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Background and objective

It was shown that contamination of agricultural pasturage with fertilizers, application of sewage and effluents in
irrigation, use of pesticides and air pollution have led to the entrance of chemical contaminants, including metals, into
plants. On the other hand, food processing is (handling, processing, transportation) considered as an important way of
food contamination. Vegetable oils are essential in human dietary which is introduced as crucial sources of energy, fat
soluble vitamins, and essential fatty acids. Sesamum indicum L., known as sesame seed, has been cultivated in Asian
countries from ancient times as vegetable oil for cooking and seasoning ingredients. In recent years, the sesame oil has
been considered due to its high antioxidant activities and nutritional properties. Due to the use of sesame seeds extracted
oil in two form of ardeh oil and sesame oil, the amounts of mineral elements (phosphorus, potassium, iron, nickel, cobalt,
manganese, calcium and magnesium) in sesame seeds and its extracted oils (ardeh oil and refined sesame oil) were
investigated.

Materials and Methods

In order to determine the mineral concentration, refined sesame oil and ardeh oils were prepared from an imported
sesame seed. In order to prepare the sesame oil, sesame seeds were put into a cold presser and the oil was extracted under
low pressure. The Ardeh oil was prepared by adding water to sesame paste in the ratio of 2.2:10 and oil was separated by
centrifugation. The sesame seeds and oil samples (refined sesame oil and ardeh oils) were digested by microwave
digestion method in presence of 5 ml 65% nitric acid and 2 ml of hydrogen peroxide (H202). The digested samples were
then filtered through 0.45 um filter membrane. Then, the concentrations of phosphorus, potassium, iron, nickel, cobalt,
manganese, calcium and magnesium in sesame seeds, ardeh oil and refined sesame oil were examined using Inductively
Coupled Plasma - Optical Emission Spectroscopy (ICP — OES).

Results
In the present study, the limit of detection (LOD) for each studied mineral elements were determined as nickel: 4
mg/kg, magnesium: 0.00066 mg/kg, manganese: 0.000134 mg/kg, phosphorus: 0.384 mg/kg, cobalt: 0.594 pg / kg, iron:
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0.000797 mg/kg, potassium: 0.00394 mg/kg, calcium 0.005 mg/kg. According to the results, the highest amounts of
mineral elements were detected in sesame seeds. The achieved results showed that the method of sesame oil extraction
can reduce the mineral elements in the final sesame oils. The amounts of mineral elements in sesame seeds were estimated
as P> Ca> K> Mg > Fe >Mn > Co > Ni. The pattern of mineral elements in Ardeh oil was reported as P > Fe > K > Co
> Mg > Ni > Mn > Ca. The reduction pattern was reported as P > K > Fe > Ni > Co > Mn > Ca > Mg in refined sesame
oil. As can be seen the order of mineral elements was changed in two oil samples and sesame seed. It was shown that
except for K and Ca, all mineral elements in ardeh oil were higher than refined sesame oil. As can be seen, the refining
process was effectively reduced the metals in oil samples. On the other hand, high amount of mineral elements in sesame
seed in comparison to extracted oils could be attributed to lack of processing methods which are present in oil production
in both methods.

Conclusion

It should be considered that presence of different metals in vegetable oils could facilitate the oil deterioration and
oxidization as well as oil shelf life reduction. Since the most of the sesame lots in Iran are imported, it is necessary to
monitor the amount of mineral elements.
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LOD: Ni: 4 ppb, Mg: 0.00066 ppm, Mn: 0.000134 ppm, P: 0.384 ppm, Co: 0.594 ppb, Fe: 0.000797 ppm, K: 0.00394 ppm, Ca: 0.005

ppm.

Different letters in each row indicated the significantly at 0.05 level.

