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Abstract:

This study was designed to determine the effect of cumin oil as
antioxidant on the chemical properties of stored sunflower oil. The
study is complementary to a previous study in which cumin oil was
used to demonstrate its effect on fried sunflower oil. Two samples of
sunflower oil were subjected to chemical tests before and after the
addition of cumin oil. In addition, four equal samples in volume of
sunflower oil were prepared and then the following steps were made,
nothing on the first sample, the second sample was transformed into a
water bath at the boiling point for 20 min, to the third sample cumin
oil added, and in the fourth both process addition and boiling
occurred. Also two of fried sun flower oil of taameia and fish was
prepared in the same above volume after purification and
filtration, after that to both samples cumin oil was added separately.
The six samples were then transferred to a storage environment similar
to that in the local market in Shendi area for a period of time from 10
October 2017 to 10 April 2018. At the end of storage the samples were
investigated to assess their chemical properties. The results showed a
difference in the values of the properties, where there was a clear
decrease in the values of peroxide and acidity, while an increase in the
saponification value was observed and this may be attributed to
antioxidant compounds in cumin oil, reaction between hydroxyl group
compounds of cumin with acid groups of sample oil which lead to
decline carboxyl groups in oil, and could be due to increase of ester
formation result from previous reactions respectively for three chemical
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properties. In addition, the investigations resulted in a clear reduction
in the peroxide value of the mixtures oil compared with pure sunflower
oil and unexpectedly for the temperature, the boiling of fresh and
mixture oil before storage had appeared a decrease in peroxide value.

Key words: Cumin, Spices, Antioxidant, Peroxide, Saponification,
Taameia

1. INTRODUCTION:

Oxidation of fats and oils is an important indicator for performance
and shelf life of oils [1]. The oxidation process is complex, dependent
on the light intensity and temperature. In the first stage it is formed
hydro peroxides, peroxides, and then polymers of peroxides [2].
Oxidative stability of oils is the resistance to oxidation during
processing and storage [3]. Resistance to oxidation can be expressed
as the period of time necessary to attain the critical point of oxidation,
whether it is a sensorial change or a sudden acceleration of the
oxidative process [4]. Oxidative stability is an important indicator to
determine oil quality and shelf life [5] because low-molecular-weight
off-flavor compounds are produced during oxidation. The off-flavor
compounds make oil less acceptable or unacceptable to consumers or
for industrial use as a food ingredient. Oxidation of oil also destroys
essential fatty acids and produces toxic compounds and oxidized
polymers. Oxidation of oil is very important in terms of palatability,
nutritional quality, and toxicity of edible oils.

An antioxidant 1is any substance, present at low
concentrations compared to oxidizable substrate; significantly
preventing or delaying the oxidation of the substrates [6]. Food
antioxidant is specially formulated to prevent or retard oxidation of
oxidizable materials such as fats [7]. Free radicals produced by
oxidation reactions can start chain reactions that lead to further
oxidation by chain reaction. Antioxidants terminate these chain
reactions by removing free radical intermediates and inhibit other
oxidation reactions by themselves being oxidized [8]. Antioxidants act
as "free radical scavengers" and thereby prevent damage done by
these free radicals. Food components such as lipids are very
susceptible to oxidation, which results in detrimental changes to the
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color, odor and nutritive value of the food products. Antioxidants
prevent such changes by retarding or slowing down the process of
oxidation or rancidity [9].

The peroxide value (PV) is applicable for monitoring the
formation of peroxides in the early stages of oxidation. During
oxidation the peroxide value may reach a maximum and then
decreases [10]. Variations of peroxide value can arise from different
factors such as the degree of unsaturation of the fatty acids present in
the particular oil, storage, exposure to light, and the content of metals
or other compounds that may catalyze the oxidation processes [11].
Recommended limits that have been set for the quality oils are:
peroxide value less than 3 when the oil leaves the factory, less than 5
after the bottle it’s open and less than 10 in use. Generally, the values
are substantially lower than that. PV is used only in the case of oil
that is not rancid [12].

