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Introduction

Coffee is one of the most widely consumed beverages worldwide, with an estimated annual intake of about
500 billion cups. Roasting is a key step in coffee processing that develops the desirable color, flavor, and aroma,
but it also promotes the formation of acrylamide through the Maillard reaction. Acrylamide is classified as a
probable human carcinogen and has attracted increasing attention due to its occurrence in a variety of heat-treated
foods. Given the growing popularity of coffee among the Iranian population, determining acrylamide levels in
espresso and assessing the associated health risks are of public health importance. Therefore, this study aimed to
determine acrylamide levels in commercially available espresso coffees and assess the related cancer and non-
cancer risks in adolescents and adults.

Materials and Methods

In this study, a total of 35 espresso coffee samples were collected from the market. Of these, 26 samples were
obtained from coffee shops (ES-C), and 9 were prepared at home from commercial coffee powders using a
household espresso machine (ES-H), following common local preparation practices. Acrylamide concentrations
in all samples were determined using HPLC-DAD with a mobile phase composed of water/acetonitrile (97:3, v/v)
at a flow rate of 0.7 mL/min and a detection wavelength of 202 nm. The average daily intake (ADI) of acrylamide
(pg/kg body weight/day) was estimated for adolescents and adults based on the measured acrylamide
concentrations and the available consumption data. Health risk assessment was performed by calculating the
margin of exposure (MOE) for carcinogenic effects, estimating the incremental lifetime cancer risk (ILCR), and
evaluating the non-carcinogenic risk using the target hazard quotient (THQ). The obtained MOE values were
compared with the reference value of 10,000. In addition, carcinogenic and non-carcinogenic risks were evaluated
against internationally accepted benchmarks, including those established by the United States Environmental
Protection Agency (USEPA).

Results and Discussion
Acrylamide was detected in all analyzed espresso samples. The concentration of acrylamide in ES-C ranged
from 2.15 to 9.16 pg/100 mL and was consistently higher than that observed in ES-H, which ranged from 0.93 to
4.00 ng/100 mL. Despite the presence of acrylamide in all samples, the estimated dietary exposure via espresso
consumption was relatively low. The EDI of acrylamide from espresso was calculated to be 0.004 pg/kg bw/day
for adolescents and 0.007 pg/kg bw/day for adults. For all samples and both age groups, the MOE values were
greater than 10,000, indicating a low level of concern and a low priority for risk management regarding
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carcinogenic effects. The incremental lifetime cancer risk attributed to acrylamide exposure from espresso
consumption was estimated at 0.244 x 10 for adolescents and 0.221 x 10 for adults. Since both values were
below the 10~° benchmark proposed by the United States Environmental Protection Agency (USEPA), the
associated carcinogenic risk was considered to be low. Non-carcinogenic risk indices were 0.0019 for adolescents
and 0.0026 for adults, clearly below the threshold of 1, suggesting that non-cancer effects are unlikely at the
observed exposure levels. For all evaluated parameters, acrylamide exposure and the associated health risks were
higher in adults than in adolescents. This difference can be attributed to higher consumption rates and greater body
weight-adjusted intake among adults.

Conclusion

This study shows that acrylamide was present in all espresso coffee samples collected from the market, with
coffee shop espresso generally containing higher levels than household espresso coffees. Nevertheless, acrylamide
exposure through espresso consumption alone does not appear to pose a serious health risk to the studied adolescent
and adult populations. The high MOE values, low estimated cancer risks, and non-carcinogenic indices well below
1 collectively support a low level of concern. However, espresso is considered only one contributor to total dietary
acrylamide intake, as acrylamide can also be formed in other thermally processed foods. Therefore, evaluation of
combined exposure from various dietary sources and further investigation of cumulative health risks are
recommended to provide a more comprehensive risk assessment.

Keywords: Acrylamide, Carcinogenicity, Coffee, Maillard reaction, Risk assessment
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Sample code (ES-C) bl (B j1 00si (5 59l@0n (sWaigai
*Samples from coffee shop (ES-C)
1 (25 ) baogagy [ (15+) Ko plagl Josy bugie
Arabica (40%) / Robusta (60%) Brazil/Vietnam Medium
2 - - -
3 (AR S Speul] g8l ] xin oy
Robusta (100%) India/Ethiopia/Indonesia Dark
4 - - -
5 - - -
6 (A7) asgrsy | (V) e (s 759l) Logesy / (ss) Sy bogie
Arabica (70%) / Robusta (30%) Arabica (Ethiopia) / Robusta (Indonesia) Medium
7 (Vo) K balS Lwgio
Arabica (100%) Colombia Medium
8 - - -
9 - - -
10 - _ 035 U lawgie
Medium to dark
1 (%) gy | (AY+) Kagpe sn / LalS Lusgio
Arabica (70%) / Robusta (30%) Colombia / India Medium
Arabica (70%) / Robusta (30%) Colombia / Ethiopia
13 (7)) Bae i bwgis
Arabica (100%) Brazil Medium
14 - - -
15 - - -
16 (9+) asgisy | (Z¥+) e (pLitig) Lwgagy / (jn) Banse 05 b lawgie
Arabica (40%) / Robusta (60%) Arabica (Brazil) / Robusta (Vietnam) Medium to dark
17 - - -
18 - - -
19 - - -
20 (7<) ogag) | (ZA+) Sy (plag) Lwgesy / (j) Bane bwgie
Arabica (80%) / Robusta (20%) Avrabica (Brazil) / Robusta (Vietnam) Medium
21 - - -
22 - - -
23 - - -
24 - - -
25 l"’.‘“’y” 9 K’:’)'c d)'_v'}.ﬁ‘ / L"‘"’J{ _
Arabica & Robusta Colombia / Indonesia
26 (A)- ) Sape . basgie
Arabica (100%) Medium
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(ES-H) (S5 jlugus ppul bawogi 015 dstg sladiges
Samples prepared using household espresso machine (ES-H) **

27 Lusgrgy g Baope
Arabica & Robusta
08 (AN e+) By
Arabica (100%)
29 (4y-+) Koo
Arabica (100%)
20 (hree) S
Arabica (100%)
31 t‘“%} 9 lS"’)‘"
Arabica & Robusta
3 (N e0) Ky
Arabica (100%)
33 t‘“’%” 9 K"’)"
Arabica & Robusta
2 (hree) S
Arabica (100%)
35 Lsgzg) 5 S pe

Arabica & Robusta

b).i.? L ]a.w92.n
- Medium to dark

o] 0y U Lawgio
Ethiopia Medium to dark
oy
Dark
bwgie
Medium
c),,‘:' ] ja..w}fw
Medium to dark
bgio
Medium

B

Ligh

bogio
Medium

W d)ﬂié‘? 0l (gl 5 slrogrd (sdbdius (59, leMbl | (Sao s b leMbl ** Gad 6)5]6“? Lols B gt | St b cleMb| *
*Information was collected from coffee shops. **Information was collected from labels of packaging

TWRESRCNY I SIS KN (Relo) JPSC IC IS IFAREIN
SIN bleo oyl 53 .0 okl (V) dsleo 51 LOQ 4 LOD y5ldo
(V+ o LOQ (sl 5 Y Jolao LOD (sl) 5295 2 JuSpw g
eyl H g sals diges plolid o g jlde N ciges cdale C
Khaloo Kermani et al., ) 5L o dige5 ololid yloj 50 JUSuw

(2023
C XS/NxXN
LOD,L0Q = ~————— V)
b byl wy
S a0 B3y 5 (EDI) saala STl g &l 3 (p2ads
}w‘,;\.l.ul 0 943

uae (Nematollahi et al., 2020) ), Sen 5 U] coass

Sygods |y Glpl dmels 3 Gglite o (slaog)S )3 (59)/p)5) ok
Oblezgs )3 /A £ Y/o¥ (o Y=V4) 483657 5 +/FY £ V/Ve
olie doe 13 .00)S" 5155 (Jle £V-AF) cpune Dl y81 > < /55 £
ook 3 VWS )5 g (Ulsrg lp i Sg) 3 25 Vg +/AD
Karami et al.,, 2022;) cé,5 |3 oolitwl 3ys0 jo ol
W I Glers S o5e (wSke (Nematollahi et al., 2020

2- Limit of quantification (LOQ)

818 33l 98 gy 43 sl ST e (pmans

36 Gk 4 (oWl KNAUER) HPLC i jghaie oyl sl
kB 4 YO+ Jobo L (Eurospher 100-5 C18 jgiw oS by ysSao
ot 4 ere HFSlsS o ad pbl oo Y5
Smartline ) byl Juew (Smartline Pump 1000)
PDA) Sy iduld  jl,lKsl 4 (Autosampler 3900
—(aY) ol Sy Jols e 16 .>g (Detector 2800
3 g Yo g ey o i ue IV o poo b (AY) g
YO slod pd ygiw 4 (5)lkiw] sl Joloee b o 5005 0)lac) digos
a5 Jsb 2l o1 Gl 5 1,5 50,5 oS sl 420
Bl 35 31,5 5o sliesls iy 28,5 plosl taslh ¥
Wges ) bl Jlade yond s A3 plisl EZChrom Elite
2 Ol (o may g (28 2kl (g, Jeeme
ebolis a5 odlazul O )y p)S e +/YO-Ye Slale odgae
Gl 5 ol ooy dwalie b Jppme latiges > 2l L ST
285 &ygo 3 kil Jslomo g Jspme diged )3 el o ST

SIS gl g S gy (e yluicl
oy slagell (48,5 a5 3 b o B1)Sgileg)S A g,
5 (LOD)' asuts jlaie Jiho (2bjk b)) como (R?) (s

1- Limit of detection (LOD)
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2 R 033 PSS 2 p 5555 P 5 7Y+ AV- cwBMDLig
..\:u.é)f )])5 DJLR..:.AA:I .))9.6 5}5)

MOE = ——= (%)

28 Jgb 53 Gl e il B sl (yaedd
3 el ST 8l iboas jas Jsb ) Glop l33l s
i cblis uilil g o (o G pas bl ) (e 025y )b
ool el 005 gy (USEPA)Y oaito VL] Gy jlagieas
(32 o9 yelyb) ILCRMsleo (pl j3 il dwlxo () dsles
Febly WS o pla 1y 38 S (S5 sk 3 gl il Sl
o3lo U pao a0 IRi (ROIKG) T 213 o3Lo ;> suol ST e Ci
e > 5355 )8 loj ED® (glday) (s 09,5 2 01 ol
B oYLS)h e o ¥ ol Jlo cus ) sl oS
(b 52 59, Y50) a0l ST (5520 )3 (285 8 oglis EFY (( Jlus
19518 CPYY ((mg/kgyday)? /0) sl bo,ST cws Jole SFY
&ly) oy & dsly Jsaw5 oy ADAFY (V-7 MO/ug) uscas
5 15 5V Jlo V8§l st ot sly o ¥ Jle N0 b Y
AT 5 (Kg) s 5y50 (g 09,5 13 38 1 (3j5 BW (5550
Ve o sl 2 gy YOOB:) Blge (bl slp loj (ke