3550 yliwe pols adllas yo . (Sanietal., 2013) cwl p3¥ uac
Oliee cp) &S Wb 03] (a5 S 6lS 1 p )5 e YE/V oS &by o
ol 48l talS cad 4 00yl g, 9 oS 40, )
B &S Bgdo Cgume gy Jgeme slooVl | ol
ol (Lamasetal, 2016) 3,5 gy cutsS 35 @y 5D (soke
3ylbisl e ol iy YU @50 )3 &5 Cul ()50 polis ]
ADU-) 398 (3 (Seiolsned i > JST & ot Ay (o0
WS la diges > yal lise pols adllas 4> (Almaaly, 2019
i S lojls 3kl ololyy 1 (S 05l pSolS
S SIS o5 e D 9 VO S slasisy o ol e
Commission, ) cusl odds 03 (pess pbb (9, 5 dutual yE9) )
089y Slbdiges )3 ol pdlie e o sanline 45 jglailen (1999
SIS Gloils bawgs 0ad s jloxe s> jl YL b ddllae
b slaasges 5o u.m] Ol (Juols gl GBMS 5y b 03] (peesd

Gl do)d O o 50 ()b xe 00iS o ) 0 bl g

2 MJ 9 cJS\u c).aim 4‘).2,1 “W89) s u])lﬁ )J.)l.o.p
0391500 53 5 &y e (pl adlllae )3 (o) 3)90 S8 (489,
G «/WY FAO B YV/A /MY G o /YAR /oY o/eVA
Gao LNAL /N0 g /NN o/ NF o[V G o[ e EEIVAY
GNP PSS 322595 OIFF GOTY poadls' g p S5hs” )3 )5
4, (Saeed et al., 2015) |,Ken 5 1aw (Zhu et al., 2011) 15
Ol}*ﬁ & ul.:m;u L‘,,{\ adllao 2 JouS E|93| = )mt& 9 c::]l;lé
B YSFIS taujio MIOY B YV iol VoY/YY B FOVEY sauls
sy 9 SVASIY B FVEYIY 1and VS b +/0F 1o9, DSFIS
Saeed et al., ) us (5,155 p,SolS 0 p,5 Lo OV/FF L ¥V/0-
(2015
Slgyey gyl wled (a1 50 1 @51 51 (6l 98BS 1o
3B39ens Slyigil g iy Uge s deSTgw GHeuS 528
s 9 o gl Cannyd 3 Sas ¢ylgsinl LSS (gly &S sl



YAV aiai aous g 0o op8g) a1 oo JULiSl g aoeis il 5o Same 2l (3l e (a2« )0 § (69 (515

Slilh polie g adldy 29) 6k ) gl Pl alisee (sla b,
4 (oS JolS i) oy 5l Jols o) sloaiges o ol g o
oo p3lie B 03] (30035 p)SokS” 3 p)S (o VN g o/ oF a5
S 5 5l JI adln 5 5V oy o a5 ol
A0S il 53 paredlS (g cymo ey e A (5 S0 5ll (VA20)
G ofo¥ VIV EY/F XA AN AL /0 03950 10 iy
Angelova) o San 5 lgslosl s (513 p)S5kS o5 ee </
sl 3ol 2595 g S 3l xess )0 4 (L al., 2005
S e (6yteghS VOO b /0 dlols > al wd, s,
3 dols clasis, 5 b, Sl o 3iS ails adllas oyl 5 aizsls
oS ol s gl 28,5 B Lioris 3y9 I3 e L}l o]
@b plie o) 4kd sl ST 5 IS b (91,8 (o >
(Angelova et al., 2005) 355 o5 Jitio 425, 4 ails 5l I3l 5]
4 uS 9y ) 69y 5 e qerely (ol qupndS SI3lb ke
Uil pSokS a8 e YN XY /¥ 51 208 NFIA 1Y i
&9y 2 lgmgul &8 Wsly olis @ls .(Cindric et al., 2007) .
Mohammed et ) cusl 50 doxS (25, olowd LS )5 g lgie
4 Wl e ) 10 (ild sla e &S cul sais Ly (al., 2018
ardgind dbapSon bwg oad bl (lawSleS ©)50
09y > Bl Sl ©j9o 4 b gand g o b L by
W dedgind Cgus) (o) el Sl plodl (b 5o ol ol ALl
298 g pshesS Gl 4 e pljen Wlyie
G ol oy o (Szydlowska-Czerniak et al., 2013)
9 o2 b alie iy lapy) ) FSKhe g el Sl s

