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Effects of different postharvest storage 
conditions of black cumin seeds on the 

oxidative stability of cold pressed oil

The high peroxide values encountered in black cumin seed oil, even when obtained from 
newly harvested seeds can be closely related to the storage conditions of the seeds. The 
oxidative stability of black cumin seed oil from unroasted and mildly roasted (65°C) seeds 
was evaluated under three different storage conditions; refrigerated at 4°C, shaded and 
exposed to direct sunlight both at room temperature. Seeds were stored in airtight jars 
or tied cloth bags as two different storage materials under these conditions. Storage 
in jars under shaded storage and in cloth bags at refrigeration condition resulted in 
lower free fatty acidity in the oils. Shaded storage showed better results in terms of PV, 
TPC and DPPH (4 months). Refrigerated conditions in cloth bags provided higher values 
of total phenolics and DPPH radical scavenging activity for the unroasted seeds. Mild 
roasting produced oils with lower free fatty acidity, higher amounts of total phenolics 
and stronger DPPH radical scavenging activity, however reduced the oxidative stability. 
A positive correlation was detected between the peroxide values of the oil and the L* 
values of the oil, and a negative correlation with the induction time. Free fatty acidity and 
induction time of the oil obtained from minimally heat-treated seeds showed a strong 
negative correlation. 
Keywords: Black cumin seed oil; Cold pressing; Oxidative stability; Peroxide value; 
Storage conditions 

1. INTRODUCTION
For many years, black cumin seeds (Nigella sativa L.) have been used for 
medicinal and culinary purposes [1]. Black cumin seeds (BCS) contain a high 
amount of oil and have an important place in the formulation of cosmetic 
and dietary supplement products, as well as health and nutrition due to their 
phytochemical content (phenolic and bioactive compounds) [2]. 
Black cumin seed oil (BCSO) is usually extracted by cold pressing, which is 
an inexpensive, safer and simpler process than solvent extraction [3]. Since 
it is unrefined, cold-pressed BCSO contains high amounts of natural antio-
xidants and thymoquinone, which is a main bioactive component of BCSO 
[1,2]. Due to the increasing demand of consumers for safe and native food 
products, cold-pressing has become an alternative to conventional extrac-
tion procedures [1].
Lipid oxidation, which has adverse effects on human health and food qua-
lity, is one of the major causes for the loss of quality characteristics such as 
colour, odour, taste and nutritional value [1]. For this reason, some measures 
should be taken to reduce oxidation and increase the oxidative stability of li-
pid products [4]. Autoxidation and light-sensitive oxidation are responsible for 
the oxidation of edible oils during processing and storage. Due to the crude 
oils obtained after extraction not being processed, phenolic compounds with 
high stability against autoxidation and polar lipids are protected [5]. 
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Considering the results of many studies, it was un-
derstood that BCSO showed peroxide values varying 
between a wide range [6-10]. Notably some literatu-
re data are high in terms of peroxide value [11, 12]. 
We believe that these high peroxide values are due to 
storage conditions of BCS. Accordingly, the effects of 
factors such as storage temperature, storage media 
and packages (light exposure and air) and duration, 
which is thought to cause an increase in peroxide va-
lue of BCSO, were investigated. 
Thus, in this study, BCSs were stored in cloth bags 
and jars under different conditions (refrigerator tem-
perature, shaded at room temperature and directly 
sun exposure). The impact of these storage materials 
and conditions on oxidative stability and some quality 
characteristics of the corresponding oils was exami-
ned. On the other hand, effect of roasting was also 
evaluated with this regard, since roasting is a process 
with important contributions in oil extraction. 

2. MATERIALS AND METHODS 

2.1. BLACK CUMIN SEEDS
BCSs were obtained in a week after harvest in De-
cember 2019 from Konya, Turkiye. BCS (24 kg for 
each replicate) were brought to the laboratory having 
3 replicates for each treatment. Equal batches (1 kg) 
of BCS were packed in two types of storage mate-
rials, sealed airtight jars and tied cloth bags, which 
were stored at three different conditions as 4°C in a 
laboratory refrigerator, shaded and exposed to direct 

sunlight, both at room temperature (Fig. 1). Samples 
were analysed for oxidative stability on months 4 and 
8 of storage time. 
A mild roasting step was included in the experimental 
design for some batches of the stored seeds. For this 
purpose, water with a ratio of 10% of seed weight 
was homogeneously sprayed onto the ground seeds. 
Samples were incubated for 3 h, at 60°C and mixed 
at regular intervals. 

