC)
(7820A, Agilent, Santa Clara, CA, USA), coupled with a
flame ionization detector (FID) with capillary column
(HP8S, i.d.0.25 mm, 30 m, thickness 0.2 um). The GC
conditions were as follows: the injector and FID tempera-
ture was 250 °C. Initial oven temperature (140 °C for
5 min) was raised to 230 °C (4 °C/min) and finally held at
230 °C for 12.5 min. Nitrogen was used as carrier gas
(1.1 mL/min), with a split ratio of 1:25. The data is pre-
sented as Mean + SD.

Determination of other physic-chemical parameters

Determination of the Acid Value (AV) was carried out as
per AOAC official Method 940.28 and expressed as mg
KOH/g oil. AOCS official method Ca 5a-40 was used to
determine % Free Fatty Acid (%FFA) and expressed as
%FFA (as oleic acid) (Jagtap et al. 2020). Peroxide Value
(PV) was determined using AOCS official method Cd 8b-
90 and expressed as milliequivalent O,/kg oil (De Boer
et al. 2018). Method mentioned by Das et al. (2013) was
used to determine smoke point of oils and blends. Data is
represented as Mean + SD.

Evaluation of effect of heating the blends on various
chemical parameters

The oils and blends were heated at 180 °C for four hour.
Samples were collected intermittently at every hour during
heating. Samples were dissolved in iso-octane and absor-
bance was measured at 232 nm and 268 nm using UV/VIS
spectrophotometer (UV  3000" LABINDIA ANALY-
TICAL, INDIA). Using the formula mentioned by Malvis
et al. (2019) values for K>3, and K,z were calculated. PV,
para-Anisidine Value (p-AV) and total oxidation value
(TOTOX Value) were determined as per AOCS official
methods (De Boer et al. 2018) for the oils/blends before
and after four hour heating. The data is represented as
Mean + SD.

Determination of biological effects of these blends
in THP-1 cell line

THP-1 (human monocytic leukemia cell line) was obtained
from National Centre for Cell Sciences (Pune, India). The
cells were cultured in RPMI 1640 medium containing 10%
FBS. The cells were incubated at 37 °C in a humidified
incubator containing 5% CO,.

Delivery of oils and blends in cell culture medium

DMSO stocks of the oils or blends (50 mg/mL) were
diluted in 100% FBS and pre-incubated at 37 °C for one
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hour. The final concentration of FBS and DMSO in all the
experiments was 10% and 0.5% respectively. DMSO alone
pre-incubated with FBS served as the control (C).

Effect of the blends on cell viability

THP-1 cells were seeded in the 96W plate (1 x 10°cells/
well). Cells were treated with the oils or blends at 250 pg/
mL, 100 pg/mL and 50 pg/mL for 24, 48 and 72 h. At the
end of each incubation point, cell viability was determined
by MTT assay. In brief, at the end of the incubation period,
culture medium from each well was carefully removed and
MTT stock (1 mg/mL in RPMI 1640) was added to each
well (200 pL/well). Plate was incubated at 37 °C in a
humidified incubator containing 5% CO,. After incubation
for three hours, MTT solution was carefully removed from
all the wells and DMSO was added to all the wells (100 pL/
well). After 20 min incubation at room temperature,
absorbance was read at 570 nm. The % viability was
determined considering the viability of control cells as
100%. Data is represented as Mean £ SD.

Fatty acid analysis of THP-1 cells treated with the blends

THP-1 cells were treated with the oils or blends for 48 h.
At the end of the treatment, cells were collected and
washed twice with 1X PBS. The total lipid extraction was
done as per Folch et al. (1957). The extracted cellular lipids
were esterified as mentioned by Ichihara and Fukubayashi
(2010). The ester derivatives were subjected to GC for
determining cellular FA composition. The chromato-
graphic conditions were as mentioned in “Fatty acid
analysis of the blends” section. The data is presented as
Mean £ SD of % FA of the total extracted lipids.

Effect of the blends on inflammatory markers

THP-1 cells were seeded in 24W plates (1 x 10’ cells/
well) and pre-treated with the oils or blends at 250 pg/mL
for 48 h. Cells were stimulated with LPS (25 ng/mL).
Supernatant was collected at 6 h and 24 h for TNFo and
IL-6 estimation respectively. The cytokines were measured
using ELISA microplate reader (BioTech, USA) following
manufacturer’s protocol. The data is represented as fold
change with respect to + LPS.

Determination of nine months storage stability
of the blend

PO20 was selected for the long term storage (nine months)
stability study as it had highest percentage of oxidatively
susceptible FO. During this stability assessment, oils and
blend were kept at room temperature. The stability was
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assessed periodically in terms of peroxide value, acid value
and FA composition by using the methods mentioned in
“Initial physicochemical characterization of the blends”
section. Data is represented as fold change with respect to
initial (0 month) readings.