[(al., 2020
ILRC (¥)
C; X IR; x ED x EF x SF x CF x ADAF
B BW x AT
20ty pad gl (uads

s S opesS pghiea (THQ)™ Gua jld oy
SoS w i olie osle 5 el o ST il s plin @ ol
S g G jhs cups THQ o o a8 i dulxe (8) doles

odlo 3oyl 5l el s ,ST cdlys liae EDI sl dm 29 yzelyb

7 - United States Environmental Protection Agency
(USEPA)

8- Incremental lifetime cancer risk (ILCR)

9- Exposure duration (ED)

10- Exposure frequency (EF)

11- Slope factor of acrylamide (SF)

12- Correction factor (CF)

13- Age-dependent adjustment factor (ADAF)

14- Average time (AT)

15- Target hazard quotient (THQ)

YO 5 (Jlo £o JOA) JUSs5 5 p)SskS £ g o (Lo
oy (Nematollahi et al., 2020) 15 «3)5 a5 5 pSelS
5 (nafkg bwiday) sl b ST ail5e, by suess Hlude o wlal
(V) daleo g9y Jl (o 09)5 2 (sl gl 0908 b )b
i 2lie oole o sl Jo)ST Jlade Ci ol o a5 wd )5 awlxe
% 039 DW 5 (0/day) | 13 o Sy oo IR (ug/k)
Nematollahi et al., ) cuwl w slog)S yolwl 5 (KG) 2,8

(2020
Estimated Daily Intake (EDI)
_ i G X IR (v)
bw x 1000
sl ST o L agalga (s

(e 5y 3l oad by wel b ST s lise b)) sl

ol (MOE) Vsl 51 Jas s a5l s oo 5
Wblro Cpl 53 0 dusloes (V) dolre 53,4l 51w (slaog )5 (gl &S
s> BMDLio (s (39%) el s ST s | agslge ansls MOE
HO/KG ) i ol ol Gpan o)l 5l el ST &g, il
Sl w5 sl (Nematollahi et al., 2020) ¢l (bw/day
00,5 FAOWHO  Syuie aieS atwel ST ol oo
1103 )57 g ,\.\.aTJ))ﬂ sy )BMDL1p fles b Soxe 590
Eard Sly 9y 2 0N 0l PSS 2 PSS VY- ()
P95 WA () 9 odlo (2l (sl Sge 5 (Sl (sl )y9095
P T 0se (glayseg Sap sy 59y 20 Y 0jg PSS
i EFSAP gyl lié rorl gye 45 Casl Joy3 ) ge
sbsely jop sl 1y Jay 0> 0% Qg S 2 p)S9See V-
Sl D) 3s) 0 o Gis PSS ¢ eSS TY 5T S Mgl

1- Margins of Exposure (MOE)

2 - Benchmark dose lower confidence limit 10

(BMDL10)

3- Joint FAO/WHO Expert Committee on Food Additive

(JECFA)

4- Harderian gland

5- European Food Safety Authority (EFSA)

S Saleg (st ) slasgorme & Vgane Seiwdlygts aul, -5

b (S 2) mdUgs Wlgioe &5 Cl (Bl b i ) oDy
bl (S y) iy
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b gl 4 e oS Al gyl Gbajlugu el 2 YL
A Algd SlS 5 5l g
SOl cal oad 03> LS Y Jado 3 &S s jliel gl
s b i p 59 Sen YOF oo e o3gioms 3 o gl
Ol G pd 50392 98 B Loosly (6 0dg)l S5 090 +[AAY (e
ol Canddy (12 y> +[FO-YIOR) 20> ¥ 5l S Jlgio o) aw b
G 3 PSS 2 p59sSen YoIF 58 polis & 50 aeloxs
£S5 5,5 YV 4§ & (Endeshaw & Belay, 2020) HPLC-DAD
5 (Haiyan Wang, 2008) SPE-HPLC-UV 3, b jl p,55LS 5
Oroian, ) HPLC-UV lLwg \WWOA-VF/Yy YE-F/Y odgixe
olbe ;3 LOQ 4 LOD (¢l cuiya (Amariei, & Gutt, 2015
a0 b Io e dopd Ve ogrd diges I obiL duoyd w00 6Ll
@ 6T ela 3y elgsl o)l el Cawts A EV/D bawgie Sty
o Sy 5 )1 (S T g gl il U2g) 4 298 JB U
5 zlzel sla b, glgl (Sebastia et al., 2023) xol> (6)g50
S 0ol L5 sy A B o 350 Sl o ST 3L
VoA B Vel adllas 3y90 Ve o yd Aol o )ST SbjL so s

.‘)9{ )..«—i:.;o M).)

gyl (5120 968 wsal s ST lude
odimd L5 48 oad aoME Y S 53 ladiges el ST jlade
i A8l o adlls 3,50 (lagus sl 3 2ol ST (lsimo 55
ke Voo pSesSes T8 2 YN diged YO 5 S0k
ES-C ;5 el o )ST el clyess cib «Jlo oyl b .5 s)liS
RO BYN £ /N IES-C s i oyl 93 ES-H I 03,25
G /AT £ [o0 JES-H 15 5 s doe Voo s p)Se 50 AV £
4ol dogi b ool Cowts i Lo Voo g p 59,80 Y00 E /)Y
o eamd ial381 1y il o s Wl go el o ST (VL joolie
A3 lad 0393 )3 (385 (nl )3 () 2 3)90 akiged | go )
Ohgy ST caby male ol 4 i gl ise 0 o5 25,5
Loyls o B 55l oged ,o awel o )ST cdale 1y 0gad 3,8 o
Syan LS plo b Gingsy ool J Jeols polie Jio ol
2 PSS9y VI¥ = ¥/ g VIV = 0/A polae 4 &Ylie p> sl
OB Ggde 9 0B Slagw el Sl cga e Ve
Alves, Soares, Casal,) L ;0 35350 sy slaydg
Voo ppSe,Sue +/VY = ¥/ (Fernandes, & Oliveira, 2010

2- Tolerable daily intake (TDI)

b ael ST (Shes a5 539 RFDY 5 (ug/kg bwiday) i i
el Sy ol (TN Joss 6 alisy Gy S len
2 eSS ¥ Y o sl ST ¢l 1) RFD jlaie JECFA
e adllae cpl 53 &S Cunl 03,5 (e G9) 3 O O)y PITS
51 yio THQ 81 0 a8 )3 jlas s (ug/kg bw/day) ¥ lewsis
Ceodls 8l S st 5 0l Jhd Sy gy Sk el S
Aghvami et al., 2023; Karami ) cuol asdlles 550  Slusl dxol>

[(etal., 2022
EDI
THQ = oop (0)
oty (g bl i g 4 5o

Cygods gulis g ol ploal )S5 93 53 ladiges oled gl yscil

obly oS g 42328 3,90 gl 000 Gl Jlaae Byl £ (S
b ooeg] (shaosls (xSls olus slise 5 45,5 15 (ANOVA
5 2y plool (P /+0) 2o y3 B lisalsl s 53 5SS (y90)]
Excel ,l38lay 5 odlil b ayloges 9 3JUT Minitab ,l53ls 5 L

e

SISl g S Lh gy (e luisl
i b oged 3 39230 Aol b ST Lulit jglatens SOl o 5
Ve 5 ids il e oIV co g 5 (1Y) Jeyiisil [ (Z3V) O
5 il gl eSS & e (AS) JSE) el
leli (Sl &S 10,5 w905 I Sy (S ssnb g La S S5l
L .(B-) JS3) 5,5 walyp 4ids £ 5l a8 Sloj )3 1y sl o ST
Michalak, Gujska, & Kuncewicz, ) -yiisce ylo gulis 4y as g5
M= (2013; Wang, Feng, Guo, Shuang, & Choi, 2013
9 Bged S il ) sy 2Uly Jplie & s i
235 8 5 xS |y Sy Suong sl ol S sl
Job 3 Jyisgil &S cnl den I Sere w30 i) g
55 Jgio 4 Com |, UV G5 (taglhs Y- 15) oS (sloge
gl bd o) o gp GBI Jsas a0 53 9 S o0 Ol
olialie (Shimadzu, 2021) 35 salgs jloye8 5 (b @S
5| osgll ilye 4y ES-C elapl Sgilog s o5 ol sl bo o0
) ookl c0ge8 yidu polie 3l eolaiwl Juody wilgs o 4S54y ES-H
b g lod b g agliste (Sidyy oy g (oland <S5 L looged

1- Oral reference dose (RFD)
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Michalak, ) gwywl o odd  ld gouild « S5 ogd
Czarnowska-Kujawska, Gujska, Klepacka, & Tonska,

Han, ) 5w o588 ) yid oo Vor o p,Soib YA+ — 00+ (2020
Voo ppSel FVe—0F. 4 Ya.-¥Y. 4 (Boo, & Chung, 2020

Kang, Lee,) sy ogd 5 p)5 omd » culy yulsba
Cuwl 005 oLl (Davaatseren, & Chung, 2020

Mesias, & Morales, ) 'l yile sy (g puwl jd yiJ oo
ogad il oo Yoo yd el o )ST 259,50 VO/A I /¥ (2016
&y oolel 03,5 25 0908 VY (S5 i 0988 Y (5599 0983 YY)
Y/Ao JI V- (Basaran, Aydin, & Kaban, 2020) (b
{Galuch et al., 2019) oais y2ld o508 yi Juo Yooy p)59,500
2 gy 35 ) e Voo g 59,800 VY 4 Y/A0 XN /Y-