2.2. OIL EXTRACTION FROM SEEDS BY COLD-
PRESSING 

BCSO was extracted using a manual screw press 
extractor (Karaerler NF 500, Turkiye, 1.5 kW pow-
er, 50 kg seed.h-1 capacity, single head, 15 hz rota-
tion speed). The temperature remained below 50°C 
during the extraction. The oils were filled in dark co-
loured glass bottles and kept at +4°C.

2.3. DETERMINATION OF FREE FATTY ACIDITY (FFA) 
AND PEROXIDE VALUES (PV) OF BCSO 

FFA and PV were measured according to practices 
Ca 5a-40 and Cd 8b-90 recommended by AOCS, re-
spectively [13]. PV was given as milliequivalent active 
oxygen per kg of oil (meq O2/kg oil) while FFA was ex-
pressed as a percentage of oleic acid (% oleic acid).

2.4. OXIDATION STABILITY OF BCSO (RANCIMAT 
TEST) 

Oxidative stability stated as the induction time (h) 
was evaluated with an accelerated controlled test 

Table V - Pearson correlation coefficients between the analyzed parameters of oils from unroasted and roasted BCSs

L* Free fatty acids Peroxide value Induction time Total phenolics

un
ro

as
te

d L* 1
Free fatty acids - 1
Peroxide value 0.736** 0.259 1
Induction time -0.784** -0.220 -0.658** 1
Total phenolics - -0.429** - - 1
DPPH-RSA - -0.373* - 0.465** 0.911**

ro
as

te
d

L* 1
Free fatty acids - 1
Peroxide value 0.530** 0.548** 1
Induction time -0.765** -0.702** -0.547** 1
Total phenolics - -0.386* - - 1
DPPH-RSA - -0.676** - 0.378* 0.851**

* and ** indicate significance at p < 0.05 and p < 0.01, respectively

Figure 1 - Flow chart of the process of obtaining oil from BCSs stored at different conditions 
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on Rancimat device (Metrohm Co., Herisau, Switzer-
land). By passing an air flow of 20 L/h from inside 3 
g oil heated at 120°C, volatile degradation products 
were kept in distilled water and the conductivity of the 
water increased [13]. 

2.5. COLOR MEASUREMENT 
The colour of the oils was determined using the Mi-
nolta CR400 (Minolta Co., Osaka, Japan) instrument 
according to the Hunter colour system. Measure-
ments were performed in triplicate [14]. 

2.6. TOTAL PHENOLIC COMPOUNDS (TPC) 
n-hexane (5 mL) and methanol water (10 mL, 80:20, 
v/v) were added to 10 g BCSO and vortexed for 2 
min. The mixture was centrifuged at 3000 rpm for 
5 min and the extract was separated from the lipid 
phase through a separatory funnel. Extraction was 
performed by adding 3 mL of n-hexane and 5 mL of 
methanol water to the oily residue and this procedure 
was repeated. Purified phenolics were concentrated 
in a vacuum evaporator (Heidolph, Hei-Vap Core, 
Germany) at 40°C. The TPC of oil samples was de-
termined by spectrophotometric method described 
previously by Rigane et al. [15]. 

2.7. 2,2-DIPHENYL-1-PICRYLHYDRAZYL RADICAL 
SCAVENGING ACTIVITY (DPPH-RSA) ANALYSIS 

The antioxidant activity was evaluated by measuring 
the radical scavenging effect of BCSO phenolic ex-
tracts towards the DPPH radical [16]. 2 mL of DPPH 
and 0.9 mL of HCl buffer (pH 7.4) solutions were add-
ed to 0.1 mL of the BCSO extracts. The tubes were 
allowed to stand at room temperature for 30 min. 
The change in absorbance was determined at 517 
nm in a spectrophotometer (Biochrom LibraS22, UK). 
DPPH-RSA was calculated as percent inhibition (%) 

with the following formula:
Inhibition % = [(Abscontrol – Abssample) / Abscontrol] × 100.