D500l (o) | yude dhal LS (189) O g

8 5 4o
2 e a3l (Shes sty 2 i s Hpas
wps Wlge @il Gbon il 0fg) CelS s
OpplipnST 456 LS 5 g olil (gl Ja]) 44 ]y oS g g, 00
opl oplple S I (oS gl o sl dayesS dasal)
s e Sl 059) Goralins] dwgy Wy il
odol Cunty gy sl (o))l 5 6 )Wle (g9 it 13 5 00,8
Obe yo ol i ol wyp a8 jelailes alsl atil b il
Al )3 35290 (Shne oS )5 (i yhud (o 090 (Sxe dlge
ST (39 b 03] (eSS Al A (49 9 03)] (s, WS
dlgo (658 polie (ol 03l yEgy g duS Wby & Cond 05 duduay
onl ol ol adlllas )3 59, (5K g rolty (sUittsl @) Sane
5 0SS lojles bauwgi 0ad oyl jlome o 5l VL i ey S

AbU-) 1535 il jbre edgie 3 (Jlrellgl adllas 45 s
2 onl amb dgng b 4 5gg, 50 a9 (Almaaly, 2019
Sne SlaS 5 03 9 bddsind b Jate ©jg0d (a89) sbaail
Lamas et ) cul (o318 @linas @b 5l (Sogl Jlis] e o
(al., 2016

31 5 6501 ) s Wl o oS 318 S0 51 IS
cfsi)..:.:ua ch:..' cObT ‘69) (B .-\:\Jl.o.m )40‘.:;9 Lf&ﬁ .J}w ddl.mb
ol sl p3Y 0di; g g (sl (sl pS polie 50 paanlS g Ko
polde joln dx 1Sl ow Mlg e YU slaclale > cljle
Loy CatsS S35 el (alS oy, o i Clils Sl
09 » IS 5lxe jlade (Farzin and Moassesi, 2014) o
PRAS »p S N o bl ol p (38g) Y gz
aallas | Jols ol yolwly .(Ching, 2014) cosl sabed; e
5 AVL ashad oS g 03)) (o9 sadises ;> S5 palie ol
IRV [CVE ARV i1 ISR EN

poroliy < 52l < jhnd S0 4y 03 (49, 53 me g (555
(0 2lgo e 291 el < 3L <SS S e < IS <
IS5 < 0l S ly < jaud gy b g sl a8 89,
9 U (e 3 M IS mjie < a8 < 3K < LS S
Wb 485y ladiged ;0 odd (5 pSojlul  Sdme dlge oy i o)) Ko
5 g o cporces amolly 59 e )50 & iy s doxS
LS ks e ialS oS (Sani et al., 2013) wi )liS
1S () g 4y adllas 3y90 slaity) 53 yiud 9 S onl
Sl B &S S o cal iy b ()15 03] (9, 3l iaS dshuas
aslllas pl pd ol @il dlge ol (EalS 3 awlie oS dibins
228 SIS S S 58y )3 (ame ole gl
OluS 5 039d5e g pySS 10 )5 Lo A/FF LYY adgame
2 poedlS g e 59y (] manlly G5e qmjrie Hhud (Jise
S JAY [ \Y=+ o EIVE=o AN FIRENNE iy a8 s,
ARy EA NPV A S CY AT\ NPTV RS S EANPTYA (-SSR SR YA TN
Lamas et al., ) ;,Ken 5 wlbo¥ adlas 3 035 (505l
oo Vo0 ¥ 5 A/YE XIEY XY FYEIY g p s, Solis]
L o9 b pols uiod gl A5 03] (o35 p)SolS p p)S
2 S sliold 329 9 3)b Slerad S0 liime la ybyl55
g Sii WS & g o |y ol (6S05ll polde
S ) souS 6 ady clilie yld pues 5 oS
Kamal-Eldin) ), ISea g cpll JWS adllas ;5 .5l o (lgmg]
5 5wy b wyp 4 o (and Appelqvist, 1995