A B
1000 = f
-l f
o j‘ 60 r |
2 =4 - |
£ e /
g % oo =7 -
_ci —Z" §' 43 : Acrylamide
=} B o=
2 .4 E f
<2 ] o2 ‘\\ e
. =
04 if )
200 22'5 2(:0 2';5 30’0 32‘5 3,"»0 3;5 400 T
Wavelength (nm) ci )
() 232 Jso e
(Karpe a0 yd Vo) (2Blg digod 015 95k0g 8 () el s 5T 5 lusibins Jglomo cpb (1) =Y JSU5
Fig. 1. (A) Spectra of acrylamide standard solution. (B) Chromatogram of real sample (100% Arabica coffee)
YU o5 b @lo (S5 5keg 5 bawgi wmelihy ;5T 5001 (o el (sl il Y Jogsr
Table 2- Validation parameters for acrylamide analysis using HPLC-DAD
sl e
Parameters Values
B | JE | o 5 o,
NN 25-3000
Linearity range (ug/L)
N =5) s co s
o (N=P) o . 0.997
Coefficient of determination (N = 6)
jaseis BB clale J8las 019
Limit of detection (LOD) (ug/L) ™ '
CSoilul B cdale Jslas 30.62
Limit of quantification (LOQ) (ug/L)™ '
bk
92+15
Recovery (%)
T dgio 59y dw (b 5ylukl Jobre aw (slyy (CV0) @l s i 250 pg/L 35+0.29
Coefficient of variation (%CV) for three standard solutions during the three 500 pg/L 2.8+0.11
"™ sequential days 1000 pg/L 0.65+0.02
Vorr g 0ee YO laclale ™ (6 pSoilul 1) Vo g (L 1) T g 4y Ui G 1 0 dlre ¥ ¢ pul y IS e 5yl (glaJsloxe slass N *

85 5118 (ge3l 3)90 Jlgie 9y d (o Sl o e (sl g 08 QLR (pgnl,JIST deie 3L g Lawgie (o5 ok plyied i Sa U e e S
*N number of calibration curve standard, **Calculated from the signal to noise ratio of 3 (LOD) and 10 (LOQ), *** The
concentrations of 250, 500, and 1000 ug/L were selected as the low, medium, and high levels of the calibration curve,
respectively, and were tested to determine the coefficient of variation over three consecutive days.

1- Vending machines
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© 2 S 955ea) sl ST ylaie

Acrylamide content (pg/100 mL)

(2 (oo N

1 23 456 7 8 910111213 14 1516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35

Code of espresso coffee brews

aslllas 5yg0 (s digas A

gyl 095 53 (A oo Vo0 )3 0,59 ,500) ol STl =Y USWS
(Yo JITY 58) (2,b s gies 9 (ES-C) e gan SL (B 51 0 (5 pglaon slrdiges (Y1 JN ) ) (o s oygiw
il oo (ES-H) (S 5lurgw sl bawsgs s a glos!
Fig. 2. Concentration of acrylamide (ng/100 mL) in espresso coffee analyzed in the present study

Blue columns (code 1 to 26) are espresso coffee obtained from coffee shops (ES-C); Orange columns (code 27 to 35) are
espresso prepared using household espresso machine (ES-H)

0dgde 4 Hlde cpl b a8 0 Glusbre (gjlwslubivl
gl 4y 295 b g )15 58 gus penl s gl Jghite olie Jola>
able 4 bl 4 iy ojlul olBiwd g9
oid g e oBly Lulyd 33 el Sen o EAISC puae
calllas oyl Slusls ynle 5 4l e oyl 5| e 2150 e
Mo gyl @2 o s (sl 0988 g1yl Jlade I edlatl
4o )3 5 098 39 p)S5hS 52 £)55)Se0 e g1 Bl el s ST
VIO Jlade jl eslil ¢ oplpl Ams o ialS 1y ailjg, cély,d 5yl
5005 &ySele jhd g arzlse 1 3ygl0eS jlellns 3 p )5
Jaie s oJlo cpl b amde 4l gl Salaibes (3,0,
by o9l g omd g e & Gudy slue I el ST
OBBgR > Cal open CusaBpse Sl (Sl b plomen il
3 Mogd gy blie el o )ST Jlade" gt (slaosls ¢pols
o3le ;3 dael ST Jlie plen b Ci plgisds (san Slusbmo alos
Sge skad byl adlhe cax (pSkS 2 pSeSwe) T (23
4 Loyl 4ol il yyie 3udo a8 canl S5 LS A58 )5 )8 solatuwl
sy 2ol 58T e gdaws ¥+ VY Lo Ggaan YIOAY VY o )lo
AB+ ()95 o9 (Sl 9 PS5k 32 )9S ¥ov ol o

Strocchi, Rubiolo, ) cuwl oads 48,3 Jlas 13 p,56lS 1 5,590
.(Cordero, Bicchi, & Liberto, 2022

B b)) e

098 Sy Bajb 3 saels ST il g bl o (2ads
S gl

9 e dlse Brms 303k 3l Al ST a2lge (ress (ol
(oxelcawdas 0ged 4> sl s ST clale) g48g (slmodls Jolis 03l> g4
Carer S bawgd olie Jaame cdlyd l5u0) B pas slaodly
» 8,5 1,8 (Nematollahi et al., 2020) cusl 5L 350 ((pene
o3y 90yl Ly b (slie odle Bpns 3k el s,ST 3o
9 s el Camedr G (139 (e 2 e 9 294000 dpmla
2o 0 S5k » el ST 50,800 b p S e g0
asllas ol )5 (Akbari-Adergani et al., 2023) 395 o0 (b jo,
o o5 oy i sl Ve B ¥ g el oo
2 &S yolailen cpolal cpl poad 485 e 53 2 oo 0 (1SSl
22 50 el b )ST Jlade bwgie jobody conl o 03l (L ¥ Joas
YIEY £ AT i ESH g ES-C sl o6t e O+ lond
2)90 903 YO g90me 53 9 il oo 00 )3 p)59)Sue <AV £ 4 [0V 4
028 b el Cands i e 00 (3 259,500 VoY £ V)5 adlas
o918 92 p5 VIB gyl yid o B0 pa gl Sl (lp &Sl
alllas 3,90 0985 )51 ;> yblize drel ST ke Al 005 8y
soaieds (B8 cnl & Cawl S5 4 oY (1 Join) 3)5 dnule
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Table 3- Minimum, maximum and average concentration of acrylamide in espresso coffees and estimation of its respective content
in coffee powder*

. Ldiged dluxs POVRON) YT P IO [ TR A KT 0908 139 45 Bl wuel by ST Hludio
Vgod C- . T . )
Number of Acrylamide content in espresso Acrylamide content in respective coffee
Sample
samples samples (ug/50 mL) powder (ug/kg)
JEIKTS Sl eSSl BEIKES S5 Nas oSSl
Min Max Average Min Max Average
s (B — gy
Espresso — Coffee shop 26 1.08 4.58 241+£0.92 143.33 610.50 320.90 £ 122.57
(ES-CS)
JFe 3 00d 45— gyl
Espresso — Household 9 0.46 2.00 0.93+053 61.83  266.99  124.30 +71.59
espresso machine
(ES-H)
adess
oo Eroe 35 - - 2.03+1.06 - - 270.35 + 140.90
All samples

3L o gzl sl o Ol oged p,5 /D 31 g w3l yid Lo B+ olao g ppusl 00B lonid yn 45 5 (153 lndiges aled 5 *
* |t was assumed that each espresso cup contains 50 mL and was prepared using 7.5 g coffee powder

o2 b e BB Ogls (/YY) Bgw g (+/VFA) awsl s (VY F)
Sigdig > od 4 ogad 5l el b,ST by jlade dLiluol y3 .50
Oy P ASIpS9sSe) <1205 (I T WA e3gaze > apile
3 &Sy (Mesias, & Morales, 2016) i (y5)135 (jo,/ o
[ dgas 50 Jlo £ A Gl s ilisee (slaeg S EDI
Basaran, & ) sol cusy (joloot 0is pr55kSTpS9,5ue)e /)

(Aydin, 2020

— o[+ odge Ll g (slp EDI (l5se cdoMs ol

der¥ = IS edgime s YWS)n s ofee)
@@y bV Joi) 39 pesite (59, 0% G £ 9kST RS 95%)
L agalse olp (Tolaio polie c olie cble 5 Xa 3,0 wigles
O3S il slo)giS 53 ogrE Bpae By 3l el ST
cows el ST il e Jie lgied ol ord
Ol il lysiS 53 (oo s PS5 okSTp S 5,5%)
S adls +1¥8) Lty (+/-FA) sila -]+ %) sp] (+/-+0)

9 (JUe 1I-IY) (Ulg2 g5 baawgs gaw sl 2905 B pao 52,1 51 (39, 2 (39 05 945/ 05 955%0) elle ST 0L > (mess € Jgo
(Jlo YA-T+) oYW, 3
Table 4- Estimation of dietary intake of acrylamide (ug/body weight/day) via espresso coffee in adolescents (11-17 years)
and adults (18-60 years)

aigos 31 OUlggs OYlS )5
digod Adolescents Adults
sample e Je S oSl B S o
Min Max  Average Min Max  Average
S (S — g el
Espresso - Coffee shop (ES-C) 26 0.002 0.009 0005 0.004 0016  0.009
e 53 04 durd — gy
Espresso — Household espresso 9 0.001 0004 0002 0002 0004  0.003
machine
(ES-H)
(sl ggano 35 : 0.004 : i 0.007

All samples
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MOE ,slis EFSA (58 sk s WHO (sladros b
S5 S om0 8,5 8 5l (e gV L Y e olas
Copde sy omb Caglgl b g Cuns oaS (LSS oS 28 o ol
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Fig. 3. Margin of exposure (MOE) values for carcinogenicity of acrylamide based on BMDL10= 170, 310, 430

(ng/kg bw/day) for (A) adolescents (11-17 years), and (B) adults (18—60 years). ES-C (espresso obtained from
coffee shops), ES-H (espresso prepared using household espresso machine)



YEO YL 5 g Ulazgi 5o of ©dliys Jhs (b))l g Cdalé consi tgmw puanl 0508 50 ol o 5T (1,80 9 5o

o USEPA g &8 sl yae Jobo )3 2ol o ST aliollo oo
ol b dgalge o as gy Vernre 225l aS ol pme pdy g 00
o oo 13 by 2 Sl oo 15 5,5 )5 el Ly ST clile
=W &b plpl (Eslamizad et al., 2019) 55 salss 185
g el 0903 Elgil Bpae b adlllae 3)90 (duw 09)5 93 p2 D Jgi>
alyd gr 5818 el b ST aligbye s oy
93 50 dual ST amd L a8 3,105 3gm g usly SO el gae]
e pilPEl gy BB oeba | by s (b

.(Eslamizad et al., 2019)