2.8. STATISTICAL METHODS
The experimental procedure was conducted with th-
ree replications. Analysis of variance (ANOVA) was 
performed using a factorial experiment in a comple-
tely randomised design. Significant differences at 0.05 
level were determined using Duncan’s multiple range 
post hoc experiment. Pearson correlation analysis 
was conducted separately for the oil samples from 
roasted and unroasted seeds (SPSS 16.0 statistical 
software (Chicago, IL, USA). 

3. RESULTS AND DISCUSSION

Regarding the unroasted samples, at the end of 8 
months of storage, free fatty acids were higher in 
sun exposed samples for both in jar and cloth bag 
storage. FFA was lower in cloth bags under refrige-
rated conditions. Lower moisture levels retained in 
cloth bag might have contributed to suppressing 
the FFA formation. The acidity was lower in the jar 
for 4 months of storage; however, it was impossible 
to reach this conclusion for 8 months of storage. In 
other words, a significant increase was detected in 
the samples stored in the jar at the 8th month com-
pared to the 4th month. It can be said that roasting 
provides a slight decrease in acidity in general, which 
was most likely due to moisture loss during roasting 
regarding the stored seeds, but in the case of unsto-
red samples FFA of cold-pressed fresh seed oil was 
lower than the results of unroasted samples (Table I, 
Table II). According to Mazaheri et al. [17], the FFA 
of BCSO was comparatively high owing to the lipase 
activity, which was significantly decreased by pretre-
atments such as microwaving and roasting. For sto-

Table I - Effects of different storages condition on some analytical parameters of oil from unroasted BCSs (mean ± SD, n=3) 

Storage conditions Storage time (month) Free fatty acids 
(% oleic acid) 

Peroxide value 
(meq O2/kg oil) Induction time (h) 

fresh seeds 0 8.72±0.07h† 13.76±0.11f 7.07±0.05a 

Cl
ot

h 
ba

g 

sunlight 
4 11.71±0.36d 18.05±0.52e 4.07±0.28b 
8 12.15±0.08c 29.34±0.20a 3.16±0.26d 

shaded 
4 11.71±0.16d 13.93±0.48g 3.88±0.83bc 
8 11.96±0.04cd 25.26±0.82c 3.33±0.11cd 

refrigerator 
4 10.35±0.10f 19.27±0.69e 3.96±0.45bc 
8 10.57±0.09ef 29.42±0.16a 0.97±0.10f 

Ja
r 

sunlight 
4 11.66±0.15d 25.25±0.54c 4.35±0.16b 
8 14.76±0.44a 29.59±0.34a 2.22±0.27e 

shaded 
4 9.15±0.07g 22.80±1.80d 3.85±0.30bc 
8 10.82±0.22e 26.77±0.25b 2.04±0.32e 

refrigerator 
4 10.49±0.08ef 15.43±0.51f 3.42±0.26cd 
8 12.63±0.39b 29.39±0.67a 1.73±0.20e 

† Small case letters within a column show significant differences between values belong to oils of samples stored at different conditions 
(P≤0.05).  

Table II - Effects of different storages condition on some analytical parameters of BCSO from roasted seeds (mean ± SD, n=3)

Pa
ck

ag
in

g 
m

at
er

ial

Storage conditions Storage time (month) Free fatty acids
(% oleic acid)

Peroxide value
(meq O2/kg oil) Induction time (h) 