Statistical analysis

Statistical analyses were done either by the one-way
ANOVA or two-way ANOVA using GraphPad Prism
(version 5.02) software. Significant differences were
determined by Tukey’s Multiple Comparison Test or
Bonferroni posttests. For correlation analysis, Pearson’s
correlation analysis was conducted.

Results and Discussion
Preparation of the blends

Blending of FO with PO was done with the aim to balance
the ®-6:®-3 ratio (LA:ALA) in the blend. Various per-
centages of the FO (5-52%) have been used in the blends
with olive oil, canola oil and sesame oil (Mostafa et al.
2013; Hintze et al. 2016). A higher percentage of PUFA
rich oil in the blend results in lower oxidative stability
(Dean et al. 2011). We prepared the blends containing
20%, 10% and 5% FO (v/v) in PO to achieve ®m-6:®-3
ratios 5:1 or below and to ensure stability of the blends.
Based on percentage of FO in the blend, these blends are
symbolized as PO20, PO10 and POS.

Initial Physico-chemical characterization
of the blends

Fatty acid analysis of the blends by GC-FID

The altered ®-6:®-3 ratios in the blends were confirmed by
GC-FID. Table 1 represents FA analysis for the oils and
their blends. ALA was the major FA in FO, followed by
oleic acid (OA) and LA. For PO, PA was the major FA
followed by OA. PO contained approximately 10% LA, but
no ALA. As expected, as the percentage of FO increased in
the blends, the percentage of ALA increased and that of PA
decreased. These changes in the % of ALA and PA were
statistically significant (p < 0.001) when compared with
the % of ALA and PA in FO or PO respectively. Increase in
ALA was reflected in a decreased LA:ALA ratio. The
lowest LA:ALA ratio (0.98) was achieved in the blend
containing 20% FO (i.e. PO20), while higher ratios of 1.79
and 3.85 were obtained for PO10 and POS respectively.
The decrease in LA:ALA ratio were statistically significant
when compared with PO5 (p < 0.001 PO10 and PO20 vs.

POS5, g: p < 0.05 PO10 vs. PO20). As indicated in the
table, FO was rich in PUFA and as the percentage of FO in
the blends increased PUFA content of the blends also
increased as seen in Saturated FA: Monounsaturated FA:
Polyunsaturated (S:M:P) ratios of the blends. Thus, the data
in Table 1 confirm that blending FO with PO can achieve
desired ®-6:m-3 ratios between 1:1(PO20) to 4:1 (PO5). It
is important to note that even the blend containing 5% FO
provides the acceptable ®-6:m-3 ratio.
Other physico-chemical parameters of the blends

Table 2 represents AV, % FFA, PV and smoke point of the
oils and blends determined immediately after the blend
preparation. AV and FFA indicate quality of oil. AV for
PO and the three blends were in the range of 0.60-0.70. FO
had the lowest AV of 0.46. AV values of 0.4 for PO and
0.21-0.53 for FO have been reported (Ismail 2005;
Symoniuk et al. 2016; Bhardwaj et al. 2015).

Table 2 also shows that the % FFA for the oils and
blends were not significantly different and ranged from
0.20 to 0.25. The % FFA for PO was reported in the range
of 0.04-0.12 (Ismail 2005; Tarmizi and Ahmad 2015;
Tarmizi and Ismail 2008) while Bhardwaj et al. (2015)
have reported % FFA for FO as 0.32. The observed dif-
ferences in these physico-chemical parameters are proba-
bly due to initial quality of raw material, oil extraction
process, storage conditions and duration.

PV indicates primary oxidation levels of the oil. FO
showed the much lower PV (0.40) than the reported values
of 0.98-2.34 (Bhardwaj et al. 2015; Symoniuk et al. 2016).
The lowest PV of FO indicates excellent quality of the FO
used in our study. The literature indicates PV of 0.28-1.3
for PO (Ismail 2005; Tarmizi and Ahmad 2015; Tarmizi
and Ismail 2008). PV for PO and the blends were signifi-
cantly higher than that of FO (p < 0.05). PV for the blends
raised as percentages of FO in the blends increased. Among
the blends, PO20 showed highest PV. This may be because
of oxidative products present in the PO, attacked the
oxidatively susceptible components in the blends.