VPo¥ LT — s0 Foylois I8 wlr oyl (138 poboo g pole Sleidsyy apis  FAA

als &8 Lol jl cusls argr Wb s (6 pS0jll cpa 3yluskisl o)l

&l Rwlpw S g bulpd oy ol wdlpe Sl peos 4y 2B 1S
02Suiily 511y 598 I8 5 (S5 ilpe dlie oy Bt oo 9 o] jpd i jlonsents ol )3 oS o ladlaie
ol bl 455 Solo dpd (S pole oKy cudligg Opmed ol (Bl 89y and I i (SI0)ly sbaaoeS oS
el (S g 2l Blge eyl g cuilig oKibejl 5 Jbo GE9y Spae & pde hloS bl ladle ) &5 cuwl S5 LB

)l g0 ol o0 i 03 (429 b PS94 oSl Jlasal

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

B pas slp o) guone LIl Caa p3ye 4 Slu)edbl cpl
yigo sl 4 (G900

&bo
Abu-Almaaly, R.A. (2019). Estimate the contamination by some heavy metals in sesame seeds and Rashi product
that available in local markets. Plant Archives, 19, 3217-3222.
Angelova, V., lvanova, R., & lvanov, K. (2005). Heavy metal accumulation and distribution in oil crops.
Communications in Soil Science and Plant Analysis, 35, 2551-2566. https://doi.org/10.1081/LCSS-200030368
China, S.0. (2014). China’s Maximum Levels for Contaminants in Foods.
Cindric, 1.J., Zeiner, M., & Steffan, 1. (2007). Trace elemental characterization of edible oils by ICP-AES and
GFAAS. Microchemical Journal, 85, 136-139. https://doi.org/10.1016/j.microc.2006.04.011
Commission, C.A. (1999). SECTION 2. Codex standards for fats and oils from vegetable sources.
De Leonardis, A., Macciola, V., & De Felice, M. (2000). Copper and iron determination in edible vegetable oils by
graphite furnace atomic absorption spectrometry after extraction with diluted nitric acid. International Journal of
Food Science & Technology, 35, 371-375. https://doi.org/10.1046/j.1365-2621.2000.00389.x
Elleuch, M., Besbes, S., Roiseux, O., Blecker, C., & Attia, H. (2007). Quality characteristics of sesame seeds and
by-products. Food Chemistry, 103, 641-650. https://doi.org/10.1016/j.foodchem.2006.09.008
Farzin, L., & Moassesi, M.E. (2014). Determination of metal contents in edible vegetable oils produced in Iran using
microwave-assisted acid digestion. Journal of Applied Chemical Research, 8, 35-43.
Ghazani, S.M., Garcia-Llatas, G., & Marangoni, A.G. (2013). Minor constituents in canola oil processed by
traditional and minimal refining methods. Journal of the American Oil Chemists' Society, 90, 743-756.
INSO. (2014). Edible fats and oils — Refined Sesame oil-Specifications and Test methods. Iranian National
Standardization Organization, 2nd. Revision.
INSO. (2016). Tahini - Specifications and test methods. Iranian National Standardization Organization, 2nd .
Revision.
Kamal-Eldin, A., & Appelqvist, L.-A. (1995). The effects of extraction methods on sesame oil stability. Journal of
the American Oil Chemists’ Society, 72, 967-969.
Khalili Sadrabad, E., Moshtaghi Boroujeni, H., & Heydari, A. (2018). Heavy metal accumulation in soybeans
cultivated in Iran, 2015-2016. Journal of Nutrition and Food Security, 3, 27-32. http://jnfs.ssu.ac.ir/article-1-126-
en.html
Kheirati Rounizi, S., Akrami Mohajeri, F., Moshtaghi Broujeni, H., Pourramezani, F., Jambarsang, S., Kiani, H. &
Khalili Sadrabad, E. (2021). The chemical composition and heavy metal content of sesame oil produced by different
methods: A risk assessment study. Food Science & Nutrition, 9: 2886-2893 https://doi.org/10.1002/fsn3.2245
Lamas, D.L., Constenla, D.T., & Raab, D. (2016). Effect of degumming process on physicochemical properties of
sunflower oil. Biocatalysis and Agricultural Biotechnology, 6, 138-143. https://doi.org/10.1016/j.bcab.2016.03.007
Lamas, D.L., Crapiste, G.H., & Constenla, D.T. (2014). Changes in quality and composition of sunflower oil during
enzymatic degumming process. LWT-Food Science and Technology, 58, 71-76.
https://doi.org/10.1016/j.1wt.2014.02.024
Makinde, F., & Akinoso, R. (2013). Nutrient composition and effect of processing treatments on anti nutritional
factors of Nigerian sesame (Sesamum indicum Linn) cultivars. International Food Research Journal, 20.
Martinez, M.L., Bordén, M.G., Lallana, R.L., Ribotta, P.D., & Maestri, D.M. (2017). Optimization of sesame oil
extraction by screw-pressing at low temperature. Food and Bioprocess Technology, 10, 1113-1121.
https://doi.org/10.1007/s11947-017-1885-4
Mbaebie, B., Omosun, G., Uti, A., & Oyedemi, S. (2010). Chemical composition of Sesamum indicum L. (Sesame)
grown in Southeastern Nigeria and the physicochemical properties of the seed oil. Seed Science and Biotechnology,
4, 69-72.