fresh seeds 0 8.72±0.07g† 13.76±0.11h 7.07±0.05a

Cl
ot

h 
ba

g

sunlight
4 10.75±0.08e 26.76±0.71bc 3.37±0.10b

8 11.62±0.18cd 28.15±0.37ab 1.71±0.22de

shaded 
4 10.74±0.11e 16.05±0.88g 2.92±0.10c

8 11.90±0.03c 25.09±1.50d 2.06±0.45d

refrigerator
4 11.39±0.08d 20.09±0.18f 3.55±0.20b

8 13.14±0.08a 28.19±0.26ab 0.91±0.06f

Ja
r

sunlight
4 9.04±0.07f 25.19±2.20cd 2.85±0.36c

8 12.41±0.30b 29.29±0.49a 1.49±0.09e

shaded 
4 8.45±0.09g 22.39±0.76e 3.39±0.34b

8 11.85±0.28c 23.02±0.20e 2.00±0.14d

refrigerator
4 8.49±0.21g 16.18±0.05g 3.15±0.27bc

8 11.65±0.30cd 26.22±0.17cd 1.57±0.26de

† Small case letters within a column show significant differences between values belong to oils of samples stored at different conditions
(P≤0.05)
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rage in jars, the refrigerator was superior to the sha-
ded storage with FFA values at levels as low as those 
of oil from the fresh sample. The negative effect of sun 
exposed storage became evident, especially after 8 
months of storage. The hydrolysis and translation of 
triglycerides to free fatty acids during extraction and 
storage occur by hydrolytic reactions caused by the 
lipolytic activity of enzymes [3, 6]. 
The PVs of oils ranged between 15.43-29.59 meq 
O2/kg (Table I). Considering the recommended PV of 
10 meq O2/kg [18] in edible oils, the high PV of BCSO 
even immediately after extraction is attributed to the 
lipoxygenase enzyme activity [17, 19]. On the other 
hand, Ramadan and Mörsel [20] attributed the high 
PV of black cumin oil to its relatively high free fatty aci-
dity. High free fatty acidity increases the solubility of 
oxygen in oil due to the emulsion medium it creates. 
Indeed, also in this study, the free fatty acidity of the 
samples was considerably high with values varying 
between 8.85 and 13.14%. 
For both roasted and unroasted samples, 4 months 
of shaded storage in a cloth bag had a significant 
suppressive effect on the increase of peroxide value 
even ensured that PV of unroasted seeds remained 
at almost the same value as the fresh sample. Howe-
ver, this effect was not observed in samples stored 
in jars. Regarding storage in jars, refrigeration provi-
ded lower peroxide formation compared to the sun 
exposed and shaded storage. These evaluations are 
relevant for the analysis performed on the 4th month, 
as the difference between PVs got closer each other 
at the 8th month. Roasting had no positive effect in 
terms of PV. In fact, in case of storage in cloth bags, 
unroasted samples showed lower PVs compared to 
the roasted samples (4th month values). Consistent 
with this, when the induction time is taken into ac-

count, it is obvious that the time was shorter for the 
roasted samples compared to the unroasted ones. 
A 4-month storage in jars under refrigerated condi-
tions resulted in the lowest PV values. At the end of 
8 months of storage, it was understood that shaded 
storage showed the best values in terms of oxidative 
stability. The induction time decreased gradually with 
increasing storage time (from 4 to 8 months) in oils 
from unroasted and roasted BCS. The lowest induc-
tion time was found in the oils pressed from seeds 
(unroasted and roasted) stored in the refrigerator 
in cloth bags for 8 months. As expected, oxidative 
stability decreased with extended storage time in all 
samples. Even the longest induction time detected in 
oils from stored samples was half the induction time 
of oil from fresh seeds.
At the end of the 8-month storage period, BCSOs 
stored in both jars and cloth bags at refrigerator had 
higher PVs than that of oils of shaded storage and 
oxidised rapidly during Rancimat analysis. However, 
the study of Aidos et al. [21] showed that the lipid 
hydroperoxides formed 3.7 times faster at 0°C than 
at 20°C. Thus, the authors recommend 0°C as the 
best temperature to keep the fish oil. 
It cannot be said that there was a strong relationship 
between peroxide values and induction times. The 
formation of high amounts of hydroperoxides does 
not always mean that high amounts of secondary 
oxidation products will be formed [22]. 
The oxidative stability of oil, which is a safety and 
quality parameter, has an important place for its use 
in food products and potential commercial applica-
tions. OSI, which closely depends on the content of 
antioxidants in oils, basically evaluates the formation 
of oxidation products (primary or secondary) [23]. 
Peroxides that increase during storage, after that are 

Table I - Effects of different storages condition on some analytical parameters of oil from unroasted BCSs (mean ± SD, n=3)

Storage conditions Storage time (month) Free fatty acids
(% oleic acid)

