03,1 4 01 513 (b oS 8 S 5 e Ml Clale Sl i b5

Tls,S bl LT s e i (6550 e sk ke 1585
Ol sl Glsal Ol et ol (S sals S5l ¢ SIS 31 gn ol 03,5 iyl ol IS at gl 215
Ol sl Glsal Ol e dogeds o315 (S sals a8l ¢ 510 3150 ol 03,8 SLils |
Ol 31l G sal Ol et ol&ls (K pals sdSCiils ¢ SIAE 3150 il 03,8 ealinsl”
Ol 158l Gl O Ao olKils psle oS3l ¢ ot 03 8wt o g (5,53
M.ghaderi@SCU.ac.ir : J yiwe sdin 5 wbll, *

Assessment of Mineral Nutrient and Heavy Metal Changes during Sesame Processing into
Tahini
Zahra Ahmadi Bardei *, Maryam Ghaderi-Ghahfarokhi*?, Ali Fazlara *, Fatemeh Kardani *

1 MSc graduate, Department of Food Hygiene, Faculty of Veterinary Medicine, Shahid Chamran
University of Ahvaz, Ahvaz, Iran

2Associate Professor, Department of Food Hygiene, Faculty of Veterinary Medicine, Shahid
Chamran University of Ahvaz, Ahvaz, Iran, PO Box 61355-145

% Professor, Department of Food Hygiene, Faculty of Veterinary Medicine, Shahid Chamran
University of Ahvaz, Ahvaz, Iran

* Ph.D in Analytical Chemistry, Chemistry Department, College of Science, Shahid Chamran
University of Ahvaz, Iran

“ Corresponding Author Email: m.ghaderi@scu.ac.ir

0aS>

oy e i) 5 O G 5 s Cilis Sdae OOl 51 e e 03] 5 (Sesamum indicum L) sous <ls 1 Sa 9 4yl
woar g bl S Sl w e T Sl 5 oS Slhes 20 s cd S 5 SV semme ol 2y opl bl 0l
ciloen e 3 aallan ol 3 (SE O paame sl g 53 b el g aren)l 5 deS (VL G pan 5 e BB ladis o)
23S B s 3 S Sl 5 (558 Shae 2l o3 Of s 5 48 (5503

oA At ot S ped Jald Ladi god 5 A (15 5 45 gaS 03] 4 S ks e ol e Sl candllan ol ol g 1 U ydg g D90
o3lol 1 g i gt 03l 5 0315 55 5 (S5 Sy S g S W50 (S8 Ty I g S e 153 5 Sl g S W gl ey b
5 (Pb) <, 5 (AD w,ﬂ (Cd) e3lS (HY) o (As) Syl bl K Sl (gl gme raSb a0 s gas bl 5 ol
(M0) 0adse (MN) 58 (CU) s (ZN) 55, ((FE) a1 (MQ) e (C2) pondS (K il (NB) s fold ke Sl
455 oens (ICP-OES) (655 5 i &0 Jeate oWl o i slewdly Sl eslizad L (ND) IS5 5 (Cr) 5 5 (C0) SILs


mailto:m.ghaderi@scu.ac.ir

b s doss 90 Olebl mlaw 53 (S5 i) b bagSKibe amlin 5 ANOVA 5Ll 4,k G 5JUT L (bl o 5 a3
A plomil 5 e Bl e 5 3l ealina