The saponification value (SV) is the number of mg of
potassium hydroxide required to saponify 1 gram of oil/fat. The
saponification value is an index of mean molecular weight of the fatty
acids of glycerides comprising a fat. Lower the saponification value,
larger the molecular weight of fatty acids in the glycerides and vice-
versa. Kirk and Sawyer [13], reported that high saponification values
of fats and oils are due to the predominantly high proportion of
shorter carbon chain lengths of the fatty acids. Higher saponification
value for triglyceride indicates higher medium chain fatty acids [14].
Saponification values have been reported to be inversely related to the
average molecular weight of the fatty acids in the oil fractions [15]. In
combination with acid values; saponification values are useful in
providing information as to the quantity, type of glycerides and mean
weight of the acid in a given sample. The saponification value of oils is
of interest if the oil is going to be used for industrial purposes [16].

The acid value (AV) is defined as the number of milligrams of
potassium hydroxide required to neutralize the free fatty acids
present in one gram of fat. It is a relative measure of rancidity as free
fatty acids are normally formed during decomposition of oil glycerides.
The value is also expressed as per cent of free fatty acids calculated as
oleic acid [17]. Acid value of oil is defined as the number of milligrams
of potassium hydroxide required to neutralize the free fatty acid in 1g
of sample and the results is often expressed as the percentage of free
fatty acids. It can be determined by directly titrating the oil material
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in an alcoholic medium with aqueous sodium or potassium hydroxide
solution. Cooking oils can undergo either hydrolytic or oxidative
rancidity. Acid value is also explained as a measure of the extent to
which glycerides in the cooking oil are decomposed by lipase enzyme
(hydrolytic rancidity) or by the action of heat or light which is
accompanied by the formation of free fatty acid [18]. Vegetable oils are
produced from plant seeds, commonly used for frying, baking and
other types of cooking. Acidity is a measure of the extent to which
vegetable cooking oil has been decomposed by action of light and
other action of oxygen, heat, water and other impurities like heavy
metals, lead and copper. The decomposition of vegetable cooking oil
brings about rancidity that means the vegetable cooking oil having
unpleasant smell, taste or flavor. Rancidity is the process by which a
substance to become having a rank, unpleasant smell or taste [19].
The free fatty acids (FFA) released during the rancidity process can
smell unpleasant and allow free radical to form in the human diet,
harming body cells and increase the risk of degenerating diseases
such as Cancer, Diabetes, Alzheimer's diseases and Atherosclerosis, a
condition in which artery walls thicken due to build up of fatty
materials [20]

Spices are an important bionutrients for both food ingredients
and nutritional supplement. From ancient times, spices have been
used as food additives to enhance the taste and be flavor of food [21].
The term ‘spice’ originated from the Latin word ‘species’, meaning of
specific kind. A closely related term, ‘herb’, is used to distinguish
plant parts finding the same uses but derived from leafy or soft
flowering parts [22]. The essential oils in spices are generally
composed of hydrocarbons (terpene derivatives) or terpenes (e.g., a-
terpinene, a-pinene, camphene, limonene, phellandrene, myrcene, and
sabinene), oxygenated derivatives of hydrocarbons (e.g., linalool,
citronellol, geraniol, carveol, menthol, borneol, fenchone, tumerone,
and nerol), benzene compounds (alcohols, acids, phenols, esters, and
lactones) and nitrogen- or sulfur-containing compounds (indole,
hydrogen sulfide, methyl propyl disulfide, and sinapine hydrogen
sulfate) [23]. The ratio of volatiles to non volatiles varies among spices
causing flavor similarities and differences within a genus and even
within a variety [24].

The scientific name of Cuminum cyminum L. (cumin) referred
to as Cuminum odorum Salisb and belonging to the Apiaceae family.
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The Apiaceae family is a collection of typically aromatic plants having
hollow stems and the well known members of this family are anise,
asafoetida, caraway, carrot, celery, coriander, cumin, dill, fennel,
parsley, parsnip, and sea holly [25]. Cumin seeds contain numerous
phytochemicals that are known to have antioxidant, carminative and
antiflatulent properties. The seeds are an excellent source of dietary
fiber [26,27]. Cumin is popular as culinary spice and used in folklore
therapy because the presence of aromatic substances in the herb.
Cumin comes under the category of traditional spice from middle
ages. It was too much popular, because of its peppery flavor [28].