Peroxide value
(meq O2/kg oil) Induction time (h)

fresh seeds 0 8.72±0.07h† 13.76±0.11f 7.07±0.05a

Cl
ot

h 
ba

g

sunlight
4 11.71±0.36d 18.05±0.52e 4.07±0.28b

8 12.15±0.08c 29.34±0.20a 3.16±0.26d

shaded
4 11.71±0.16d 13.93±0.48g 3.88±0.83bc

8 11.96±0.04cd 25.26±0.82c 3.33±0.11cd

refrigerator
4 10.35±0.10f 19.27±0.69e 3.96±0.45bc

8 10.57±0.09ef 29.42±0.16a 0.97±0.10f

Ja
r

sunlight
4 11.66±0.15d 25.25±0.54c 4.35±0.16b

8 14.76±0.44a 29.59±0.34a 2.22±0.27e

shaded
4 9.15±0.07g 22.80±1.80d 3.85±0.30bc

8 10.82±0.22e 26.77±0.25b 2.04±0.32e

refrigerator
4 10.49±0.08ef 15.43±0.51f 3.42±0.26cd

8 12.63±0.39b 29.39±0.67a 1.73±0.20e

† Small case letters within a column show significant differences between values belong to oils of samples stored at different conditions
(P≤0.05). 

 
Table II - Effects of different storages condition on some analytical parameters of BCSO from roasted seeds (mean ± SD, n=3) 

Pa
ck

ag
in

g 
m

at
er

ial
 

Storage conditions Storage time (month) Free fatty acids 
(% oleic acid) 

Peroxide value 
(meq O2/kg oil) Induction time (h) 

fresh seeds 0 8.72±0.07g† 13.76±0.11h 7.07±0.05a 

Cl
ot

h 
ba

g 

sunlight 
4 10.75±0.08e 26.76±0.71bc 3.37±0.10b 
8 11.62±0.18cd 28.15±0.37ab 1.71±0.22de 

shaded 
4 10.74±0.11e 16.05±0.88g 2.92±0.10c 
8 11.90±0.03c 25.09±1.50d 2.06±0.45d 

refrigerator 
4 11.39±0.08d 20.09±0.18f 3.55±0.20b 
8 13.14±0.08a 28.19±0.26ab 0.91±0.06f 

Ja
r 

sunlight 
4 9.04±0.07f 25.19±2.20cd 2.85±0.36c 
8 12.41±0.30b 29.29±0.49a 1.49±0.09e 

shaded 
4 8.45±0.09g 22.39±0.76e 3.39±0.34b 
8 11.85±0.28c 23.02±0.20e 2.00±0.14d 

refrigerator 
4 8.49±0.21g 16.18±0.05g 3.15±0.27bc 
8 11.65±0.30cd 26.22±0.17cd 1.57±0.26de 

† Small case letters within a column show significant differences between values belong to oils of samples stored at different conditions 
(P≤0.05)  
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transformed into secondary oxidation products (such 
as alcohol, aldehyde, ketone). During the oxidation 
of fat and oil, sudden oxidation, i.e., the propagation 
period, occurs after the induction period once the an-
tioxidants in food have been consumed during the 
induction period [24]. When the results of induction 
time and phenolic content are examined, it can be 
said that there is a relationship among these data. 
Phenolic compounds are able to delay lipid oxidation 
as they are effective antioxidants [25]. 
The TPC of the oils increased with the roasting pro-
cess (Table III, Table IV). Roasting is known to increa-

se the phenolic content and antioxidant activity of the 
oil [26]. TPCs of oils of unroasted samples were in the 
range of 2730.83 and 4751.01 mg GAE/kg oil. After 4 
months of storage, lower levels of TPC were detected 
in the samples stored in the refrigerator than those 
exposed to the sun and shade. However, contrary to 
this situation, phenolic values were found to be hi-
gher in samples stored under refrigerated conditions 
after 8 months compared to 4 months (in all storage 
materials and conditions). The increase in TPC with 
storage can be explained by the breakdown of com-
plex phenolic compounds in oils into simple phenols 

Table III - Effects of storage on total phenolics and DPPH radical scavenging activity of oils from unroasted BCSs (mean ± SD, 
n=3) 

Pa
ck

ag
in

g 
m

at
er

ial
 

Storage conditions Storage time 
(month) 

Total phenolics 
(mg GAE/kg oil) 

DPPH-RSA 
(% inhibition) 

fresh seeds 0   4410.41±88.60ab† 69.81±1.61a 

Cl
ot

h 
ba

g 

sunlight 
4 3088.38±42.01e 50.07±1.33d

8 2808.31±16.12g 38.67±0.59h 

shaded 
4 3156.98±20.88d 50.44±1.00d 
8 2965.70±41.75f  38.81±1.09h 

refrigerator 
4 2785.71±54.57gh 40.04±1.71gh 
8 3648.51±55.55c  47.33±0.68e 

Ja
r 

sunlight 
4 4751.01±43.94a 66.93±0.46b 
8 2730.83±17.01h  38.41±0.76h  

shaded 
4 4142.45±56.54b 57.33±0.78c 
8 3591.20±51.15c  43.63±1.48f 

refrigerator 
4 2838.98±24.21g 41.15±1.01g 
8 2807.34±12.43g 36.33±1.46ı 

† Small case letters within a column show significant differences between values belong to oils of samples stored at different conditions 
(P≤0.05).  