(ILCR) 30t s 3 (THQ) ity s st
saals ST
ol by a5 055 izl 8 slorgss S0 Ko
Jsb 55 by Liulsél s ass 5 Lol polio sl ILCR
olod 53 Cawl oad o3 Hlis & Jgas 0 ILCR lea b yes
FoS 048 dwbxo e callla 3)90 (v 09)5 93 8 )3 9 Ladiges
oglito EDI iy le & il ) drgs bl5 4t el VXY -2 )
92 2 Slr (b sl 82 ) @l e jlad (g 09)5 93 o
st bre da XV L dae opl g alie biwd w04,

(THQ) 5l o e s 5 (ILCR) jo Jsb 5 ol oo GAa1531 s (sad =0 Jyin
Table 5- Estimation of incremental lifetime cancer risk (ILCR) and target hazard quotient (THQ)

. Ldiges dluxi KW PRCIRRY ILCR THQ
Sar:ZIe Number of  Acrylamide content oUlgagi oYWs 5 oUlgags OYS 5
samples (Mg/kg) Adolescents  Adults Adolescents  Adults
;\};'_*; 14333 10%0.129 Xi‘éf 0.001 0.0019
s ;s:» 5 <0.500
Espresso — Coffee 26 Max 610.50 10°x0.550 10 0.0043 0.0081
shop (ES-CS) b
ke 320.90 = 105x0.289 x0.263
Average  122.57 ' 105 0.0023 0.0043
- 5
J3te 3 02 g — g ‘I\J;:; 61.83 10540.055 018_&;’0 0.0004 0.0008
Espresso — <1 0.21
Household espresso 9 KAS;; 266.99 10°x0.241 010_59 0.0019 0.0036
machine
2SS x0.102
ES-H oSke 124.30 + 105x0.112 0
(ES-H) Average 7159 x e 0.0009 0.0017
laigas gg02xe oSl 27035% 105054, @ ¥0-221
All samples 35 Average 140.90 ) 108 0.0019 0.0036

56 o s ) Lol cibly e iMoo (gl ol (3Semt gop
S sty s 93 L5 ES-C 6 pune 5 Juols THQ cpaizmeds i
5t cpl 5 el o)ST iy Jlade Jdoay o5 sel vty ES-H
238 VWS Gl 23l e pd lad pizman 9 g sl
A5 25l Bl ) il 9 295
8 5 o

G pas G Jl el o ST B pmo 51 (G50 Jlas il ol o
gyl o YF S 8 oLyl 350 gyl oged
56 4903 % g (ES-C) 5sd pglaan e haw slolis 3
(ES-H) 603 485 )l (glyagy 5l g (SB jlogus ol Lasgs

s s dsle b del b ST ol poyd s (ye50

ysboas) RFD 43 EDI i ) 45 45 apules (THQ)' Gun
st Golod oy pSskSTpSeSee ¥ gt
del ST s obj)l ollks ,> (Aghvami et al., 2023)
gl sl sl V) 28 THQ 81 & ol oss asiio
oMo (gl Jod By g 05l jlad Sy 0929 ,S0ls ) I it
Aghvami et al., 2023; Karami et al., ) cwl Gun dasel>
Gyae Gy 5 0a5 351, THQ (sSlee o yimgly (2022
SN Ulgr s sl adllas 390 4ige3 YO £g0ome )3 gus el 05
cpl ol V5l S ol peds a8 el sty +f+ ¥ VLS )5 0 g
oR3 Byan oy 5l deol ST 8Ly a2 ST oS il ime

1- Target hazard quotient (THQ)



VP8 oUT- o0 F o )loids TY alr () (108 lio g pole Glotrgyy & pits  YFF

5 039 Bpas ages Slud b (el ailjgy <l 0yl ol
il BCaren ded jd G pao (5ol 3.8 oaid L Cowl (Sao
Dlgs o aS” Canwl 03,108 5 38> (glaslllas diojls ] 45 3)50 oy
@ e wdlize gl badbwy JooS5 Gk
@ dag b cole 30,5 Cusdly 4 S35 9 JpS B b o))l
Clgles 5 Slpl dxels ;0 0508 gleil CBpns yiulial 4y 5y s,
5 lss) o 5 (LT 5 Glsl) iz bl Bpmo (565!
Oyg i dige cnl )3 o35S g (eSS Olllae plosl (VWS )5
CALS e 0 opilel deds laicds Wlg o Gimeh cpl Wy
Aot 5l ogpd Bpae ogills i b)) 5 dealse Gl S
slp sl Slllas pbsl ol g ogdle 298 (G (ooges Cuadl
NS e Gl glie | ael ST (meos il obj))
Sl oo il duw (sloog;S )3 0505 B pae (ABly sagSl (o)
sl s gy o o 5 dglye gl J) 5385 305 1)

S SaS Arsly oMo (gl

o ool glic

o sty (Y1 DVY-A) dgpto Lo b olSetils Lansgi S o
OB S g9 €5 ) lo (50
sibopsiie )3 (pr0 4 5o o tuljl plowl 1 598 Logsd
N3Ble (ot 9 35 @39 Co e Mo el ilio ol
—g el ugiotn —oide (i )liel (o) Jlod
e )llai g2 )8 LSy el 5 (oo

References

o0 sladiges (oled yo M]J))ﬂ &S ol s adlas opl @ls
ladigei 3 ol Clle 5 g alolid BB (s 3)90 gu ol
3 oabang slaguysl J YL Liges ol IS 5 onsans
Jdsas wilg o a5 el conts B Lulys > o)bs slaydg
2 Goldd 35 g zlStil Cas 0srd Hlade ward (sladi,lg jd gles
JBb g pSenid e lid ded) gl sle el )l
wligy il 1 Sbe Bl Slogw ol oKiwy Jao g (1l
A¥ g ¥ cpa YWS)5 g (lleg ey sl ST
Slopadls plie el cunts (oo 0 p)S9kSTp)S9,5)
s il s (MOE) aelye atls s s L)
aS il L3 gledgase o (Sen gliolb e s ails
B pune o oplpls (] coges Codlw Has 51 Swil S50 saiad lis
oMo gl (s e aalllan 390 dnsl> )3 (s guo prsl 0903
&S cuib dogi Wb (Jb cpl b gl b Cowse GBS pas
GHE w5 el ST s 0gilly gulio 5l Ss syl 0508
P Sy opl ez by il 4 Wle e O] B pns g Cuol
sloodyglp 5 (b o Yoo Liile )l 0055 )08
2l mie cpain 5l o] lejen by 09 o S j oMe
S5 il e ool 3 a1y S sl s ool (an
ol p3Y g il olie odle S 4 dgae Bpo s el ST
ol ladlan o aslon 295 485 )l ) (QHE 0] IS o5
scudgize das |l odgy olyer  Slacudgize b 55 yikgh
Gpae glaodld picren 23,5 o)Ll (ubbT 5 oleil) HBAS G as

Aghvami, M., Mohammadi, A., Khaniki, G.J., Ahmadi, M., Moazzen, M., Arabameri, M., & Shariatifar, N. (2023).
Investigation of cocoa and cinnamon effect on acrylamide formation in cakes production using GC/MS method: A
risk assessment study. Food Chemistry: X, 18, 100629. https://doi.org/10.1016/j.fochx.2023.100629
Akbari-Adergani, B., Shahbazi, R., Esfandiari, Z., Kamankesh, M., Vakili Saatloo, N., Abedini, A., . . . Sadighara,
P. (2023). Acrylamide content of industrial and traditional popcorn collected from Tehran’s market, Iran: A risk
assessment study. Journal of Food Protection, 86(1), 100001. https://doi.org/10.1016/j.jfp.2022.10.001

Alves, R.C., Soares, C., Casal, S., Fernandes, J.O., & Oliveira, M.B.P.P. (2010). Acrylamide in espresso coffee:
Influence of species, roast degree and brew length. Food Chemistry, 119(3), 929-934.
https://doi.org/10.1016/j.foodchem.2009.07.051

Arisseto, A.P., & Vicente, E. (2015). Chapter 65 - Estimate of Acrylamide Intake from Coffee and Health Risk
Assessment. In V. R. Preedy (Ed.), Coffee in Health and Disease Prevention (pp. 575-584). San Diego: Academic
Press. https://doi.org/10.1016/B978-0-12-409517-5.00065-6

Barrios-Rodriguez, Y.F., Pedreschi, F., Rosowski, J., Gmez, J.P., Figari, N., Castillo, O., & Mariotti Celis, M.S.
(2021). Is the dietary acrylamide exposure in Chile a public health problem? Food Additives & Contaminants: Part
A, 38(7), 1126-1135. https://doi.org/10.1080/19440049.2021.1914867

1- Tamping


https://doi.org/10.1016/j.fochx.2023.100629
https://doi.org/10.1016/j.jfp.2022.10.001
https://doi.org/10.1016/j.foodchem.2009.07.051
https://doi.org/10.1016/B978-0-12-409517-5.00065-6
https://doi.org/10.1080/19440049.2021.1914867

Yy

OS5 9 lazgi 53 o €l ;s Jhs (b))l g CAle (punsi gun yuunl 0908 50 ol o 5T )80 g (5o

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21,

22,

23.