Smoke point (SP) represents the temperature at which
the oil components break down and are detectable as
smoke. Under most cooking conditions like frying, a
temperature of 180 °C is achieved (Fan et al. 2013). PO
had the highest SP (212 °C), which is consistent with
reports stating SP of 212-220 °C (Tarmizi and Ahmad
2015; Fan et al. 2013). The high SP of PO indicates thermal
stability of PO. Definitely, FO with SP of 103 °C is not
suitable for cooking involving heat. At all percentages of
FO used for the blending, SP dropped from 212 °C to
203 °C. There were no significant differences in SP among
the blends with different percentages of FO but they were
significantly higher than that of FO (p < 0.01) signifying
that blends can be used as cooking oil. Therefore, it can be
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Table 1 Fatty acid composition of the oils and their blends analyzed by GC-FID

FA FO PO PO20 PO10 PO5

Palmitic Acid 6.61 & 0.08° 41.36 + 0.16 33.55 + 0.05¢ 36.73 + 0.33° 39.17 + 0.08°
Stearic Acid 6.59 + 0.07° 3.91 + 0.06* 3.83 & 0.22° 420 + 0.05 3.44 £ 0.68"
Oleic Acid 21.61 + 0.01° 43.83 + 0.01° 38.83 + 0.07¢ 4131 + 0.04° 42.78 + 0.25
Linoleic Acid (LA) 14.47 4+ 0.10° 10.89 & 0.11* 11.78 + 0.04 11.39 + 0.12% f 11.59 + 0.81* F
Alpha Linolenic Acid (ALA) 50.72 £ 0.23° - 12.00 £ 0.16% 6.37 &+ 0.19° 3.01 £0.2°
LA/ALA 0.29 + 0.00% ¢ 0.98 + 0.01% ¢ 1.79 + 0.03¢ 3.85 + 0.02°
S:M:P 1.00:1.64:4.94 1.00:0.97:0.24 1.00:1.04:0.64 1.00:1.01:0.43 1.00:1.00:0.34

The FA composition of the oils and their blends was determined by GC—FID. Two Way ANOVA and Bonferroni Posttests were applied to
determine statistically significant differences between and among different FA present in the oils and blends. S represents total saturated fatty
acids, M represents total monounsaturated fatty acids and P represents total polyunsaturated fatty acids. Different letters in a row represent

statistically significant difference between the means
") < 0.001;"p < 0.01 and &p < 0.05 PO10 versus PO20

Table 2 Characterization of the blends

Oil Parameters (immediately after blending)

AV (mg KOH/g oil)

% FFA (as oleic acid)

PV (milliequivalent O2/ kg oil) Smoke Point (°C)

FO 0.46 + 0.09 0.20 £ 0.01
PO 0.62 £ 0.11 0.26 £ 0.03
PO20 0.69 £ 0.07 0.26 £+ 0.02
PO10 0.65 £ 0.06 0.26 £ 0.03
PO5 0.63 £ 0.03 0.26 £+ 0.01

0.40 £ 0.03 103 + 1.41

1.13 £ 0.11* 212.5 + 3.53°
1.98 £ 0.28%* 203.5 + 2.12°
1.37 £ 0.23* 203 £ 1.41%"
1.12 4 0.13** 203.5 + 2.12°

Acid Value (AV), % Free Fatty Acid (%FFA), Peroxide Value (PV) and Smoke Point(SP) of the blends were determined immediately after the
blend preparation. One—way ANOVA and Tukey’s Multiple Comparison Test was applied to determine statistically significant differences

among the oils and blends.

* and **p < 0.05 versus FO; #p < 0.05 versus PO20; $p < 0.01 versus FO; ™p < 0.01 versus PO

stated that upto 20% FO can be safely accommodated in
PO without disturbing the suitability of PO as a cooking
oil. Thus, Table 2 indicates that blending FO with PO did
not adversely affect the studied physico-chemical proper-
ties of acid value, rancidity, primary oxidation level and
smoke point.

Evaluation of effect of heating the blends on various
chemical parameters

Heating deteriorates quality of the oil as it results in the
formation of primary and secondary oxidation products.
K>3, represents oil deterioration in terms of hydroperox-
ides, conjugated dienes and carboxylic compounds
while K,¢g represents additional oxidation of the products
from Kj3, (Malvis et al. 2019). Tables 3 and 4 show
changes in K;3, and Kygg values respectively upon heating
the oils and blends at 180 °C upto 240 min. As shown in
Table 3, initial K,3, value for FO was significantly lower
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than that for PO. However, heating FO at all the four time
points showed the significant increase in K,3, values when
compared with the unheated (0 min) FO (p < 0.001). In
contrast, there was no statistically significant increase in
K>3, values across all the time points for PO. POS showed
statistically significant increase in K3, only when heated
for the longest duration of 240 min (p < 0.001), whereas
PO10 and PO20 blends showed significant increase in K3,
when heated for a shorter duration of 120 min.