Table IV - Effects of storage on total phenolics and DPPH radical scavenging activity (DPPH-RSA) of oils from roasted BCSs
(mean ± SD, n=3)

Pa
ck

ag
in

g 
m

at
er

ial

Storage conditions Storage
(month)

Total phenolics (mg 
GAE/kg oil)

DPPH-RSA
(% inhibition)

fresh seeds 0 4410.41±88.60b† 69.81±1.61a

Cl
ot

h 
ba

g

sunlight
4 3403.95±20.16g 52.78±1.17c

8 3111.78±53.34i 39.48±1.11fg

shaded
4 4215.90±40.61d 59.96±1.19b

8 3180.39±32.03h 39.52±1.48fg

refrigerator
4 3071.43±25.28i 41.48±1.07f

8 4365.21±49.88c 48.70±1.58de

Ja
r

sunlight
4 4992.33±53.34a 75.63±1.49a

8 3043.18±42.79i 38.93±1.54g

shaded
4 4653.35±46.09b 60.81±1.57b

8 3524.21±24.21f 39.89±0.56fg

refrigerator 4 3184.42±32.96h 50.70±1.51cd

8 3685.63±32.52e 47.70±1.52e

† Small case letters within a column show significant differences between values belong to oils of samples stored at different conditions
(P≤0.05). 

Table III - Effects of storage on total phenolics and DPPH radical scavenging activity of oils from unroasted BCSs (mean ± SD,
n=3)

Pa
ck

ag
in

g 
m

at
er

ial

Storage conditions Storage time
(month)

Total phenolics
(mg GAE/kg oil)

DPPH-RSA
(% inhibition)

fresh seeds 0 4410.41±88.60ab† 69.81±1.61a

Cl
ot

h 
ba

g 

sunlight
4 3088.38±42.01e 50.07±1.33d

8 2808.31±16.12g 38.67±0.59h

shaded 
4 3156.98±20.88d 50.44±1.00d

8 2965.70±41.75f 38.81±1.09h

refrigerator
4 2785.71±54.57gh 40.04±1.71gh

8 3648.51±55.55c 47.33±0.68e

Ja
r

sunlight
4 4751.01±43.94a 66.93±0.46b

8 2730.83±17.01h 38.41±0.76h

shaded 
4 4142.45±56.54b 57.33±0.78c

8 3591.20±51.15c 43.63±1.48f

refrigerator
4 2838.98±24.21g 41.15±1.01g

8 2807.34±12.43g 36.33±1.46ı

† Small case letters within a column show significant differences between values belong to oils of samples stored at different conditions
(P≤0.05). 

Table IV - Effects of storage on total phenolics and DPPH radical scavenging activity (DPPH-RSA) of oils from roasted BCSs 
(mean ± SD, n=3) 

Pa
ck

ag
in

g 
m

at
er

ial
 

Storage conditions Storage 
(month) 

Total phenolics (mg 
GAE/kg oil) 

DPPH-RSA 
(% inhibition) 

 fresh seeds 0 4410.41±88.60b† 69.81±1.61a 

Cl
ot

h 
ba

g 

sunlight 
4 3403.95±20.16g 52.78±1.17c 
8 3111.78±53.34i 39.48±1.11fg 

shaded 
4 4215.90±40.61d 59.96±1.19b 
8 3180.39±32.03h 39.52±1.48fg 

refrigerator 
4 3071.43±25.28i 41.48±1.07f 
8 4365.21±49.88c 48.70±1.58de 

Ja
r 

sunlight 
4 4992.33±53.34a 75.63±1.49a

8 3043.18±42.79i 38.93±1.54g 

shaded 
4 4653.35±46.09b 60.81±1.57b 
8 3524.21±24.21f 39.89±0.56fg 

refrigerator 4 3184.42±32.96h 50.70±1.51cd 
8 3685.63±32.52e 47.70±1.52e 

† Small case letters within a column show significant differences between values belong to oils of samples stored at different conditions 
(P≤0.05). 
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[7]. For both the roasted and unroasted samples, the 
highest TPC values (4142-4992 mg GAE/kg oil) were 
determined in the oils of seeds stored under sun and 
shade for 4 months in the jar. Additionally, high values 
were determined for the roasted samples in cloth bags 
after 4 months in the shade and 8 months in the refri-
gerator (4213 and 4365 mg GAE/kg oil, respectively). 