In traditional medicines, cumin was a major component of
curry and chili powder that was used to flavor a variety of commercial
food products. Cumin has also been crushed and mixed with foods
such as fish and meat, and the seeds sprinkled on bread and cakes.
The oil, derived by steam distillation, is used to flavor alcoholic
beverages, desserts, and condiments. It is also used as a fragrant
component of creams, lotions, and perfumes. Cumin has been used as
anti-inflammatory, diuretic, carminative, and antispasmodic,
treatment of toothaches and epilepsy and also as an aid for treating
dyspepsia, jaundice, diarrhea, flatulence, and indigestion [29]. Cumin
is an aromatic herb and an astringent that benefits the digestive
apparatus. It has been used in the treatment of mild digestive
disorders as a carminative and eupeptic, as and astringent in bronco
pulmonary disorders and as a cough remedy, as well as an analgesic
[30]. The essential o0il of cumin seeds has shown a significant
antibacterial activity against K. pneumoniae in vitro [31].

The most important chemical component of cumin fruits is
essential oil content, ranging from 2.5% to 4.5% which is pale to
colorless depending on age and regional variations. Studies of the
chemical composition of cumin oil from different countries showed the
presence of the following components: a-pinene (0.5%), Myrcene
(0.3%), limonene (0.5%), 1-8-cineole (0.2%), p-menth-3-en-70l (0.7%),
p-mentha-1, 3-dien-7-ol (5.6%), caryophyllene (0.8%), B-bisabolene
(0.9%), B-pinene (13.0%), P-cymene (8.5%), B-phellandrene (0.3%), D-
terpinene (29.5%), cuminic aldehyde (32.4%), cuminyl alcohol (2.8%),
B-farnesene (1.1%) together with much smaller quantities of a-
phellandrene, aterpinene, cis and trans sabinene, Myrtenol, a-
terpineol and phellandral. In addition to volatile oil cumin also
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contains nonvolatile chemical components including tannins,
oleoresin, mucilage, gum, protein compounds and malates [32].

The cumin seeds contain aldehyde (60%) fats, amino acids,
flavonoids and glycosides (22%), volatile oil (2-5%) and the yellow
colored fresh oil contains cuminaldehyde as its chief component [33].
The cumin fruit contains resin, fatty matter, gum, lignin, protein
bodies and salts, largely composed of malates, extractive, and volatile
oil. After the separation, a plenty number of phenolic compounds are
identified in cumin fruits that includes phenolic acids, flavonoids,
phenolic diterpenes, that are closely associated with their antioxidant
activity and play an important role in inhibiting lipid peroxidation
and various types of oxidizing enzymes [34]. The essential oil of cumin
contains high levels of phenolic compounds, mainly cumin aldehyde,
and para-cymene. The antioxidant activity of b-pinene, p-cymene, g-
terpinene, cuminaldehyde and cumin oils [35]. The two standard
active constituent of cumin such as cuminaldehyde and para-cymene
have used to protect liver against oxidative stress and disease by
increases the enzyme activities and malondialdehyde. Cuminaldehyde
(4 - isopropyl benzaldehyde) is an aromatic monoterpenoid volatile
compound [36].

The cumin oils have high antioxidant activity due to presence
of monoterpene alcohols, essential flavours, flavonoids and other poly-
phenolic molecules. Cumin oils have high antioxidant activity due to
presence of monoterpene alcohols, essential flavours, flavonoids and
other poly-phenolic molecules [37]. Recent studies have revealed that
cumin seeds might also have anti-carcinogenic properties. In
laboratory tests, this powerful little seed was shown to reduce the risk
of stomach and liver tumors in animals. The detoxification and chemo-
preventive properties accelerates secretion of anti-carcinogenic
enzymes from the glands. It has antioxidants like Vitamin-C and
Vitamin-A in it. It is particularly good for cancer of colon. Other anti-
oxidants like Eugenol and limonene present in Cumin have strong
anti-tumor properties. Recent research has revealed that cumin may
slow the growth of breast and colon cancer cells [38].