As seen in the Table 4, FO had significantly low Kjgg
compared to PO and blends (@: p < 0.001). All oils/blends
showed statistically significant rise in the Kjysg when
compared with 0 min value ($: p < 0.001) but percent
change was different for individual oil/blend. Highest
percent change (increase) was seen for FO (0 and
240 min). Percent change in the K,¢g values were in order
FO > PO20 > PO10 > PO5 > PO when compared with
initial value (0 min) for the respective oils or blends. When
compare with PO, percent changes were not significantly
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E :al:i'sg"’ofgzcéifsf;I‘l’;‘b“l‘e“r‘l’é‘: . Oil/Blend 0 min 60 min 120 min 180 min 240 min

180 °C on Ko, FO 1.71 £ 0.01€ 2.73 + 0.05° 3.52 £ 0.04° 3.68 + 0.02° 3.76 + 0.03°
PO 3.36 £ 0.02 2.63 =+ 0.02* 3.65 £ 0.02 3.98 + 0.02 3.46 £ 0.02
PO20 277 £ 0.02 3.24 + 0.01 3.73 + 0.02* 4.65 &+ 0.02° 5.18 & 0.03°
PO10 242 + 0.03% 2.67 £ 0.02 4.01 + 0.03° 3.63 + 0.02° 416 + 0.02°
PO5 2.95 + 0.01 2.71 + 0.02 3.43 + 0.06 3.56 + 0.02 4.65 + 0.01°

The K;3;, values were determined for oils/blends before and after heating at 180 °C for above mentioned
time points. Two Way ANOVA and Bonferroni Posttests were applied to determine statistically significant

differences. Different letters represent statistically significant difference between the means

$p < 0.001 versus 0 min; ®p < 0.001 versus PO and *p < 0.05 versus 0 min; *p < 0.01 versus 0 min and

%p < 0.01 versus PO

Table 4 Effect of continuous

heating of the oils and blends at 0 min 60 min 120 min 180 min 240 min

180 °C on K FO 0.20 + 0.01€ 1.00 + 0.03° 1.73 + 0.05° 243 + 0.02% 2.79 £ 0.04%
PO 0.70 £ 0.02 1.01 + 0.02° 1.47 + 0.08° 1.62 + 0.05° 1.41 + 0.12%
PO20 0.49 + 0.04 0.95 + 0.09° 1.11 + 0.08° 1.39 + 0.04°% 1.59 + 0.08%
PO10 0.51 + 0.03 0.87 + 0.06° 1.29 + 0.09° 1.19 + 0.05° 1.37 + 0.08°
PO5 0.59 + 0.01 0.78 + 0.06° 0.96 + 0.04° 1.29 + 0.05° 1.64 + 0.08°

The Kjeg values were determined for oils/blends before and after heating at 180 °C for above mentioned
time points. Two Way ANOVA and Bonferroni Posttests were applied to determine statistically significant
differences. Different letters represent statistically significant difference between the means

$p < 0.001 versus 0 min; @p < 0.001 versus PO and *p < 0.01 versus 0 min

different for PO10 and POS5 but PO20 showed statistically
significant percent change (#: p < 0.01) at 240 min. Per-
cent rise in PO never reached to this significance level.
Effect of heating was confirmed by evaluating PV, pAV,
TOTOX value for O min and 240 min (four hour) heated
oils/blends. Further, Pearson’s correlation coefficient was
used for correlation analysis. While pAV is an indicator for
secondary oxidation in the oil, TOTOX value represents
oxidative state of the oil (primary and secondary oxidation)
(Tarmizi and Ahmad 2015). As shown in the Table 5, when

PV values for oil/blend were compared before and after
heating, only FO showed statistically significant rise (#:
p < 0.01) but statistically significant rise was seen in all
oils/blends when pAV and TOTOX values were compared
before and after heating ($; p < 0.001). Before heating,
there was no statistically significant difference for the
blends and PO for all the parameters. After heating, when
compared with PO, pAV and TOTOX values were signif-
icantly higher for the blends (@: p < 0.001 vs. PO after
heating) but all these parameters were statistically lower

Table 5 Chemical parameters of oils and blends before and after heating at 180 °C for four hour

Oil/ PV before PV after heating PAV before pAV after heating TOTOX TOTOX value after heating
Blend heating (meq heating value before
02/kg oil) (meq O2/kg % % heating %

oil) Change Change Change
FO 040 £ 0.02 1273 +£ 0.75% 3183  0.11 £0.05 227.97 + 16.3% 207,245 091 £0.06 25344 + 17.53% 27,851
PO 1.13 £ 0.08 257 +£012 227 5.57 £ 093 51.57 + 2.84° 926 7.82 £ 0.1 56.71 £ 3.06° 725
P20 1.98 +02 3.37 £ 0.06% 170 472 £ 057 87.15 + 4.13%®% 1846 8.68 + 1.13  93.88 + 4.15%°% 1082
P10 137 +0.16 3.22 £ 0.03% 235 485+ 0.18 7491 + 1.83%®% 1545 759 £ 037 8135 + 1.86%°% 1072
P5 1.12 & 0.09 2.67 £ 0.06% 238 6.11 £ 1.5  67.12 + 2.46%%% 1099 835+ 1.52 7245 +243%°% 68