All these high values are close to the value detected 
in fresh seeds on average. BCSOs from the seeds ex-
posed to sun contained the lowest levels of total phe-
nolics. Hydrolytic activities and oxidation are probably 
caused by temperature, oxygen and enzymes during 
storage that leads to a decrease in phenolic concen-
tration. TPC, which is a significant quality parameter 

Figure 2 - Effects of the storage conditions on color indices of BCSO from unroasted and roasted seeds (mean ± SD, n=3).  

L* 

a* 

b* 
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especially as an antioxidant in oil, has nutritional and 
organoleptic properties [7]. It has been indicated that 
BCSO is a rich source of polyphenols, which possess 
antihydrolytic effect and antioxidant activity [27]. To-
tal phenolic component content of BCSO was found 
2-3.5 times higher in the present study compared to 
that reported by Lutterodt et al. [1] (1.02-1.40 mg /g). 
This difference may be due to the variety of seeds, 
growing conditions, and methods and conditions of 
obtaining both the oil and the phenolic extract. 
In a study in which various cooking oils were expo-
sed to heat and light, it was reported that the change 
in peroxide values differed according to the oil [28]. 
While this conversion was reported to be fast in oli-
ve oil and rapeseed oil it was slower in sunflower 
oil and safflower oil as the conversion began when 
the hydroperoxide concentration reached a certain 
amount [22]. Likewise, the rate of hydroperoxides for-
mation was different for walnut, linseed and rapeseed 
oils in the study of Guillén and Ruiz [29]. The diffe-
rence between the conversion of primary oxidation 
products to secondary oxidation products from oil to 
another oil was attributed to the degradation rate of 
acyl groups which is closely related to the formation 
and degradation of primary and secondary oxidation 
compounds and the nature and evolution of these 
products. In addition to the degree of unsaturation of 
these oils, they stated that different behaviours were 
observed in their oxidation due to the difference in 
the minor components they contain. For instance, it 
has been previously shown that tocopherols are more 
effective in delaying the formation of hydroperoxides 
than carbonyls. It was stated that total polar com-
pounds and phenolic compounds, rather prevent the 
formation of off-flavour, that means delay in secon-
dary oxidation [30]. BCSO is rich in linoleic and oleic 
acids and contains high amounts of unsaponifiable 
elements. Tovar et al. [31] did not detect a direct cor-
relation between phenolic compounds and oxidative 
stability in some oils examined in their study. It was 
suggested that stability in oils was not related to total 
phenolics but to some major phenolic compounds. 
Similarly, Lutterodt et al. [1] samples with the highest 
phenolic content showed the lowest oxidative stabi-
lity. Therefore, they stated that phenolic components 
partially affect oil stability. 
The DPPH inhibition rate results were in line with the 
concentrations of total phenolics. As shown in Table 
III, oils from stored seeds exhibited lower DPPH-RSA 
than the oil of fresh seeds. Roasting of the seeds 
resulted in higher DPPH-RSA in the pressed oils. In 
this respect, higher activity was obtained with stora-
ge in a jar than with storage in a cloth bag, except 
for samples stored in the refrigerator for 8 months. 
For both unroasted and roasted BCSOs, the highest 
DPPH-RSA was observed in oils from seeds stored in 
cloth bags at room temperature and in jars exposed 
to sunlight for 4 months. Storage for 4 months pro-
duced higher DPPH-RSA than 8 months of storage 