Mn Cu Zn Fe) jluis oS 5 (Mg 5 Ca K INa) 555 Gdre Zal 51 slis m 5k (5l diS 5 03,0 513 DL s : basl
Cr Mn K glsme S 5 sbay sadls ciloe Sl glgms o gsline I3 $uslp il |1 sy (NP 5 Cr Co Mo
Mo s Ni Co Cr Mn Ca Mg K #laus cipizr on (P <0/00) Cob a8 (gols ime o5k w53 5 o 5 AS 5 Ni Mo
ool L el (6,8 s deS sladils Ol azd 5 (P < 0/00) sl Ol ralS ad ) doeS 4 Cd oS 3l s (Sl sme 5w
Sladeus 5l eds A5 o5yl 53 CU 5 Fe Zn INa (gl gmee (P> 2/00) 54 ol an CO 5 Ni MO Cr CU Na gl yime Jls jne 8
&lssxe b 4 MO 5 Co Cr Mn Mg Ca (gl yims «CT b «(P < +/00) 35 4yl oS &ils VU (gol5 gme [ ob 4 ol axd
Al 5 HY Cd 186 Lk s 5 L 305 il 4yl dsS Gladses ;3 Ph 3 AS s 50 oK Sl o 53 (P < 0 /00) 55 S
bl Sl AS Hldie 5 (ol smn il (6,8 gy (P < 0/00) Sl ialS oi 5 s b (uls sne ssb 4 PD 5 AS (gl s s
s ime il o3l 4 5 03,5 Olel (P> /00) ol LIl (gyls gme b ssb a4 (6,8 Cawsy Sl e dS 5 PD (gl i
(P < 0/00) s g adyl dowS &ils 1 2aS (ols me ssb as el atd  daeS 503yl 53 AS (glgime S = 53 (P < +/00) W SPD
As 5P b S S5l 4 (Sl 5l s Gl S O 5l S dnS (558 5 ot cadlllan ol il el 0 (g S aom
Lb oS Sl So 1 o s cailigy L w35 53 035l 5 Cogy Osks (ladanS Uslate U pan ol osdle 355 0 4o 5
Sheslizal 5 K 3l 4 5ot ;;Jdicla.ﬂb.éu.)qajjl oLl b 3 5d o deo $ 3 03, QEUSUS 55 4 5,8 53 a5 5540
Auled W s b Sl J s ol QU G jeme (gl el Y ammes (650 3 g ol YT ile

S sojly

oS D3I (555 0 el (551 03] S

Aodbe
P 3 A 3l S s ey Pedaliaceae osl5l= 4 3lxe Sesamum indicum L. e ol b s
Gl OLS 5 (V) canl 4 813 sl 55 40 Ol S0 =50 02 b s 5l e a5l e 5 Ol Cls.ﬂja S sbaals
oDk ol S Lo 530 35dm 5 Dlodea s S Ao 53 WO (s ko 53 VASYO (hés, do s FE-OA (ool oS
Sl el SOl 5 S gally (Szadly oSt e S5l (S 5 (S5 O sl Lls gd By o nl 2
A e slaes,sT 3 s e boedd esls g 5 edd (6,8 S b G b s 4 S s 01 0 (Y)

3 eal Loenyl P 0 38 e 13 eslinud 35e L 5 OIS (EME (o (S st 5 2l Y eanme

L Tahini



() T o s 0 03, Sl 31 ey 0l (6,8 Sy 5 0315 51 doiS 51 YV peme 45 Al o doS by Sl &Y peasm
3L Gle S5 L s Bl 5 A Gbalus (os20 cor gladesl sl 15 a0 oYL alE S5l e
3 ok 3l obl s El adsl eole S e Sl (el 5 aed e eedS ) (G50 S SO
(0 Y) 55 s e s 5 Il ahaz Sl aS 55 Olnl by sl Sla) 328 0 o SIS DY e

5 Gos e Sl IS o e i 53 4 Slasl Golas oS 51 N il el Olawsie 5 Oladils
Sl S alie 53 sk 5 OAdse (s G AT (e (LS (S S A S DI I S e DS
2 oS Sl Gl ol sy pl LS e Ll Sl Slacdlad 53 ege R 5 s U 3550 Ol Cudh
S5k sl b S b DL e e Sl IS e g e el 35 5L VL S s
Sl GV oo 51 88 g e w85 0 50 oS DL i s S 5 e eSSl s Ll S
oS S 5 L0l ppad aadS 3 nslS 5 ST (all o o g ASle (S IS L ln, g DL 5 0l s g e
5 b dagin S 00 S e (g OIS O e wibe e gl Sup 4 e 5 il
(FN) Lsd e b c\a.ﬂﬁvb-vjl:;- slasl cpl ys s ol