https://doi.org/10.1081/LCSS-200030368
https://doi.org/10.1016/j.microc.2006.04.011
https://doi.org/10.1046/j.1365-2621.2000.00389.x
https://doi.org/10.1016/j.foodchem.2006.09.008
http://jnfs.ssu.ac.ir/article-1-126-en.html
http://jnfs.ssu.ac.ir/article-1-126-en.html
https://doi.org/10.1002/fsn3.2245
https://doi.org/10.1016/j.bcab.2016.03.007
https://doi.org/10.1016/j.lwt.2014.02.024
https://doi.org/10.1007/s11947-017-1885-4

Y44

el azuS g 00l (g 4 o] JUH g S 4ils 50 (oo 3l Glie oy oy K0 9 (39 (SIS

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Mohammed, F., Abdulwali, N., Guillaume, D., Tenyang, N., Ponka, R., Al-Gadabi, K., Bchitou, R., Abdullah, A.H.,
& Naji, K.M. (2018). Chemical composition and mineralogical residence of sesame oil from plants grown in different
Yemeni environments. Microchemical Journal, 140, 269-277. https://doi.org/10.1016/j.microc.2018.04.011
Mohammed, N.A., & Hassan, S. (2011). Physico-chemical analysis and mineral composition of some sesame seeds
(Sesamum indicum L.) grown in the Gizan area of Saudi Arabia. Journal of Medicinal Plants Research, 5, 270-274.
Nzikou Jm, M.-T. M., Ndangui, Cb., Pambou-Tobi, Np., Kimbonguila, A., Loumouamou, B., Silou, Th., & Desobry,
S. (2010). Characterization of seeds and oil of sesame (Sesamum indicum L.) and the kinetics ofdegradation of the
oil during heating. Research Journal of Applied Sciences, Engineering and Technology, 10, 227-32.