Cumin is a traditional and herbal plant that has various
useful and curable effects but it also has some side effects. Side effects
of cumin include contact dermatitis (skin rash from contact with an
allergen or irritant), respiratory reactions, and liver cancer (above
dietary levels), and lower blood sugar levels and also increase the risk
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of bleeding [39]. A patient who suffers from ulcer and liver problems
and also in women who are pregnant or breast feeding, they should
have to use cumcaution. Patients should also have to use cumin with
caution who taking  agents that affect the immune system,
antibiotics, anticancer drugs, anti-fungal, anti-inflammatory agents,
antioxidants, anti-seizure agents, cholesterol lowering and lipid
lowering agents, estrogens, gastrointestinal agents, insecticides, iron,
morphine, opioids, osteoporosis agents, painkillers, and
phytoestrogens [40].

2. METHODS:

2.1. Preparation of samples:

2.1.1. Cumin oil:

The dried sample of cumin fruits were purchased from the local
market of Shendi in the Rive Nile state, from season harvest 2016 —
2017. The sample was purified and then was subjected to distillation
process via water - steam distillation method in which the water was
heated, the steam was passed through the cumin fruits and vaporized
the volatile compounds. The vapors were flowed through a coil, where
they condensed back to liquid, which then was collected in the
receiving vessel. At the end of the distillation process cumin oil was
separated from water depending on the difference in their density by
using laboratory separating funnel and kept at suitable temperature
in dark pure bottle.

2.1.2. Edible oil samples and mixtures:

The sunflower oil was purchase from Shendi locality market. Four
samples from this oil were prepared in equal volumes (10 ml). In
addition two samples of fried sunflower oil, (fish and taameia) were
filtered and prepared in same volume. Tow samples were contained
pure sunflower oil and one of two was subjected to heating process. To
reminder (4 samples) 2 ml of cumin oil were added and one of them
which contain modern sunflower oil was heated after addition of
cumin oil.
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2.2. Determination of chemical properties:

2.2.1. Determination of acid value [12]:

Principle:

The acid value is determined by directly titrate the oil/fat in an
alcoholic medium against standard potassium hydroxide/sodium
hydroxide solution. The value is a measure of the amount of fatty
acids which have been liberated by hydrolysis from the glycerides due
to the action of moisture, temperature and/or lypolytic enzyme lipase.

Procedure:

Two gram of cooled sample was weighed accurately in a 250 ml
conical flask and then 100 ml of freshly neutralised hot ethyl alcohol
and about one ml of phenolphthalein indicator solution were added.
The mixture was boiled for about five minutes and titrated while hot
against standard sodium hydroxide solution was shaking vigorously
during the titration.

Calculation:
Acid value = 56.1VN/ W

Where,

V = Volume in ml of standard potassium hydroxide or sodium
hydroxide used.

N = Normality of the potassium hydroxide solution or Sodium
hydroxide solution.

W = Weight in g of the sample.

2.2.2. Determination of Saponification Value [12]:

Principle:

The oil sample is saponified by refluxing with a known excess of
alcoholic potassium hydroxide solution. The alkali required for
saponification is determined by titration of the excess potassium
hydroxide with standard hydrochloric acid.

Procedure:

The sample was filtered through a filter paper to remove any
impurities and the last traces of moisture until sure that the sample
is completely had been dried. The sample mixed thoroughly and then
2.0 g of dry sample was weighed into a 250 ml Erlenmeyer flask. 25
ml of the alcoholic potassium hydroxide solution was pipette into the
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flask. A blank determination conducted along with the sample. The
sample flasks and the blank flask was connected with air condensers,
kept on the water bath, boiled gently but steadily until saponification
was completed, as indicated by absence of any oily matter and
appearance of clear solution. Clarity was achieved within one hour of
boiling. After the flask and condenser had cooled somewhat washed
down the inside of the condenser with about 10 ml of hot ethyl alcohol
neutral to phenolphthalein. The excess potassium hydroxide was
titrated with 0.5N  hydrochloric acid, using about 1.0 ml
phenolphthalein indicator.