gk e bl Gl glacdlas 3 s a5 b sk 4 s S dnes otV oAb 3 S S Sl
LV o Fedas Sl b 5 Sl A5 s gl sl e IS ST 5 Las S dadae (5518 Y pame (VT e oS5 ST s
S 5 5slS SN pama o dile a3l 5 deeS (V) s SIS Slge 4 ulg 53 5 Sy e 4 Loty VT 5555
3ol 3 S Sl 4 ol (ST Glinbe s O sl ke 2Ol (ol oS el &S b e o
el ey Sl 4 (00)Y ) L3S b 5 (A A ) 5538 s s s bl lallae

SKen 355 o plonll o b Wl 3 2 ladils 5 Sl (O LS 51 ekl 55l a3bel 1o 53 a8 Sladl
L 2alS e 5 il andls SIS 3l5e (sladis ds DS 5 5 S Sl adeor 1 baeti VT (slsime 0 i 40 30 o
5 Sl Sgline il glaails il sla iy s S 5 e Sl w55 e 4 ST Lol chle 253l

wls o s s s uvﬁjﬁ;ﬁs el Ll m\:r.:uj S slge aen a1y Al .MT)_‘BQS.:J:‘ Olaadl L Ol g a5



03,5 Slwl b 5l ol e oS cl s ol by sl e OF 3 s (30 Glaig S ol s G b 5l cls
Sl K Dl 4 (Sl Olis 65y Sy 4 L0 Coy il Glaiss 5 0kl pd 5 s (6,8 ey
el on el & A (550 il e 0 el g 4 6 laalllas 0pSGL(10-)T) ias Ol il
N gz loa)) 5 S S0l woam 5 Ll oS bl ) 528 53 das I axdllas Jjj,a&:f;.ﬂgl)l}r.aj Sodp2
23,8 oo D13 ealinad 3)5e SIS slse ol A5 s e s Sl e 5 L e omine e 5ES 3 Sl b, SIS

Al e O K S5l 5 gladis Cwolﬂﬁwwwwj;&\fjgu oy s anlllas oyl

W99, g Slge

52 A ol b Sl s el (O] sl (ame) Gz el Jols syl o ealitad 550 pliand sl e 1 3190
Froolad | maSb Osd s BB 5 (01 DL et b JY5) e LU s hie Of (Merck, Germany) 4.
43 » (Whatman Co, England)

W55 olIS 51 (S 5l oSan sl glgme ool il e 0 ) g 03] g 42S (gLdiged and
5 S ) g S g (S b5 o 43) (RSS) ot oS wi s ol e ol e 51 e i3 e 03l oS
dS 5 (HRSS) “0sls 51 5 6,5 gy 51 ot doS €snd (HSS) "6, gy 31 s doS 4505 « (WRSS) " 4
plowil o3,) A5 Cilin S5 aw 53 (55513 Al e A Sl (ol Wsed LS (5l wses il (T) T el b eds Ol
Jize oS2ule3l 4, 6))%«2‘ S el 5 amS Gladised pled b 4 oS 000 s ¥ e a5l Sole w5 LS
b a3 038 Clal 51 50l S0 5 SIS il sl Sl s a5l e ped L