24,

Basaran, B., & Aydin, F. (2020). Estimating the acrylamide exposure of adult individuals from coffee: Turkey. Food
Addit Contam Part A Chem Anal Control Expo Risk  Assess, 37(12), 2051-2060.
https://doi.org/10.1080/19440049.2020.1819570

Basaran, B., Aydin, F., & Kaban, G. (2020). The determination of acrylamide content in brewed coffee samples
marketed in Turkey. Food Addit Contam Part A Chem Anal Control Expo Risk Assess, 37(2), 280-287.
https://doi.org/10.1080/19440049.2019.1685133

Bertuzzi, T., Martinelli, E., Mulazzi, A., & Rastelli, S. (2020). Acrylamide determination during an industrial
roasting process of coffee and the influence of asparagine and low molecular weight sugars. Food Chemistry, 303,
125372. https://doi.org/10.1016/j.foodchem.2019.125372

Deribew, H.A., & Woldegiorgis, A.Z. (2021). Acrylamide levels in coffee powder, potato chips and French fries in
Addis Ababa city of Ethiopia. Food Control, 123, 107727. https://doi.org/10.1016/j.foodcont.2020.107727

EFSA, E. P. 0. C. i. t. F. C. (2015). Scientific Opinion on acrylamide in food. EFSA Journal, 13(6), 4104.
https://doi.org/10.2903/j.efsa.2015.4104

Endeshaw, H., & Belay, A. (2020). Optimization of the roasting conditions to lower acrylamide content and improve
the nutrient composition and antioxidant properties of Coffea arabica. PloS One, 15(8), e0237265.
https://doi.org/10.1371/journal.pone.0237265

Eslamizad, S., Kobarfard, F, sitsimpikou, C., Tsatsakis, A., Tabib, K., & Yazdanpanah, H. (2019). Health risk
assessment of acrylamide in bread in Iran using LC-MS/MS. Food and Chemical Toxicology, 126, 162-168.
https://doi.org/10.1016/j.fct.2019.02.019

Fan, M., Xu, X., Lang \W., Wang, W., Wang, X., Xin, A,, ... Zhu, B. (2023). Toxicity, formation, contamination,
determination and mitigation of acrylamide in thermally processed plant-based foods and herbal medicines: A
review. Ecotoxicology Environment Safty, 260, 115059. https//:doi.org/10.1016/j.ecoenv.2023.115059

Freitas, V.V., Borges, L.L.R., Castro, G.A.D., Almeida, L.F., Crepalde, L.T., Kobi, H.d.B., . . . Stringheta, P.C.
(2024). Influence of roasting levels on chemical composition and sensory quality of Arabica and Robusta coffee: A
comparative study. Food Bioscience, 59, 104171. https://doi.org/10.1016/j.fbio.2024.104171

Galuch, M.B., Magon, T.F.S., Silveira, R., Nicacio, A.E., Pizzo, J.S., Bonafe, E.G., . . . Visentainer, J. V. (2019).
Determination of acrylamide in brewed coffee by dispersive liquid-liquid microextraction (DLLME) and ultra-
performance liquid chromatography tandem mass spectrometry (UPLC-MS/MS). Food Chem, 282, 120-126.
https://doi.org/10.1016/j.foodchem.2018.12.114

Garg, R., & Singla, N. (2025). An architecture for acrylamide detection in carbohydrate-rich food products using

deep learning method. Journal of Food Composition and Analysis, 142. https://doi.org/10.1016/j.jfca.2025.107497
Haiyan Wang, A.W.M.L.C., Shaomin Shuang, A., Martin, M.F. (2008). SPE/HPLC/UV studies on acrylamide in

deep-fried  flour-based  indigenous  Chinese  foods.  Microchemical  Journal,  89(2), 90-97.

https://doi.org/10.1016/j.microc.2007.12.006

Han, J.-W., Boo, H., & Chung, M.-S. (2020). Effects of extraction conditions on acrylamide/furan content,
antioxidant activity, and sensory properties of cold brew coffee. Food Science and Biotechnology, 29(8), 1071-1080.
https://doi.org/10.1007/s10068-020-00747-1

Kang, D.-e., Lee, H.-U., Davaatseren, M., & Chung, M.-S. (2020). Comparison of acrylamide and furan
concentrations, antioxidant activities, and volatile profiles in cold or hot brew coffees. Food Science and
Biotechnology, 29(1), 141-148. https://doi.org/10.1007/s10068-019-00644-2

Karami, M., Akbari-Adergani, B., Jahed Khaniki, G., Shariatifar, N., & Sadighara, P. (2022). Determination and
health risk assessment of acrylamide levels in instant coffee products available in Tehran markets by GC-MS.
International Journal of Environmental Analytical Chemistry, 1-10.
https://doi.org/10.1080/03067319.2022.2076225

Kashani, H., Gharibzadeh, F., Nakhjirgan, P., Younesian, M., & Zaeim, M. (2021). WHO Human Health Risk
Assessment Toolkit: Chemical Hazard (Second Edition ed.). Tehran: Teymour Zadeh Novin.

Khaloo Kermani, P., Moeenfard, M., Farhoosh, R., & Alves, A. (2023). Modified QUEChERS purification method
for analysis of acrylamide in roasted Phoenix dactylifera L. seeds via HPLC-PDA. Journal of Food Measurement
and Characterization. https://doi.org/10.1007/s11694-023-02015-2

Malmir, H., Shayanfar, M., Mohammad-Shirazi, M., Tabibi, H., Sharifi, G., & Esmaillzadeh, A. (2019). Tea and
coffee consumption in relation to glioma: a case-control study. European Journal of Nutrition, 58(1), 103-111.
https://doi.org/10.1007/s00394-017-1575-z

Mesias, M., & Morales, F.J. (2016). Acrylamide in coffee: Estimation of exposure from vending machines.
Subtropical Plant Science, 48, 8-12. https://doi.org/10.1016/j.jfca.2016.02.005


https://doi.org/10.1080/19440049.2020.1819570
https://doi.org/10.1080/19440049.2019.1685133
https://doi.org/10.1016/j.foodchem.2019.125372
https://doi.org/10.1016/j.foodcont.2020.107727
https://doi.org/10.2903/j.efsa.2015.4104
https://doi.org/10.1371/journal.pone.0237265
https://doi.org/10.1016/j.fct.2019.02.019
https://doi.org/10.1016/j.ecoenv.2023.115059
https://doi.org/10.1016/j.fbio.2024.104171
https://doi.org/10.1016/j.foodchem.2018.12.114
https://doi.org/10.1016/j.jfca.2025.107497
https://doi.org/10.1016/j.microc.2007.12.006
https://doi.org/10.1007/s10068-020-00747-1
https://doi.org/10.1007/s10068-019-00644-2
https://doi.org/10.1080/03067319.2022.2076225
https://doi.org/10.1007/s11694-023-02015-2
https://doi.org/10.1016/j.jfca.2016.02.005

\Fe Ql.gi—,e,e ¥ o)lods IY ol oyl ! (2188 puluo g pole sledidghy @ pid YYA

25.

26.

27.

28.

29.

30.
31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Michalak, J., Czarnowska-Kujawska, M., Gujska, E., Klepacka, J., & Tonska, E. (2020). Effect of the brewing
process on the acrylamide content in coffee beverages. Proceedings of the Nutrition Society. 2020;79(OCE2):E293.
https://doi.org/10.1017/S0029665120002414

Michalak, J., Gujska, E., & Kuncewicz, A. (2013). RP-HPLC-DAD studies on acrylamide in cereal-based baby
foods. Journal of Food Composition and Analysis, 32(1), 68-73. https://doi.org/10.1016/j.jfca.2013.08.006
Nematollahi, A., Kamankesh, M., Hosseini, H ,.Ghasemi, J., Hosseini-Esfahani, F., Mohammadi, A., & Mousavi

Khaneghah, A. (2020). Acrylamide content of collected food products from Tehran’s market: a risk assessment
study. Environmental Science and Pollution Research, 27(24), 30558-30570. https://doi.org/10.10/-vs11356-020-

09323-w

Oroian, M., Amariei, S., & Gutt, G. (2015). Acrylamide in Romanian food using HPLC-UV and a health risk
assessment. Food Addit Contam Part B Surveill, 8(2), 136-141. https://doi.org/10.1080/19393210.2015.1010240
Peris-Camarasa, B., Pardo, O., Fernandez, S. F., Dualde, P., & Coscolla, C. (2023). Assessment of acrylamide
exposure in Spain by human biomonitoring: Risk and predictors of exposure. Environmental Pollution, 331, 121896.
https://doi.org/10.1016/j.envpol.2023.121896

PubChem .(2023). Acrylamide. Retrieved from https://pubchem.ncbi.nlm.nih.gov/compound/Acrylamide

Riboldi, B.P., Vinhas, A.M., & Moreira, J.D. (2014). Risks of dietary acrylamide exposure: A systematic review.
Food Chemistry, 157, 310-322. https://doi.org/10.1016/j.foodchem.2014.02.046

Roudbari, A., Rafiei Nazari. R., Shariatifar, N., Moazzen, M., Abdolshahi, A., Mirzamohammadi, S., . . . Arabameri,
M. (2021). Concentration and health risk assessment of polycyclic aromatic hydrocarbons in commercial tea and
coffee samples marketed in Iran. Environmental Science and Pollution Research, 28(4), 4827-4839.
https://doi.org/10.1007/s11356-020-10794-0

Schouten, M.A., Tappi, S., & Romani, S. (2020). Acrylamide in coffee: formation and possible mitigation strategie-
a  review. Critical Reviews in Food  Science and Nutrition, 60(22), 3821-3807.
https://doi.org/10.1080/10408398.2019.1708264

Sebastia, A., Pallarés, N., Bridgeman, L., Juan-Garcia, A., Castagnini, J.M., Ferrer, E., . . . Berrada, H. (2023). A
critical review of acrylamide green extraction and determination in food matrices: Current insights and future
perspectives. TrAC Trends in Analytical Chemistry, 167, 117267. https://doi.org/10.1016/j.trac.2023.117267
Sharma, N., Thakur, S., Bains, A., Goksen, G., Ali, N., Ansari, M.A., . .. Chawla, P. (2025). Green hydrothermal
approach for the synthesis of carbon quantum dots from waste tea bags for acrylamide detection in drinking water:
A fluorescence assay validated by HPLC-PDA analysis. Food Chemistry: X, 25, 102043.
https://doi.org/10.1016/j.fochx.2024.102043

Shimadzu. (2021). Differences Between Using Acetonitrile and Methanol for Reverse Phase Chromatography.