Calculation:
Saponification Value = 56.1 (B-S) N/ W

Where,

B = Volume in ml of standard hydrochloric acid required for
the blank.

S = Volume in ml of standard hydrochloric acid required for
the sample

N = Normality of the standard hydrochloric acid.

W = Weight in gm of the oil/fat taken for the test.

2.2.3. Determination of peroxide value ( [45].
Principle of reaction:
PV is a redox titrimetric determination. The assumption is made that
the compounds reacting under the condition of the test are peroxides
or similar product of lipid oxidation. Addition of excess potassium
iodide reacts with the peroxide, iodine is produce. Through titration
process, iodide reacts with standardized sodium thiosulfate using a
starch indicator (Budavari, 1996).
H', heat
ROOH + KI » ROH + KOH + I»
Iz + starch (blue) + 2Naz S203 ———» 2Nal + Na2 S40¢ + starch
(colorless)

Procedure:

5.00 g of oil was dissolved with 30 ml acetic acid and chloroform then
0.5 ml saturated KI solution and 30 ml distilled water were added.
The mixture was titrated with 0.1N Na2S203 until yellow is almost
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gone. 0.5 ml 1% starch solution was added and titration continued
until the light blue colour discharged.

Calculation:
Peroxide value =S x N x 1000/g sample,
Where,
S = ml of Na2S20s3 (blank corrected)
N=normality of Na2S203 solution.

3. RESULTS AND DISCUSSION

3.1. Results:

Fresh sunflower oil sample, fried fish oil and fried taameia oil (T)
were tested to determine the three chemical properties before and
after addition of cumin oil, table 1 explains that.

Table 1. Chemical properties of pure and frying oils before and after addition

Qil sample PV AV SV

Before Before Before

Fresh Sun flower oil 7.3 . 0.94

184.60

Fried Taameia oil 23 0.45 183.13

Fried Fish oil 28 0.56 187.28

Then six samples of sun flower oil were prepares as following; pure
(P), pure + heat (P+H), pure + cumin oil (P+C), pure + cumin oil +
heat (P+C+H), frying fish oil + cumin oil (F+C) and frying taameia oil
+ cumin oil (T+C) in equal size (10 ml) with 2ml cumin oil addition,
after that samples were subjected to storage process similar to that in
the Shendi market environment. The storage period was prolonged for
six month, then samples were analyzed to assess their peroxide, acid
and saponification value, table 2 and following figures represented
that.

Table 2. Effect of storage on the chemical properties of fresh sun flower oil

Property

At the beginning

After storage

Peroxide value

7.3

18.17

Acid value

0.94

4.3

Saponification value

184.06
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Table 3. Effect of cumin oil and heat on the chemical properties of six storage
samples

Peroxide value

18.17

1322

11.59 11.39
9.22
7.93
P P+H P T+C

+C P+C+H F+C

Figure (1) Peroxide value of six storage samples

Acid value

248
| 184
137 1
1 L1z
T+C

216
P P+H P+C P+C+H F+C

Figure (2) Acid value of six storage samples

Saponification value

19843
19639
192
190,61
' ""i-“ 189,07
» P+H P

35
40 P+C+H  F+C T+C

Figure (3) Saponification value of six storage samples

The following figures show separately the peroxide, acid and
saponification property from the beginning period (before and after
addition of cumin oil) and at the end storage period.
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Peroxide value