ol Gl 53 50 enl e ged (V) Wi (I Jlie 53 ¥ °C gles s Sl Ol b 5 (B) shuarn s

! Ashless

2 _ Raw Sesame Seed

8, Washed Raw Sesame Seed

4 Hulled Sesame Seed

%, Hulled Roasted Sesame Seed
® Tahini



ol Cusby 030 VU s & HSS s WRSS (slaes S 5,50 3 ol S5 4 p3Y s (IS5 by 3 5 sy 4t
.xuw@L;J,ﬁéujguidnﬁw”wfwCdugﬁwwmpm
Sonika, ) QL-001 Jus 3, bl b sds Ol oS wsai o 5 V0 lie Mol 50U S Wdiges (550 23b]
w bdised 5 43S 055 wis S S =1 (GE-220, A&D, Tokyo, Japan) rjf o/on) S35 L sssl5 Lesyl L (China
33,8 cpend S55 3l Olyee Oley ol 31 g ki3 8 513 sy (6 ,Se3Il 5 ot g VY TC sl s eln Y S
O8) sy 2B 035 0 bt 505 B 1SS as &)l >~
Kerr Co, ) KERR 666 Jue G iSOl 6,58 55 15 05,5 e b 0l g Lol g0l lhnl ¢ e el Chle i
U S 4 bl dibe Ky w4 @50 00 Jds B Celu AV e 4 00 £ 00 °C sles L (Michigam, USA
e B o el 3 SIS L gad 5 638 Ll 6358 [l do s VO Km0 el 2l ke Vo lde (e e
St YO o My 1y ool CBaE I ghone 5 0313 5o (FY wjlet pails) ilo 51 e T a5 035,5 S yios
oS 3 Lagdites s 25l CBE pnd (1 Jgloms (al (OV) b (3l ol HSS Y L ladipoi oles s Jize
5w s oy (Spectro Arcos, Kleve, Germany) (ICP-OES) \LSJ}'.' e e o G sl i gladl
A (658 oIl eBas pl b s ged paled s

BLol ek yod 3l e SV w Bade Gz ol ) e Yo eslinal b e eaa g 5l Sl S g
0313 )l peblie O5an (555 Lad gal (ot Sl ey s SO BLI sles 3 Sl Y Ske 4 Laad gad b a3l 6321
Froosled cyeily dlo B bu s e o 5l ) b ¥ e Ao 0AE Glid Oloj B 4 ges 45 LS enls o3l 5 A
V) 335 2 e Voo o 0 0oy U e T L 5 s S 2l
oMbl 5 Lol K Sl3ls Olpe oy S 503 ad gl (3lwoslel 51w : ICP-OES b ciliseo gl (glgixe comts
Sl oMbl 3b oKy Slles gla el )b .23 S &y so ICP-OES olKaws Jav g5 5 5laal Ol e dugd oKils (555 50

RGO P WA I QL\LJ\ Jj.,\z-)b oK’I«ub))]\ﬁjl .19.\.«:).7 ol

! Inductively coupled plasma - optical emission spectrometry



K SIS 5 59,0 Siae gl LT g ICP-OES ol&aws Lyl 5 -V Jpar

operating conditions for mineral analysis Table 1- ICP-OES

1.45 kW 7
power

15 min (05D Lty 56 5L oo
Plasma gas flow rate (Argon)

0.5min™ A S e
| Nebulizer gas flow rate
1.5rpm R
Pump rate

20 3 5 e 0L

i Rinse time
0.5min™ F e

Auxiliary gas flow rate

P G5 b ag il e lale s S5l 5K a5l Il slad om0l s s S
et Ml LS Gl skl e dslee A esls Ol SRl e SN e e S 2 sl
S5y s ol 0 0313 OLE Y st 53 (LOQ) " aS e A 5 (LOD) | jasies do 3l ol e & 0T &0 S
A3 8 5 I 51 SG e skl o 5 8 G5 olos 4 o 5 4 b ebel Ol G e ) cile sla
G35 s S I 5L Calg 53 S Gy oius 4 Cilne ek gel Sl el 4 Gl gome i ol 51
9 s Und a3 3l 51 Ky o Cle 515 m o gy e bl (gla i 5 S Lo 3 cad gl 4 pa5 035 (S5l
A S S el S 08 s e S e
AT ojlad 4 Olal o Ikl b Gllae Wk sad o sh) Slsiomn end g diged nSB g Cugby (glgione (ot

St by s Kalb by s W) < OF 035 s S ops odd i 13 5l a3 45 ((O0A) AS Jes (Y4YY)