Retrieved from https://www.shimadzu.com/an/service-support/technical-support/analysis-
basics/lib/Ictalk/35/35lab.html
Strocchi, G., Rubiolo, P., Cordero, C., Bicchi ,C., & Liberto, E. (2022). Acrylamide in coffee: What is known and

what  still needs to be explored. A review. Food Chemistry, 393, 133406.
https://doi.org/10.1016/j.foodchem.2022.133406

Taghizadeh, S.F., Azizi, M., Hassanpourfard, G., Rezaee, R., & Karimi, G. (2023). Assessment of carcinogenic and
non-carcinogenic risk of exposure to metals via consumption of coffee, tea, and herbal tea in Iranians. Biological
Trace Element Research, 201(3), 1520-1537. https://doi.org/10.1007/s12011-022-03239-x

Wang, H., Feng, F., Guo, Y., Shuang, S., & Choi, M.M.F. (2013). HPLC-UV quantitative analysis of acrylamide in
baked and deep-fried Chinese foods. Journal of Food Composition and Analysis, 31(1), 7-11.
https://doi.org/10.1016/j.jfca.2013.02.006

Xu, Y., Cui, B,, Ran R, Liu, Y., Chen, H., Kai, G., & Shi, J. (2014). Risk assessment, formation, and mitigation of

dietary acrylamide: Current status and future prospects. Food and Chemical Toxicology, 69, 1-12.
https://doi.org/10.1016/j.fct.2014.03.037

Yan, F., Wang, L., Zhao, L., Wang, C., Lu, Q., & Liu, R. (2023). Acrylamide in food: Occurrence, metabolism,
molecular toxicity mechanism and detoxification by phytochemicals. Food and Chemical Toxicology, 175, 113696.
https://doi.org/10.1016/j.fct.2023.113696

Zahir, A., Ge, Z., & Khan, I.A. (2025). Public health risks associated with food process contaminants — A Review.
Journal of Food Protection, 88(2), 100426. https://doi.org/10.1016/j.jfp.2024.100426


https://doi.org/10.1017/S0029665120002414
https://doi.org/10.1016/j.jfca.2013.08.006
https://doi.org/10.1007/s11356-020-09323-w
https://doi.org/10.1007/s11356-020-09323-w
https://doi.org/10.1016/j.envpol.2023.121896
https://pubchem.ncbi.nlm.nih.gov/compound/Acrylamide
https://doi.org/10.1007/s11356-020-10794-0
https://doi.org/10.1080/10408398.2019.1708264
https://doi.org/10.1016/j.trac.2023.117267
https://doi.org/10.1016/j.fochx.2024.102043
https://www.shimadzu.com/an/service-support/technical-support/analysis-basics/lib/lctalk/35/35lab.html
https://www.shimadzu.com/an/service-support/technical-support/analysis-basics/lib/lctalk/35/35lab.html
https://doi.org/10.1016/j.foodchem.2022.133406
https://doi.org/10.1007/s12011-022-03239-x
https://doi.org/10.1016/j.jfca.2013.02.006
https://doi.org/10.1016/j.fct.2023.113696
https://doi.org/10.1016/j.jfp.2024.100426

Iranian Food Science and Technology Research Journal
i s; Homepage: https://ifstrj.um.ac.ir
* "‘!‘ M’/ ] ;‘»'}rﬁ;)

Reaserch Article
Vol. 22, No. 4, Sep.-Oct. 2026, p. 349-362

Effect of Cream Fat Content and Milk Protein Concentrate on the Formation
and Stability of Industrial Sarshir

M. Mazaheri Tehrani='*", S. Abdullahzadeh?, Sh. Taziki Shams-abadi‘*"
1- Department of Food Science and Technology, Faculty of Agriculture, Ferdowsi University of Mashhad, Mashhad,
Iran
(*- Corresponding Author Email: mmtehrani@um.ac.ir)

Received: 07.05.2026 How to cite this article:

Revised: 02.06.2026 Mazaheri Tehrani, M., Abdullahzadeh, S., & Taziki Shams-abadi, Sh. (2026). Effect

Accepted: 06.06.2026 of cream fat content and milk protein concentrate on the formation and stability of

Available Online: 24.08.2026 industrial Sarshir. Iranian Food Science and Technology Research Journal, 22(4),
349-362. (In Persian). https://doi.org/10.22067/ifstrj.2026.98607.1572

Introduction

In recent years, consumer interest in traditional and natural dairy products has increased due to their perceived
health benefits, cultural value, and unique sensory properties. Among traditional Iranian dairy products, sarshir is
widely consumed and valued for its rich taste and high energy content. Sarshir is a traditional Iranian high-fat dairy
product obtained through heat-induced creaming of milk. However, its industrial production faces several
challenges, including long processing time, low vyield, high susceptibility to lipid oxidation, and variability in
texture and quality. Milk protein concentrate (MPC), rich in casein and whey proteins, is widely used in the dairy
industry due to its functional properties such as emulsification, gelation, and texture enhancement. Therefore, the
incorporation of MPC into sarshir formulations may improve structural stability, enhance sensory properties, and
potentially enable partial fat reduction. Accordingly, this study aimed to evaluate the effects of different cream fat
levels (50%, 60%, and 70%) and MPC concentrations (0%, 1%, and 2%) on the physicochemical, textural, sensory,
yield, and shelf life of Sarshir, and to determine and introduce an optimal formulation for industrial production.

Materials and Methods

Raw milk was obtained from Sepidan Shir Company (Mashhad, Iran), and milk protein concentrate (MPC-80)
was supplied by Pegah Isfahan Company (Isfahan, Iran). Sarshir samples were prepared by standardizing milk fat
content to 50, 60, and 70% (w/w) using cream, along with MPC addition at 0, 1, and 2% (w/w). Raw milk was
heated to 40-45 °C and centrifuged (7000 rpm) to obtain cream fractions, which were recombined with skim milk
based on mass balance calculations. MPC was hydrated at 40 °C for 20 min under stirring. The mixtures were then
heated to 90 °C and incubated at 43 °C for 3 h, followed by cooling at 5-6 °C for 24-48 h to form the sarshir layer.
The sarshir layer was separated and analyzed for different properties. Shelf life was evaluated at 4-5 °C every 2
days based on sensory acceptability.

Results and Discussion

The highest dry matter and fat contents were observed in the samples containing 70% fat and 2% protein (68.03
g/g and 72.50%, respectively), whereas the lowest values were recorded in the control treatment (50% fat and 0%
protein). The increase in MPC significantly affected the physicochemical properties, particularly pH and acidity
(p<0.05), with higher pH and lower acidity observed in formulations with higher fat and protein levels. The highest
protein content (5.44%) was also recorded in samples containing 50% fat and 2% protein. Texture profile analysis
indicated that increasing fat content from 50% to 70% significantly reduced hardness (61.00 to 21.00 g),
consistency (5.00to 1.75 g-s), and adhesiveness (25.50 to 9.50 g-s). In contrast, MPC addition generally increased
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textural parameters, suggesting a strengthening effect of milk proteins on the gel structure, while fat had a softening
effect on product consistency. Accordingly, the lowest textural values were observed in the 70% fat and 2% protein
treatment, whereas the highest hardness was associated with the control sample. Production yield was significantly
influenced by formulation (p< 0.05), reaching a maximum in the 70% fat and 2% protein treatment (approximately
58%) and a minimum in the control sample (approximately 30%). However, storage time showed an inverse trend,
decreasing with increasing fat and MPC levels, with the shortest storage time (7 days) observed in the 70% fat and
2% protein sample and the longest (16 days) in the control. Sensory evaluation revealed that although high-
fat/high-protein samples showed improved creaminess and mouthfeel, the formulation containing 50% fat and 2%
protein received the highest overall sensory scores, particularly for flavor intensity, dairy flavor, and creamy mouth
feel aftertaste.

Conclusion
The results indicated that the addition of milk protein concentrate (MPC) significantly influenced the
physicochemical, textural, and sensory properties of sarshir. Increasing both fat and MPC concentrations improved
total solids, fat content, production yield, and textural attributes; however, such increasing trend was associated
with a reduction in shelf life. The sample containing 50% fat and 2% MPC demonstrated the highest sensory
acceptability. Overall, this formulation achieved an optimal balance between quality and stability, and is therefore
recommended for industrial production.
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Table 2- Definition of parameters for sensory attributes

) Capoguad Ly y25
Parameter Introduce the charactritic
0l wlusl 030 (S i 050 s
Taste intensity: Overall intensity of perceived taste
b goje 036 b pabo i) el

Taste and flavor

Dairy flavour: Fresh, sweet milk flavor

Creamy flavor: Creamy and fatty flavor

O3 53 bz plp > Cunglie sclalé 5 plod
Viscosity and consistency: Resistance to flow in the mouth

S el PP g sl €L icdlal g oy
Mouthfeel Smoothness and softness: Silky and soft texture
Creaminess: Sensation of fat and richness in the mouth
&l 3l o o yo edile BL Y gl ide
b Mouth coating: Residual layer remaining in the mouth after swallowing
Aftertaste & 3l o Sl o> 1gldels o

Creamy aftertaste: Creamy sensation perceived after swallowing

5 A odmline (59) 59y ZY—&)% AR Sl digad jd &S g
Toomoyz 0o b aals &ges j> a5 gy 7 FFIEY Jade oy yieS
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Table 3- Physicochemical properties of Sarshir in the presence of different cream fat levels and milk protein concentrate

(MPC)
. s b il
e o 08l Parameters
Cream fat MPC - .
(%) (%) S5 wel> o3l 3 g« A o9
Total solids (9/9) Fat (%) pH Acidity Protein (%)
0 0.00+64.62 0.00+49.80  0.00+6.78  0.00%+9.90  0.00°+4.99
50 1 0.04+65.04 0.14%451.10 0.01+6.77 0.01%+9.79  0.04+5.07
2 0.00+65.58 0.07%452.05 0.01+6.75 0.00%%+9.75  0.00%5.44
0 0.00+£66.04 0.07°+59.65 0.00+6.84 0.00%¢+9.70  0.00¢+3.02
60 1 0.01466.41 0.21°460.45 0.01+6.82 0.02°+0.64  0.1193.26
2 0.02+66.97 0.00%+61.20 0.01+6.80  0.01°%:9.49  0.11%+3.55
0 0.00+67.08 0.14%:69.80 0.00+6.96  0.00%9.45  0.00%2.57
70 1 0.01+67.47 0.21%+71.15 0.14+6.92  0.02°+9.34  0.03°+2.65
2 0.02+68.03 0.00%:72.50 0.03+6.88  0.07°+9.30  0.03%+2.81

(P> +1+0) 5,85 SosSo b (sl ime sled M laSs By b slauSibio ol 18G9 (sl slne Byl £ Kike &0ty ol
All data are expressed as mean * standard deviation of two determinations. Values followed by the same letters show no significant
differences (Tukey test, P > 0.05).