The chemical parameters were determined for oils/blends before and after heating at 180 °C for 240 min (four hour). Two Way ANOVA and
Bonferroni Posttests were applied to determine statistically significant differences. Different letters represent statistically significant difference

between the means

$p < 0.001 versus before heating; ©p < 0.001 versus PO after heating; *p < 0.01 versus before heating; “p < 0.05 and ¥p < 0.001 versus FO
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than the values for FO except PV for PO20 (%: p < 0.05
and &: p < 0.001 vs. FO after heating). The degree of
deterioration due to heating for FO, PO and blends was also
calculated in terms of % change. The trend of rise in PV,
pAV and TOTOX value after heating the oil was also
reported by Ismail (2005) and Tarmizi and Ahmad (2015).
Thus, the data indicates that the studied parameters were
significantly altered after four hour heating which is similar
to observations for K,3, and Kygg.

From the Table 6, it is very clear that, PV is well cor-
related with pAV, TOTOX value and Kyg3. TOTOX value
is strongly and positively correlated with PV and pAV.
Similar correlation was observed by Giuffre et al. (2018)
when palm oil was heated at 180/220 °C for 120 min. pAV
and Kj,¢g both indicate secondary lipid oxidation in the oil.
These two parameters are very well correlated. Such strong
correlation has been also reported by Jaswir et al. (2005)
where they have used flax seed oil for frying. Thus, oxi-
dation state of the oil (TOTOX value) is well correlated
with PV (primary oxidation) and pAV (secondary oxida-
tion) parameters of oil/blends. The parameters indicating
secondary oxidation of oil/blend are also well correlated.

Thus, all these chemical parameters highlight thermal
instability of FO. PO with initial high chemical parameter
values, did not show significant rise as seen for FO, indi-
cating robust nature of PO. Notably, different blends tol-
erated different durations of the heating before showing
significant deterioration in the form of K;3, and Ky¢g. The
thermal deterioration of the oils/blends was confirmed by
determining pAV and TOTOX value. Though the blends
showed significant changes, these values were always
lower than FO. It is important to note that, the thermal
deterioration accelerated as the percentage of FO in the
blend increased. It is reflected as level of significance and
time required to achieve that significance level. Our data
show that PO imparts some thermal stability to the FO
containing blends.

Table 6 Correlation analysis for various parameters studied

PV pPAV TOTOX value K232 K268
PV 0.966  0.972 0.343  0.885
pAV 0.97 1.00 0.526  0.96
TOTOX value 0.97 1.00 0.511  0.956
K232 034 0526 0511 0.69
K268 0.89 0.96 0.956 0.69

Pearson’s correlation coefficients were determined for various
chemical parameters studied for oils/blends before and after heating at
180 °C for four hour

@ Springer

Biological effects of these blends studied in THP-1
cell line

Effect of the blends on viability

Tables 1-6 showed that the physico-chemical characteris-
tics of the blends confirm to the good cooking oil charac-
terization. Therefore, we further evaluated the biological
effects of these blends using THP-1 cell line. This cell line
is widely used for studies evaluating lipo-toxicity and
inflammation. Although there is data on the effects of PA
and ALA on differentiated THP-1 cells (Wang et al. 2009;
Salehipour et al. 2010), there are no reports on the effects
of palm olein and flaxseed oil blends on viability and
inflammation of THP-1 cells.

Figure 1 shows that adding FO, PO and the blends
(250 pg/mL) for 24-48 h did not significantly affect THP-
Icell viability. Similar data was obtained when lower
concentrations of the oils and blends were added to THP-1
cells (100 and 50 pg/mL; data not shown). Interestingly,
THP-1 cells treated with FO for 72 h, showed a small but
significant increase in viability when compared with PO
(p < 0.05).

A majority of other studies have examined effects of the
free FA on cell viability. Thus, Song et al. (2013) found
that macrophages derived from THP-1 monocytes showed
decreased viability when treated with PA, OA, LA or
eicosapentaenoic acid (EPA) (200 uM for 72 h). However,
the final viability of these macrophages was still above
75%. The observed differences in the viability could be
because of type of lipid used for the treatment (i.e. free FA
vs. triacylglycerol). Overall, our results show that FO, PO
and the blends have no toxic effect on THP-1 cells.
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Fig. 1 Viability of THP-1 cells treated with the oils and blends. THP-
1 cells were treated with and blended oils (250 pg/mL) for 24, 48 and
72 h. At the end of the incubation periods, MTT assay was done to
determine the viability. Data is represented as % viability wrt Control
(C). Two-way ANOVA and Bonferroni Posttests were used for
statistical analysis. *p < 0.05 versus PO
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Fatty acid composition of THP-1 cells treated
with the blends