! Limit of detection
2. Limit of quantification



53 S 3 5ol 53 aids Y Dode 0 OS5 e S s B S 13 V0 °C by ys cel Sde a4 Sk S

S %Jétb‘”ﬂﬁj43.5[“0‘,6.5QCW‘)"&S.;JAJ)'Mb‘&#rﬂﬁd'ﬁﬁ}&ﬂ'})f‘suw—vJ}-\? Colg o

ol Ol
Qs 44 gl
) <l
*3X) el
W ol Sl
.(W5) L S

s S alee ) oalaly Sl eslinal b lad s sy (gl sios

Moisture (%) = (W, —W,) x 100/, Vi

s S ale Y oaaly b 2SSt 3 5 Al fas 3 S5 LS e s 4 0T L Gile g nSL e S
Ash content (%) = Wogn % 100/ Wegmpie ¥ okl
Do b bpSile galie s ANOVA &b S ibols 30T candlls pl sla i alas 55 2 (g )lol Jalodi g 4y 3005
(Minitab Inc., State College, PA, USA) \# (sasul o5 e 58l o Shedlial by Ao 5340 Dbkl laws 55 S5

25,8 ol STl o5 Ll sl ey ok 35155 3510l Slmil 4 Sls el el o



guantitation

dJMbJMbsM

Table 2- Concentrations used to plot the standard curve for each of the elements, the
regression equation, the correlation coefficient, the detection limit, and the limit of

o o s
RSl J>
3 (’)f ) (R?) . P AL s
. . Mineral
(# LOD Correlation Regression equation
LOQ coefficient type
(mg/L) R?

(mg/L) (R

0.1 0.033 0.989 y =61874x - 1183.1 Na s
0.482 0.14 0.9841 y = 13793x + 81725 K ES
0.491 0.16 0.9998 y =67276x + 3161.8 Ca s
0.054 0.017 0.9997 y =108395x - 3852.5 Mg pogss
0.052 0.016 0.9998 y =15161x - 1158.8 Fe &T

0.51 0.161 0.9999 y =263337x - 354.12 Mn L.
0.513 0.161 0.9939 y =23.25x - 2.675 Co s
0.516 0.168 0.9999 y = 6397x - 288.19 Zn s
0.050 0.016 0.9998 y = 64933x - 3234.7 CU e
0.051 0.017 1 y =5189.9x - 98.28 MO a5
0.051 0.016 0.9999 y =9232.6x - 134.57 Ni
0.050 0.016 0.9996 y =24435x - 1345.3 Cr 035
0.052 0.017 0.9996 y =2324.1x - 4.9268 Pb o .
0.052 0.017 0.9982 y =12807x - 268.46 Cd 3l
0.053 0.016 0.9999 y = 688.08x - 19.916 As Kol
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Table 3- The moisture and ash content of sesame samples during the various processing stages to

tahini
S
T HRSS HSS WRSS RSS
Properties
(1) Su b,
0.78+0.00 e 1.80+0.02d 2.02+0.00c 428 +0.02a 3.90+0.00b
Moisture
() poS=
2.81+0.04b 256+0.04b 2.83+0.03b 5.28+0.09a 550+ 0.24a
Ash

il o P <a/r0 o 53 ol gne @bl ool odms 0Lz o o 53 alie b Gy il o skl Gl il & Sl &b
HRSS (5,8 gy 5l g A2 €503 HSS (53 5 o ) iy oS €505 WRSS sy b 5 0wt ol diS' 505 RSS
ol T 50305 51 5 6,8 Gy 31 Lo oS @505

- Data shown are the means + standard deviation. Different letters indicate significant differences at the
significance level of P < 0.05. RSS: Raw Sesame Seed, WRSS: Washed Raw Sesame Seed, HSS: Hulled Sesame
Seed, HRSS: Roasted Sesame Seed, T: Tahini.
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Fig. 1. The effect of different processing stages of sesame into Tahini on the content of essential nutritional elements: Potassium (a), Calcium (b), Magnesium
(c), and Sodium (d).