(except for storage in the cloth bag under refrigerated 
conditions). Roasting revealed higher DPPH-RSA in 
BCSOs mostly overall storage conditions, so that it 
was also mentioned above that roasting resulted in 
higher TPC in the oils. Liang et al. [32] reported that 
the RSA increased in BCSs when the time of hea-
ting was prolonged. Lutterodt et al. [1] reported that 
DPPH-RSA may vary depending on the seed variety 
and growing conditions of BCSs and was significantly 
affected by seed storage and processing practice. 
At the end of 8 months of storage, L* values increa-
sed compared to 4 months of storage. This means 
there was some lightening of the colour. Roasting did 
not show any significant effect on the L* values (Fig. 
2). The L* values of the seeds stored for 4 months un-
der all packaging and ambient conditions were lower 
than those of the oil obtained from the fresh sample. 
The highest L* values were determined at samples 
stored in jars for 8 months exposed to sunlight which 
were similar to the L* values of fresh seed oil (the free 
acidity of these samples was also higher than the 
others). Although this phenomenon was the same for 
roasted and unroasted seeds, slightly higher L* va-
lues were obtained for the unroasted samples. 
Regarding the roasted samples, there was an incre-
ase in the a* values (more redness) of the samples 
stored in cloth bags, and decrease (less redness) in 
those stored in jars (regarding all storage conditions) 
after 8 months compared to 4 months. a* values ​​of 
the unroasted seed oils were closer to that of fresh 
seed oil, however the oils of unroasted seeds sto-
red in a cloth bag under sun or shade showed hi-
gher a* values compared to fresh seed oil. Likewise, 
8 months storage in the cloth bag resulted in higher 
a* values in the oils of roasted seeds. Lower b* values 
were measured in stored samples compared to fresh 
seed oil. Storage in cloth bags resulted in lower b* 
values for both roasted and unroasted seeds, althou-
gh roasted seed oils had even lower values. In all the 
three conditions, the oils of roasted seeds stored in 
jars had b* values equivalent to the fresh seed oil. 
Both roasted and unroasted samples showed lower 
b* (more yellowness) values at the 8th month compa-
red to the 4th month when stored in cloth bags, and b* 
values increased as the storage progressed when the 
seeds were stored in jars. The oils from seeds stored 
in jars had significantly higher b* values than those 
from seeds stored in cloth bags, indicating a decrea-
se in red colour. Roasting had a clear impact on the a* 
and b* values of BCSOs stored in cloth bags, at room 
temperature and under sunlight. A similar effect was 
also seen in the study of Suri et al. [33]. 
A positive relationship was detected between the pe-
roxide value and the L* value of the oil, especially for 
unroasted samples (Table V). Consistent with this, a 
significant negative correlation was observed betwe-
en the L* value and the induction time. The results 
showed that the oxidation products released during 
oil storage affected the darkening of the colour of the 
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oil. Data obtained especially in roasted seed oil sho-
wed positive correlations between free fatty acids and 
peroxide number and strong negative correlations 
between induction time. The increased formation of 
oxidation products due to the mild roasting process 
may have caused a significant correlation; in contrast 
no significant correlations were seen at this level for oil 
from unroasted seeds. There was also dependency 
of the increase in free fatty acidity and the decrease 
in DPPH-RSA which can probably be attributed to 
the fact that free fatty acids have emulsifying proper-
ties, making the extraction of antioxidant compounds 
with hydrophilic and lipophilic characters difficult. The 
strong positive correlations between DPPH-RSA and 
the induction time along with DPPH-RSA and total 
phenolics content were expected results.

CONCLUSIONS

The quality and functional properties of the oil 
were negatively affected when storage exceeded 4 
months. Storage in a cloth bag under shaded condi-
tions resulted in higher oxidative stability, confirmed 
by lower a peroxide value and prolonged induction 
time. Under shade, storage in jars is recommended 
for lower free fatty acidity in the oil. Additionally, if the 
seeds are stored unroasted under refrigerator condi-
tions, the cloth bag has an advantage over the jar due 
to lower free fatty acid increase during storage and 
higher oxidative stability. However, in general, both 
total phenolic content and DPPH radical scavenging 
activity were lower in oils obtained from seeds stored 
in cloth bags. Minimal roasting of the seeds increased 
the peroxide value of the oil from the seeds stored in 
cloth bags and shortened the induction time. Sun ex-
posure during storage showed the most notable neg-
ative effects on free fatty acidity and peroxide value. 
Correlation analysis revealed a positive relationship 
between increased oxidation in the oil and darkening 
of the oil color. The free fatty acidity of the oil and the 
induction time exhibited strong negative correlation 

due to the increased formation of oxidation products 
with mild roasting. 
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