S5 e (g0 055LaS )3 39290 (15515 Sl 0 (1998
Srcim Bl 4 (gadgued slady dbul g dman 4SS
W ¢l (Girard, Turgeon, & Gauthier, 2002) xS’ o SoS
(Fu, He, Zeng, Qin, & Chen, 2020) .J,\Sen 5 58 slaadl L
Oilidl a8 sy el (Sajedi et al., 2014) ), San 5 si5bo
OS5 gy pdaw I8l L1y ead aolen dold bl e
oM oShiie g lgr lols zolaw p oSy ol 038
FSE 4 e lign gshe p o2 sl (on)N
Allen, ) S o Hlnk 5 Ciw 1y Hldlo a5 20 0 Hlul (glasiis

(Murray, & Dickinson, 2008

B slaSiag
2 o 5 oSen M ol & oh gl cdl sl
S0 o 53 pl3B g Sty s Jals 380 (sl ey
Wges g o 0blic ¥ Jodo 3 a5 jab slan (p<0.05) )l
(p)S V¥10+) 3w (i (SB) Bgn AY=(o 70+ 5>
ol ) (4l 53 p)S FIA) (Saiswa g (458 3 p)5 TV 0) plod
oS (ST) oulign Jormar T+ sl iges &S Jb p s
S g (4655 )5 VYD) plgd p)S YV ¢ r) (B pdlia
b eonBgn ol e Rl bty 1) (4l )3 p )5 A/0¢)
Dickinson, ) sad o Juols yidw plgd 5 (St b (s 5o
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Table 4- Textural charactristics of Sarshir in the presence of different cream fat levels and milk protein concentrate (MPC)

@ B 5ol
o
Crean‘f)f:\t o g9 0 yiilS : Parameters -
(%) MPC o Plgd P Sy
(%) Hardness (g) Consistency (g.s) Adhesiveness (g.s)
0 61.00+£1.52 5.00+0.42 25.50+2.12bc
50 1 63.00+0.00 5.50+0.28 27.00+0.0012b
2 73.50+1.41 6.90+0.70 31.00+1.418
0 45,50+0.71 3.85+0.21 19.00+1.41¢%
60 1 52.50+0.71 4.20+0.14 20.50+0.71¢
2 59.50+1.12 5.15+0.21 24.50+0.71b°
70 0 21.00+£1.41 1.75+0.63 9.50+2.12f
1 30.00£2.21 2.50+0.28 17.50+0.71¢
2 43.0040.00 3.65+0.07 19.50+0.11¢%

(P> 1+0) )5 5038 b (s sime (bl M LSy Ggp b (olayuSilen -l 51,55 95 (sl sline Bl o0l £ Silie &0y 2l
All data are expressed as mean + standard deviation of three determinations. Values followed by the same letters show no significant
differences (Tukey test, P > 0.05).
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Fig. 1- Yield percentage of Sarshir in the presence of different cream fat levels and milk protein concentrate (MPC)
(a-i, means followed by the different are significantly different (Tukey test, P < 0.05))
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Fig. 2. Storage time of Sarshir in the presence of different cream fat levels (50, 60 and 70%) and milk protein concentrate

(MPC) (0, 1 and 2%)
(a-c, means followed by the different are significantly different (Tukey test, P < 0.05))
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Table 5- Nine-point hedonic rating of Sarshir in the presence of different cream fat (F) levels and milk protein concentrate

(MPC)
Sl 4 Sigad fwly (g,
solyb Como g Nine-point hedonic rating
Parameter Charactritic Js! 090 oo ol ey i PEETY (i PR
First Second Third Fourth Fifth Sixth Seventh Eighth Ninth
o . oL . S3 S2 S1 S6 S5 S4 S9 S8 S7
Taste intensity
W"Jo X3S LE"J f""‘lo
Taste and = S3 S1 S2 S6 S5 S4 S7 S9 S8
flavor Dairy flavour
st ool S3 S2 S1 S6 S5 S4 S7 S9 S8
Creamy flavor
clalé g plod
Viscosity and S3 S2 S1 S6 S5 S4 S9 S8 S7
consistency
Mouthfeel Iy S3 S S2 S6 S5 S4 S9 S8 S7
Smoothness and softness
ks
st S3 S2 s1 S6 S5 sS4 S9 S8 s7
Creaminess
o> o 3 %2 st 6 S5 S4 s9 8 s7
b Mouth coating
ks
Aftertaste sl pabiry s3 s1 S2 6 s4 S5 s9 s8 s7

Creamy aftertaste

&2 5.7, :S6 ‘O,_:JMX\—&)% £.7.:S5 ‘Oﬁjjﬁ)iz'_@)? 5.7.:S4 ‘o,;.‘:mZY—@ﬁ 87 :S3 sdﬁ5)¢Z\—&)% a7 :S2 gy Z'—L;j)% YA (MLu) S1

uﬁJ})JZY—uJP V~Z :S9 ‘L)“:J5)"Z\_u’)> V~Z :S8 ‘u‘*‘“?)‘lz'_u’P V’Z S7 su.oj)})—'vz
S1 (control): 50%F-0%MPC, S2: 50%F-1%MPC, S3: 50%F-2%MPC, S4: 60%F-0%MPC, S5: 60%F-1%MPC, S6: 60%F-2%MPC,
S7: 70%F-0%MPC, S8: 70%F-1%MPC, S9: 70%F-2%MPC
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Introduction
Olive Seeds is a major by-product of the olive oil industry, produced in millions of tons annually. It contains
significant amounts of protein (approximately 13.5%) along with fiber, lipids, and phenolic compounds. However,
native proteins have low solubility and complex structures that limit their functionality. Enzymatic hydrolysis is
an eco-friendly method to release bioactive peptides with antioxidant, ACE-inhibitory, and cholesterol-lowering
activities. The choice of enzyme is crucial; alcalase (a broad-specificity serine protease) and trypsin (a specific
protease cleaving at lysine and arginine residues) produce different peptide profiles. Process variables such as
hydrolysis time and enzyme-to-substrate (E/S) ratio significantly affect the degree of hydrolysis and antioxidant
activity. Response Surface Methodology (RSM) is a powerful statistical tool for optimizing such multi-variable
processes. Moreover, the stability of hydrolysates during storage, thermal processing, freeze-thaw cycles, and pH
changes is essential for industrial applications. This study aimed to optimize the hydrolysis conditions (time and
E/S ratio) for olive seeds protein using alcalase and trypsin via RSM, evaluate the antioxidant activities, and assess
the stability of the optimal hydrolysates under different pH, heat, refrigeration, freeze-thaw, and ambient storage

conditions.

Materials and Methods

Olive seeds were obtained from local market at Gorgan then dried, ground, defatted with hexane (AOAC
method), and protein was isolated by alkaline extraction (pH 11) followed by isoelectric precipitation (pH 4).
Protein isolate (5% w/v) was hydrolyzed in Tris-HCI buffer (pH 8 for alcalase, pH 7 for trypsin) at 50°C (alcalase)
or 37°C (trypsin) with E/S ratios of 1-3% and 30-210 min according to a Central Composite Design (CCD)
approach. The reaction was stopped by heating at 85°C for 30 min, then centrifuged and freeze-dried. Antioxidant
activities were measured by different methods namely: DPPH radical scavenging, reducing power, and total
antioxidant capacity (phosphomolybdenum method). Stability tests included: pH stability (pH 3-8, 30 min),
thermal stability (95°C for 15-75 min), refrigeration storage stability (4°C for 15 days), freeze-thaw cycles stability
(15 days), and ambient storage (25°C for 7 days). Data were analyzed by Design Expert, ANOVA followed by
Duncan's multirange test (SPSS), and graphs prepared by Excel software.

Results and Discussion
RSM analysis showed that both time and E/S ratio had significant quadratic effects on DPPH, FRAP, and TAC
for both enzymes. For alcalase, response surfaces exhibited a dome-shaped central peak with optimal conditions
around 150 min and E/S 2%. For trypsin, a rising quadratic plateau was observed, with optimal conditions around
139 min and E/S 2%. These patterns confirm that excessive hydrolysis reduces antioxidant activity due to over-
degradation of active peptides into free amino acids. Alcalase hydrolysates consistently showed higher antioxidant

Authors retain the copyright. This is an open access article distributed under Creative Commons
B Attribution 4.0 International License (CC BY 4.0).
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activities than trypsin hydrolysates, attributed to alcalase's preference for hydrolyzing at hydrophobic/aromatic
amino acids (Phe, Tyr, Trp, Leu, Val) which are strong electron donors. Stability studies revealed, pH: Maximum
TAC at pH 7-8, minimum at pH 3-4 (near isoelectric point). Alcalase hydrolysate was more stable. Heat (95°C):
Gradual time-dependent decrease in both FRAP and TAC; alcalase hydrolysate retained higher activity after 75
min. Refrigeration (4°C, 15 days): Progressive decline in TAC and FRAP; alcalase hydrolysate showed slower
decay. Freeze-thaw (15 days): Significant reduction after each cycle, mainly due to ice crystal damage and
cryoconcentration; alcalase hydrolysate more resistant. Ambient (25°C, 7 days): Faster decline than refrigeration;
alcalase hydrolysate.

Conclusion
The optimal hydrolysis conditions for olive seeds protein were determined using RSM. Alcalase-produced
hydrolysate exhibited superior antioxidant activity and stability compared to trypsin-hydrolysate due to the release
of hydrophobic/aromatic-rich peptides. Stability decreased in all tested conditions (heat, freeze-thaw, storage), but
alcalase hydrolysateconsistently showed higher retention. These findings support the valorization of olive seeds
protein as a source of stable antioxidant peptides for food and pharmaceutical applications.

Keywords: Antioxidant, Bioactive peptide, Olive seeds, Optimization, Protease
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Table 1- Central composite design layout and dependent variable responses as a function of independent variables in
hydrolysis of olive seeds protein by alcalase and trypsin
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Enzyme-to-substrate (%)
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Treatment  Hydrolysis time (min)
1 56.36
2 183.64
3 183.64
4 120
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6 120
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9 120
10 120
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13 120

1.29
1.29
2.70

Gla g 4 bl (1e/V) S8 )l Jolomo g sl ST L (05
503l yiagidy Sl jlodlitul b jtegli Ve zge Jsbo ) (2l
8 Gl padls lyiedr pegl Voo 3 o laljal oS

b 483 a5 40 dges (SuSs!