It is known that treatment of monocytes with a FA results
in enrichment of that particular FA within the cells.
Therefore, FA uptake by THP-1 cells treated with oils or
the blends was evaluated by FA analysis of the cells by
GC-FID. Results in Table 7 show FA levels expressed as a
% of the total lipid extracted from THP-1 cells treated with
the oils or blends. Here, we have identified FA, present in
the oils/blends and major FA acids derived from ALA and
LA. Rest all the FA are collectively termed as ‘Others’.
Both Control (C) and PO treated cells were devoid of ALA.
However, treatment with ALA rich FO resulted in signifi-
cant incorporation of ALA in THP-1 cells compared to C.
Increased percentages of FO in the blends resulted in a
dose dependent increase in ALA incorporation (0.3, 0.62
and 1.33% for POS, PO10 and PO20 respectively), though
these changes were not statistically significant. On the
other hand, treatment of cells with PO or the blends caused
a statistically significant increase in incorporation of OA in
THP-1 cells, while percentages of LA, AA and docosa-
hexaenoic acid (DHA) were not significantly altered. These
observations of significant enrichment of ALA in FO and
OA in PO treated cells, are consistent with published
reports (Zhao et al. 2005; Galella et al. 1993).

Our primary interest was to determine whether the
blends of FO and PO added to the cells, can balance the
intracellular m-6:®-3 ratio (LA:ALA). If we consider the
LA:ALA ratio, we observed that, ratio was decreased from
10.03 (POS) to 3.32 (PO20) (p < 0.01 PO10 and PO20 vs.
POS5). Due to dose dependent increase in %ALA within the

cells, the ratio of LA:ALA lowered as the percentage of FO
in the blend increased. Notably, the ratio of total w-6 FA
(LA + AA) to total -3 FA (ALA + DHA), also showed a
decreasing trend from 3.41(POS) to 2.25 (PO20).

Therefore, the data clearly show that exogenously added
blends of PO and FO can result in a significant, dose
dependent decrease in the ®-6:®-3 (LA:ALA) ratio in
THP-1 cells. To our knowledge, this is the first report to
show that cellular ®-6:m-3 ratio can be favorably altered by
addition of blend containing FO and PO.

Effect of the blends on inflammatory markers

A high ©-6:®-3 ratio results in persistent low grade
inflammation and development of NCD (Johnson and
Fritsche 2012). FO is rich in the ®-3 FA; ALA, which gets
converted into EPA and DHA. All these three FA possess
anti-inflammatory properties (Zhao et al. 2005, 2007). As
the data from Table 7 indicated that exogenously added oils
and the blends can alter the LA:ALA ratio in THP-1 cells,
we studied the effect of these blends on the secretion of
inflammatory markers TNFa and IL-6 by these cells.
Here, Fig. 2a shows that LPS stimulation of THP-1 cells
resulted in increased levels of TNFa. The pre-treatment of
THP-1 cells with FO or the three blends prior to LPS
addition, resulted in the significant decrease in TNFa
levels. Notably, Fig. 2a clearly shows that pre-treatment of
THP-1 cells with PO did not alter TNFalevel. Figure 2b
shows that LPS stimulation resulted in the increased level
of IL-6 in the supernatant (+ LPS) but pre-treatment of
THP-1 cells with either of the oils or blends, did not sig-
nificantly alter IL-6 levels in the supernatant. We did not

Table 7 Fatty acid composition of THP-1 cells treated with the oils and blends

FA C FO PO PO20 PO10 PO5
Palmitic acid 1990 £4.76 16.14 £ 3.74 18.90 £ 0.37 17.18 £ 0.85 16.72 £ 2.74 16.63 £ 2.61
Stearic acid 10.50 £ 2.86  13.62 £ 7.37 8.92 + 1.43 9.68 £ 0.48 9.77 £ 1.47 8.72 £ 0.07
Oleic acid 591 £ 040 9.01 £+ 1.41 15.18 £ 3.06*%** 1491 £ 0.03***  10.39 £+ 2.70 11.61 £ 5.13%*
Linoleic acid (LA) 1.76 + 1.21 3.68 &£ 1.25 330 £ 1.82 4.04 £ 0.72 2.42 £ 0.68 3.00 £ 0.24
Alpha linolenic acid (ALA) - 7.02 £ 38%** 1.33 £ 045 0.62 £ 0.02 0.30 £+ 0.01
Arachidonic acid (AA) 442 £ 1.51 2.61 £ 1.94 381 £ 1.19 3.98 £0.24 4.16 £ 0.97 3.67 £0.24
Docosahexanoic acid (DHA) 1.66 £ 0.09 1.31 £ 043 1.59 £ 047 273 £ 1.46 1.87 £ 0.06 1.66 £ 0.04
Others 55.86 &£ 7.60  46.60 £ 8.51 48.32 + 2.16 46.15 £ 2.79 54.05 £ 7.28 5441 £ 8.17
LA/ALA - 0.52 £ 0.15 332 + 1.67* 3.95 + 1.23*  10.03 + 1.28
(LA + AA)/(ALA + DHA) 3.73 £0.02 0.74 £ 0.31 474 £ 1.80 225 £ 1.18 2.65 £ 0.03 3.41 £ 0.19