- Data shown are the means * standard deviation. Different letters indicate significant differences at the significance level of P < 0.05. RSS: Raw Sesame Seed, WRSS:
Washed Raw Sesame Seed, HSS: Hulled Sesame Seed, HRSS: Roasted Sesame Seed, and T: Tahini.
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Fig. 2. The effect of different processing stages of sesame into Tahini on the content of trace nutritional elements: Zinc (a), Iron (b), Manganese (c),
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- Data shown are the means + standard deviation. Different letters indicate significant differences at the significance level of P < 0.05. RSS: Raw Sesame Seed,
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35.

Assessment of Changes in Mineral and Heavy Metal Concentrations in Sesame Seed During Its
Processing into Tahini

Abstract

Background and Obijective: Sesame seeds (Sesamum indicum L.) and tahini are rich sources of various mineral
elements, and their consumption is recommended in the diet. However, these products may also become
contaminated with heavy metals through specific agricultural or industrial processes. Considering the high
nutritional value and widespread consumption of sesame seed and tahini, either raw or as ingredients in various
food products, this study aimed to investigate the effects of different processing stages of sesame seed and its
conversion into tahini on the contents of essential minerals and heavy metals.

Materials and Methods: Samples were collected from various stages of sesame seed processing into tahini,
including raw sesame seed, washed raw sesame seed, hulled sesame seed, roasted sesame seed, and Tahini. After
sample preparation and ashing, the concentrations of heavy metals—arsenic (As), mercury (Hg), cadmium (Cd),
aluminum (Al), and lead (Pb)—and essential minerals—sodium (Na), potassium (K), calcium (Ca), magnesium
(Mg), iron (Fe), zinc (Zn), copper (Cu), manganese (Mn), molybdenum (Mo), cobalt (Co), chromium (Cr), and
nickel (Ni)—were determined using Inductively Coupled Plasma—Optical Emission Spectrometry (ICP—OES).
The statistical analysis was performed using one-way analysis of variance (ANOVA), and mean comparisons
were conducted using Tukey’s test at a 95% confidence level with Minitab software.

Results: Both sesame seed and tahini contained considerable levels of essential macro-minerals (Na, K, Ca, Mg)
and trace elements (Fe, Zn, Cu, Mn, Mo, Co, Cr, Ni). The various processing stages had different effects on the
mineral composition. Overall, the contents of K, Mn, Cr, Mo, Ni, and As significantly decreased after washing
(P < 0.05). Similarly, levels of K, Mg, Ca, Mn, Cr, Co, Ni, and Mo significantly decreased following dehulling
compared with raw sesame seed (P < 0.05). Roasting of dehulled seeds caused a non-significant increase in Na,
Cu, Cr, Mo, Ni, and Co contents (P > 0.05). In the final tahini product, Na, Zn, Fe, and Cu levels were
significantly higher than in raw sesame seed (P < 0.05), while Ca, Mg, Mn, Cr, Co, and Mo contents were
significantly lower (P < 0.05). Among the heavy metals, only As and Pb were detected in raw sesame seed; Cd,
Hg, and Al were not detected in any samples. Washing significantly reduced As and Pb levels (P < 0.05).
Dehulling had no significant effect on As content, whereas Pb content slightly increased without statistical
significance (P > 0.05). Grinding and tahini production caused a significant increase in Pb concentration (P <
0.05), whereas As levels in both tahini and roasted sesame seed were significantly lower than in the raw seeds (P
< 0.05).

Conclusion: The findings indicate that sesame seed and tahini are rich sources of essential minerals and can
contribute to dietary mineral intake. Washing sesame seeds before consumption is recommended to reduce
heavy metal contamination, particularly Pb and As. Nevertheless, due to potential contamination risks, moderate
consumption of dehulled sesame seeds and tahini should be considered in daily diets. It is further recommended
that tahini producers use sesame seeds with minimal heavy metal contamination and employ proper processing
equipment to ensure the safety of this popular food product.

Keywords: Essential Minerals, Heavy Metals, Processing, Sesame seed, Tahini.
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