"
16
1
1z
0

P.Bg)  PeC(Bg) (S0 BB ReCen PeCsHS0

Figure (4) Peroxide value from the beginning to the end storage

Acid value

PiBeg)  FeCBg) P50 PoH) ROy RS0

Figure (5) Acid value from the beginning to the end storage

Saponification value

PBeg)  PICBe) RS POHGL PCHSU PCHH
sty

Figure (6) Saponification value from the beginning to the end storage

Reused oil of Taamein

Figure (7) chemical properties of fried taameia oil

Reused oil of fish

Figure (8) chemical properties of fried fish oil

Table 1 shows the chemical properties of three samples of pure
Sunflower oil and two samples of fried oil (taameia and fish). The
peroxide value decreased when adding cumin oil; from (7.3 - 2.7), (23 -
12.4) and (28 - 15.4) for pure sunflower oil and fried oils respectively,
the result could be attributed to antioxidant that were presented in
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cumin oil such as terpenes, aldehyde, alcohol and phenolic
compounds. Also, there was decrease in the acid value after the
addition of cumin oil in the three samples (0.94 - 0.17), (0.45 - 0.23)
and (0.56 - 0.28) respectively, that can be due to the reaction between
chemical constituents of cumin and sample oil which lead to decline
carboxyl groups in oil. While for saponification, there was an increase
in pure sample (184.60 - 190.65) could be due to increase of ester
formation result from previous reactions. In contrast, there was a
decrease in fried oils (183.13 - 180.43) and (187.28 - 184.51) for
taameia and fish. This could be explained as the high oxidation
caused by food frying and then cooling, as well as the oils of taameia
and fish itself which with frying process lead to more ester formation,
consequently raised the saponification value.

The effect of storage is clearly evident on the three chemical
properties of the pure oil sample, Table 2, where we showed the
apparent increase in the three values (7.3-18.17), (0.95-4.3) and
(184.06 - 196.39) for peroxide, acid and saponification values
respectively, that was indicated to oxidation process occurred, which
may be caused by oxygen and light, they worked to oxidize the fatty
acids found in the oil and converted it to the peroxides, carbonyl and
carboxylic compounds.

The influence of cumin on the chemical properties of edible oil
was revealed in the value of peroxide, which led to a decrease in its
value from 7.3 to 2.7 after adding it at the beginning of storage and its
effect was very clear after the completion of the storage process. The
peroxide value of pure edible oil was 18.17, while for the mixture of
the same sample of edible oil and cumin became 9.22, this clearly
reflects the effect of cumin oil as an antioxidant that because it
contains the antioxidant compounds. With reference to Tables 1 and
3, the study showed that the addition of cumin oil had a positive effect
on the peroxide value of cooking oils. The value of peroxide was
reduced when adding cumin oil to sunflower oil at the beginning of
storage from 23 to 12.4 for fried taameia oil and 28 to 15.4 for fried
fish oil. More lower was observed after adding cumin oil with storage
where it reached 11.39 and 13.2 for the fried oil respectively.

On the other hand the study showed that the temperature had
revealed unexpected effect on the peroxide value, where it was
expected to increase the oxidation process and then elevated peroxide
value, but it has reduced the value of peroxide where the value of
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peroxide of stored oil was 18.17 while the oil was stored after boiling
11.59. Also the effect was more pronounced when cumin oil was added
with storage, which was dropped to 7.93 compared to the addition of
cumin oil with non-boiling. This difference in the value of peroxide
produced by a temperature variation can be attributed to the fact that
the boiling temperature accelerates the antioxidant reactions between
the sunflower oil and cumin oil, thereby reducing oxidative
compounds and thus reducing the value of peroxide.

4. CONCLUSION AND RECOMMENDATIONS:

The overall evaluation of this study concludes the importance of
cumin oil as an oxidative material. This was evident in the low
peroxide value of fresh and fried edible oil, which is considered the
most important characteristic of oxidation. These results were
obtained when measuring the value of peroxide before and after the
addition of cumin oil and at the end of storage period. These
investigations resulted in a clear reduction in the peroxide value of
the mixtures oil compared with pure sunflower oil. Unexpectedly for
the temperature, the boiling of fresh and mixture oil before storage
had appeared a decrease in peroxide value. This study opens up a
wide field to other studies to emphasize these results as well as taking
advantage of the oxidative properties of cumin oil in the conservation
of edible oils for longer periods with the possibility of utilization of
cooking oils after reducing the peroxide value in other industries.
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