THP—1 cells were treated with the oils and blends for 48 h. FAME were prepared after total lipid extraction from the cells and were subjected to
FA analysis by GC—FID. FA present in the oils/blends and major FA acids derived from ALA and LA have been identified. Rest all the FA are
collectively termed as ‘Others’. Data is represented as Mean = SD of %FA of the total extracted lipids. Two—way ANOVA and Bonferroni

Posttests were applied to determine statistical significance

*#*%p < 0.001 versus C; **p < 0.01 versus C and i"‘p < 0.01 versus POS5
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Fig. 2 Effect of the oils and blends on TNFa (a) and IL-6 (b) in THP-
1 cells. THP-1 cells were pretreated with the oils or blends (250 pg/
mL) for 48 h followed by co-incubation with LPS (25 ng/mL) for 6 h
(TNFa) and 24 h (IL-6). Quantitation of TNFa and IL-6 was done in
the cell supernatants by ELISA. Data are presented as fold change

see down-regulation of IL-6 by ALA rich FO pre-
treatment.

Zhao et al. (2005) have reported that PA (major FA in
PO) had no effect on the inflammatory cytokines but ALA
treatment lowers them (TNFa and IL-6). Thus, our data is
consistent with this published report for effect of PO on
TNFo and IL-6. It is also in line with TNFa and ALA pre-
treatment. However, we did not see down-regulation of IL-
6 by ALA rich FO pre-treatment as reported by the authors.

The data is also consistent with human and animal
studies determining effect of FO on inflammatory markers
either in serum or peripheral blood mononuclear cells
(PBMC) obtained from participants. Caughey et al. (1996)
have shown the beneficial effects of ALA, EPA and DHA
in human and that their anti-inflammatory effects are dose
dependent. Similar results are reported by Zhao et al.
(2007). In their study, PBMC isolated from participants in
ALA rich diet group and LA rich diet group were stimu-
lated by LPS. PBMC from ALA rich group showed sig-
nificant down-regulation of TNFo and IL-1f when
compared PBMC from LA rich diet group.

The effect of PUFA on the cytokine production may be
regulated not only by the ®-6:m-3 ratio but also by their
concentrations. Indeed, Hintze et al. (2016) have shown
that in case of LPS induced inflammation in mice, certain
cytokines including TNFa were affected by w-6:»-3 ratio
while certain cytokines like IL-6 were affected by the
concentrations of FA. It is important to note that, pro-in-
flammatory LA and anti-inflammatory ALA compete for
the same set of enzymes for elongation and desaturation.
Thus, in our study possibly the various ratios of ®-6:®-3
achieved by PO and FO blending and lipid mediators
derived from ALA (due to higher affinity towards the
enzymes) are adequate for down-regulating TNFo level but
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wrt + LPS. One-way ANOVA and Tukey’s Multiple Comparison
Test was applied to determine statistically significant differences
among the oils and blends. Bars labeled with different letters have
statistically significant difference (p < 0.01)

their concentrations are not sufficient to show beneficial
effect on IL-6. But we need to confirm role of ALA as
major anti-inflammatory player by studying lipid mediators
of this ®-3 FA in this experimental system.

Nine months storage stability of PO20

The physico-chemical characterization and studies on
THP-1 cells suggest that all the blends were fairly stable at
room temperature as well as elevated temperature. They
had TNFa lowering capacity without any cytotoxic effect
irrespective of percentage of FO present. Therefore, we
conducted nine months storage stability study for the blend
PO20 which had highest percent of oxidatively susceptible
FO. We have analyzed FA composition of PO and PO20
along with determination of PV and AV.

Here, Table 8 represents FA composition of PO and
PO20 stored upto nine months. As seen in the table, there
were marginal changes in FA analyzed including ALA and
LA. There are contradictory results for changes in the FA
composition during storage. Semwal and Arya (2001) have
reported no changes in the FA composition but Gulla and
Waghray (2011) have reported increase in the SFA and
MUFA with simultaneous decrease in PUFA content on
storage. Here, we have seen no change in the FA compo-
sition. This may be because initial quality of the oils used
for the blending especially their moisture content.