Ozkan, A., & Kulak, M. (2013). Effects of water stress on growth, oil yield, fatty acid composition and mineral
content of Sesamum indicum. Journal Animal Plant Science, 23, 1686-90.

Pehlivan, E., Arslan, G., Gode, F., Altun, T., & Ozcan, M.M. (2008). Determination of some inorganic metals in
edible vegetable oils by inductively coupled plasma atomic emission spectroscopy (ICP-AES). Grasas y Aceites,
59(2), 239-44. https://doi.org/10.3989/gya.2008.v59.i3.514

Rahimi, M., Gharachorloo, M., & Ghavami, M. (2020). Determination of some antinutritional factors and heavy
metals in sesame oil, raw and peeled sesame (Sesamum indicum L.) seed of two varieties cultivated in Iran. Food
Science and Technology, 17(16), 181-189. http://fsct.modares.ac.ir/article-7-33625-en.html

Ramezani, M., Hashemi, M., Varidi, M., & Rezaie, M. (2021). Health risk assessment and determination of heavy
metals in  sesame  oils. Journal of  Nutrition, Fasting and Health, 9, 342-352.
https://doi.org/10.22038/JNFH.2021.61727.1365

Ramezani, M., & Rezaei, M. (2018). Physicochemical properties, heavy metals and aflatoxin in sesame oil: A review
study. Journal of Nutrition, Fasting and Health, 6, 45-51. https://doi.org/10.22038/jnth.2018.33801.1128

Saeed, F., Qamar, A., Nadeem, M. T., Ahmed, R. S., Arshad, M.S., & Afzaal, M. (2015). Nutritional composition
and fatty acid profile of some promisingsesame cultivars. Pak. Journal Food Science, 25, 98-103.

Sani, I, Sule, F. A., Warra, A. A, Bello, F., Fakai, I.M., & Abdulhamid, A. (2013). Phytochemicals and mineral
elements composition of white Sesamum indicum L. seed oil. International Journal of Traditional and Natural
Medicines, 2, 130.

Sedaghatboroujeni, L., Hojjatoleslamy, M., & Gharachorloo, M. (2017). The effect of purification process on heavy
metals in soyabean oil. Journal of Food Technology and Nutrition, 15, 35-44.

Szydtowska-Czerniak, A., Trokowski, K., Karlovits, G.R., & Sztyk, E. (2013). Spectroscopic determination of
metals in palm oils from different stages of the technological process. Journal of Agricultural and Food Chemistry,
61, 2276-2283. https://doi.org/10.1021/jf305094s

Tenyang, N., Ponka, R., Tiencheu, B., Djikeng, F.T., Azmeera, T., Karuna, M.S., Prasad, R.B., & Womeni, H.M.
(2017). Effects of boiling and roasting on proximate composition, lipid oxidation, fatty acid profile and mineral
content of two sesame varieties commercialized and consumed in Far-North Region of Cameroon. Food Chemistry,
221, 1308-1316. https://doi.org/10.1016/j.foodchem.2016.11.025

Zhu, F., Fan, W., Wang, X., Qu, L., & Yao, S. (2011). Health risk assessment of eight heavy metals in nine varieties
of edible vegetable oils consumed in China. Food and Chemical Toxicology, 49, 3081-3085.
https://doi.org/10.1016/j.fct.2011.09.019


https://doi.org/10.1016/j.microc.2018.04.011
https://doi.org/10.3989/gya.2008.v59.i3.514
http://fsct.modares.ac.ir/article-7-33625-en.html
https://doi.org/10.22038/JNFH.2021.61727.1365
https://doi.org/10.22038/jnfh.2018.33801.1128
https://doi.org/10.1021/jf305094s
https://doi.org/10.1016/j.foodchem.2016.11.025
https://doi.org/10.1016/j.fct.2011.09.019