Table 9 represents PV and AV at indicated time points.
Table 9 clearly indicates that PV for individual oils and
PO20 increased significantly throughout study period
(»p < 0.001 vs. 0 month). But rise in the PV for FO was
very high (~21 fold) as compared to PO and PO20 (~x4.5
fold rise) by nine months. Fold rise in the PV for PO and
PO20 showed very similar trend indicating addition of FO
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Table 8 Fatty acid composition

of PO and PO20 stored upto FA Oil/Blend 0 month 3rd month 6 month 9th month
nine months at room ALA PO 0.00 & 0.00 0.00 & 0.00 0.00 % 0.00 0.00 £ 0.00
temperature PO20 11.25 + 0.07 11.30 + 0.13 1113 4 0.11 11.08 + 0.04
LA PO 11.08 + 0.04 10.49 + 0.06 11.11 £+ 0.13 11.11 £+ 0.13
PO20 11.15 +£ 0.13 11.71 £ 0.17 1152 £ 0.1 11.53 + 0.08
MUFA PO 44.60 + 0.07 43.645 + 0.06 44.15 + 0.14 4412 + 0.1
PO20 39.30 £ 0.06 38.90 + 0.07 38.93 + 0.07 38.88 + 0.14
SFA PO 4421 + 0.09 45.43 4+ 0.04 44.85 + 0.07 44.85 4+ 0.07
PO20 38.17 £ 0.1 37.78 + 0.04 38.35 + 0.00 38.33 + 0.04

PO and PO20 were stored at room temperature upto nine months. FAME were prepared and subjected to
FA analysis by GC—FID at mentioned time intervals. Data is represented as Mean+SD of % FA of the
total lipids. Two—way ANOVA and Bonferroni Posttests were applied to determine statistical significance

Table 9 Nine months storage

stability study—effect on Oil/Blend 0 month 3rd month 6th month 9th month
peroxide value and acid value Peroxide value (meq 02/kg oil)
PO 1.98 £ 0.0 3.63 £ 0.057%#%%* 5.3 £ 0.0%** 9.26 £ 0.06%**
FO 0.6 £ 0.05 3.3 £ 0.00%#* 5.4 £ 0.1%%* 12.73 £ 0.05%**
PO20 25+£0.0 4.33 £ 0.057%** 7.2 £ 0.0%** 11.43 £ 0.11%%*
Acid value (mg KOH/g oil)
PO 0.89 £+ 0.0 0.89 £ 0.0 0.89 £ 0.0 1.34 £ 0.0%%*
FO 0.48 £+ 0.00 0.75 £ 0.02%** 1.59 £ 0.00%** 2.01 £ 0.03%#%*
PO20 0.89 £+ 0.0 0.89 £ 0.0 0.89 £ 0.0 1.79 £ 0.0%**

PO, FO and PO20 were stored at room temperature upto nine months. Peroxide value and acid value were
determined at mentioned time intervals. Data is represented as Mean+SD of three experiments. Two—way
ANOVA and Bonferroni Posttests were applied to determine statistical significance

*#%¥p< 0.001 versus O month

to the blend has not significantly accelerated peroxidation
when blend was stored at room temperature.

Table 9 also represents AV. Similar to PV, FO showed
gradual and significant rise in the AV (p < 0.001) while
PO and PO20 did not show significant change in the values
until nine month. As seen in case of PV, PO and PO20
followed similar trends but fold rise in AV for PO20 at nine
months was slightly higher than PO. It has been shown
that, keeping oils at room temperature, exposed to light
accelerates the rise in the PV and % FFA (Almeida et al.
2019). Our data is in agreement with this reported data.
Taken together, it might be concluded that, PO offers
storage stability to FO containing blend.

Conclusion

The objective of balancing ®-6 to ®-3 ratio in blend was
accomplished by selecting oil with low ®-6 like PO and
blending with FO which is rich in ®-3 FA, so as to get a -
6 to -3 ratio below 5:1. Physico-chemical characterization
of edible oil or its blend is important to evaluate their

health value and suitability as good cooking oil. The
characterization of the blends indicated that, with blends
containing 20% or lower FO, desired FA profile could be
achieved, especially the LA:ALA ratio. The AV, PV and %
FFA determination confirmed that these values did not vary
drastically from the base oil (PO) used. Smoke Point and
chemical parameters (K,3; and Kyeg, pAV and TOTOX
value) determination assured that these blends were ther-
mally stable up-to certain time during heating. Biological
effects of these blends especially in terms of inflammation
were evaluated in THP-1 cells. Treatment of these blends
resulted into improved LA:ALA ratio in THP-1 cells
without affecting cell viability. Improvement in LA:ALA
ratio was reflected in lower TNFa levels compared to LPS
stimulated THP-1 cells.

The study indicates that even the m6:®3 ratio and con-
centration of ALA achieved by lower percentage of FO
(5%) had favorable effect on inflammation. But the
mechanisms for these observed biological effects need to
be elucidated further along with the expansion of the
studies in the cell lines derived from organs involved in
lipid homeostasis. Finally nine months storage stability
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study indicates that PO could provide oxidative stability to
the blend containing oxidatively vulnerable FO.
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