JS (Slaacas! Jal oud B

b Gl pyindgosiud gy bl 1 JS (sl cud o
O oMb e (Farzanfar et al., 2025) ) Sen 5,8 5,3
oty g byl poisdgegind Bpue b diged jl dne jlade «jolate
O S 3l b 4985l oS Sl o Ar (sled p> adBd A
ErSo3l yogil SR zge Jsb 53 T i (31 (slod b lncigas
(V1) oadse sl s bl 2 JS (Sl cad o 5 0
405 Gl (V) pasdse

Sl slag o]

» e Jaze bulyd )3 0ad jlgyas lagnSon olub
10 b)) (Lietal, 2015) oylSan o J bg) Lol

3,5 (Bl 425320 )3 K905 Jsloxo (238l > 1 )l )lub
488 YO U1 ey

Yo ey ALY 0dgame 50 badiges PH palois (pH & (g)luk
((SHlo S g 9 42>

sl 15 4 )3 59y 10 Cdody adiged (65155 1)l 55k
(5L 4053 Y0) Lo 5 (F) g - VA) 33

&) Faplml cdlad g Jlos o ke
A o (JS byl o (Sasslel

CRIRETY

N3l 31 a1l pols i 5l sl b (silodings yskaton;
Slp P Sy b b el gaw by, 5 Design Expert

(DH) 52l 828 aa
Caus Yo L TCA 13 Joloro (il (55505101 b g 0um doyd
Farzanfar et al., ) ,en g ,8 15,8 (hoy & ulgp JS
(He, 2011) 5)58351 _bay b ouiiay chale .0d oy (2025
OSon Jobre San wSeilNl Gln S spSejll
blsee V1) (oo Comd b TCA 20% Jslmo 5 odjlg)rm
WA guty sl Al VO Cdedy OX Ve v e 30 adiged yupw 2505
4253 9 6503l 058300 B9y b (229) J8 53 39290 (nTgp clale

OFgp IS 4 TCA » Joloe 1S9y Cams (wlol p jlgyun
W Al diged

DPPH Jlssal, ylge

(Farzanfar et al., 2025) -, San 5 3 (15,8 (b, (wlol 5
DPPH Jsbxo o (M@/ML ¥+) &0 Joloo 5l g5k (slopos
S bl V1) ez s b Jgilie 13 sdangs (0.1 mM)
45551 561 slod 5 (6,1 55 4dBd £ ey rdigad MBI
5l ool b yiegl OV zge Job ;5 o] Clo s ¢ B3
Loy Wb g pSojlul (Jenway, England, YFV0) yiegidg Sl
Aol Mol g diged da BMS] wlwl  DPPH JIGol) ke
WA3,5

Saaslial o s
Nooshi Manjili, &) l)Ken o (b bg) wlel
Olawd J8b b aiges jl uxe Hlads (Sadeghi Mahoonak, 2022
oty 5 boles ey a5, 7V Jloms 5 (PH 6.6 M +/Y)

Jolore G A5 4SSl 01,8 il a0 B¢ gled > 4dds V-
B 5l pasuiie Hlade LA jauy il badigad g 034331 TCA 10%



VP8 LT o0 F o )lods TY wler (ol ! (910 2l g pole GltiRgls 4 pii YV

Islam et al., ) 595 o odnlive «unl )3y aiel cladpwl S 5
Exo9e ol (2022; Xu et al., 2023; Hwang et al., 2024a
Se g 015 lajen waats GYITL jlgphen 53 o8 S 0o 15T
RIP 5 ol (908 Jlbiunnj ladiy 4 (ol sl STy
O |y (S| 5T b 1 Wl el ey pite S
Sarringkarin, ) ¢y 5w 9 SeblesY ls b abl oyl L8
5 5l 5 @ oose OSsn g9y » (2017 Laokuldilok, &
22 &S o8 4, gy g9, » (Martinez et al., 2023) -, Son
Dyl JolS Slgsean wings ors gyam YISITL ¢

atuoly DPPH sl JISGol, Jlae duoyd (simr duw Hlage5 ¥ S5
s (2855 ) | ytges & Ot P 23] Cend 5 (o sl &
Design Expert ,l;sls 5 bauwgs by 0305 oy 5l ol s (045
ol L5 (RSM) gely s alos 51 Lol s amd oo ol
Clled 2 ()l sine 3l g 4wl Conns g 35 em loj 45
)b e dwd wBgp Slideyua (DPPH) laws] sl
ol Cams &y s ol 3 gaem o Sl b a5
il 39 5 SYsb slaplej 53 coldl )3 5 aly Sl bawgie
Byl WS e e Ay HlEe S Chow 4 g aBl il
Szl )3 e ol sly Ay 03gume Sy 292y edimd L
el L9y 55 Lynges 4 w3l s Sl casl a3l g e
Cand il &S gyobody by (Lis pme (glodgizwe U ) asuin
Jo ol b as Slassl il clld (il Coge |yimgn 4 w3l
o dgame  ShnST bl cllsd iol3dl wus opl YL polie ,
Sad a5l Gl Gl e )3 e SRl Sl
el lmaol b oligS o (sl 155 & oo S5 oo g den
90U olanin 4 Cond (S lnS] 5 el a8 545 3l
o e JS g olie s yg5lS loges )l sl sl
S 9 jalgydan Gloj (am ldsine e Sl 3529 oaimd Lt Gy
2 STl clled ity o (aigSay el g 4 5]
B YL lawgie polis > pusio 93y oS Cuwl 0dd Juolbs (glasl
4 e Ls)l W.a)j Jlade Lioli8l &S sad o ol gl cpl iyl
el (6938 Ak Copmd S 3925 9 395505 () Callad S50
ole g s Jilite 51 592y S0l Gl gaw (Slissil (yioren
Cllab iy oS (SIS el | ungos &2 3] S 5500
ssbods o 93 0 oS 39 0 Jols (Jalyd 53 s Gl ol
Bartolomei et al., ) wsl awsly 1,8 aigs odgiome 0 loje
(2022

b olitol pdaws gy ) slgyaed Gloj g ml ke it e
@38 DPPH - ISl lee codled )y )90 slagely
T plaiany gy ol (SaiSelo] b 5 IS gl
3okt MalS 75 5l iales] 5l Jeols SleMbl oy g ool
LT 5 e Waodly (ke o BB s cps o ool
20,0 A0 pdaws )3 Sl (glasals x> y9050 5| (ANOVA) by g
lel H38le 5 3l edlzwl b guli (gylel o 9 a5 55,3 edlicl
0,5 oalazul EXCEL l38le 5 51 b ylag05 musy (5l A plosl SPSS

A5 pbul ST A ) Lo yges] oles

DPPH uf 3l Jlsauly lge casllas

Gl o Jebod jl Job mls gam 4w Jlhges VS0
U g & @l G 5 3dgynm ploj o 3l lis (RSM)
sz Sidgyin (DPPH) lanSIasl clld (sl
310 YU 031 b jlgyaem 5l ol s

@ omb plie | 5dern loj I3l cguman sla905 il
S8l b s BB (nal3l 4 ot YL jolis Cua
oo &y i Vs sbalo; ;o Lduli8l Woy cpl (Jb cpl b
Ol 3l ST a8 s oo (L5 (6518 (i S (o0 e Sl b
slariy 5lolil g sgn aops GRIEH el jgnn b;
@ U gladiy 355 g gl bulyd ) Ll ogde Jlbdcun
OalS b B 4y ot Wlg e 48 b e el 3T el (gl
o3l (S5 (cow 5l (Fathi et al., 2022) s9i  Slaws] sl I
b il Bl el Lasuio (slodgisme U g 4wl o
e SRl 4 olie ) ggose nl & W3S Slamslsl
2y bt b S Homb Jsse 0jg b Jlbdlun sbaisio
e g & w3l Coms GRIBIL &0l Gl 55 3dg)0e
ORI L el ol &5 8L a3l dinge baalpd @ () U 5908
w3l 5V (elocuns 5 Jlb pl b 351 et g 5] ol
Cllad Ll sl (ol lisxan jdg)an 42)3 4251 d g 4
ol Ly s 4y g ol caws J1 1y 353 al33 K, Sl
o5l e sgphen o8 amde L) ol ey a5 L
2945 31 dizal (glotal b oligS s (slasty 15 4 ot Wl oo
Ml oty sl g 09I sl s 58 bl oS
Colled dipin oplplo b lawsie Job b sladin 4 cuws
oL dgdiend Jols gen 43 it )3 Ll sl 5]
5 bty ol (i (olio ol &S iy lgyden 42 G



VY ol Gl (5l g dewly gl 95 b (yaie ) A (ndig 1 (009 35T 3950 (63 lwdine oyl )0 9 i

277>
s eate
""""’0
e e Yot
L2 7 CIAF

o >

22 '0,'0

DPPH

1.29289  56.3604

gt 43 3YIIT (0 337 S g 3l 5 (G i 4y diimnlg DPPH 3151 JIS031, ko0 o pd (gt dww 13900 =Y S5
Fig. 1. Three-dimensional response surface plot of DPPH radical scavenging activity as a function of hydrolysis time and
alcalase-to-substrate ratio
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Fig. 2. Three-dimensional response surface plot of DPPH radical scavenging activity as a function of hydrolysis time and
trypsin-to-substrate ratio
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Fig. 3. Three-dimensional response surface plot of ferric reducing power as a function of hydrolysis time and alcalase -to-
substrate ratio
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Fig. 4. Three-dimensional response surface plot of ferric reducing power as a function of hydrolysis time and trypsin-to-
substrate ratio
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trypsin-to-substrate ratio
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Table 2- Antioxidant activity responses of the optimal hydrolysate produced under laboratory conditions
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*Within each row, different superscript letters indicate a significant difference between the experimental and software-predicted
values (P < 0.05), while the same letters indicate no significant difference.
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Table 3- Analysis of variance (ANOVA) and goodness-of-fit statistics of the quadratic models for response variables of olive
pit protein hydrolysates produced using Alcalase and Trypsin
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Fig. 7. Total antioxidant capacity of hydrolyzed olive seeds protein in the pH range of 3 to 8
«Different letters indicate differences at the level (P>0.05).
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Fig. 8. Ferric reducing power of hydrolyzed olive seeds protein in the pH range of 3 to 8
*Different letters indicate differences at the level (P>0.05).
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Fig. 9. Total antioxidant capacity of olive seeds protein hydrolysate at 95°C for 15 to 75 minutes
«Different letters indicate differences at the level (P>0.05).
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Fig. 10. Ferric reducing power of olive seeds protein hydrolysate at 95°C for 15 to 75 minutes
sDifferent letters indicate differences at the level (P>0.05).
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Fig. 11. Total antioxidant capacity of olive seeds protein hydrolysate during 15 days of storage at refrigerated temperature
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«Different letters indicate differences at the level (P>0.05).
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Fig. 12. Ferric reducing power of olive seeds protein hydrolysate during 15 days of storage at refrigerated temperature (4°C)
«Different letters indicate differences at the level (P>0.05).
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Fig. 13. Total antioxidant capacity of olive seeds protein hydrolysate during 15 days of storage under freeze-thaw cycles
*Different letters indicate differences at the level (P>0.05).
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Fig. 14. Ferric reducing power of olive seeds protein hydrolysate during 15 days of storage under freeze-thaw cycles
*Different letters indicate differences at the level (P>0.05).



VP8 obT- 0 F o )loids TY alr (! (10E lio g pole Gloitdgly & pits YA

(Pereira et al., 2022) xS o Wl o)) cuas Lis )3 oge
o)l (Kleekayai et al., 2022) l)Ken ¢ (LI yuizon
Cad b g o sy il b Shy o 03,8
Ao g 039 atly (651655 5 59l 8 bl 4 o] Gl 2l
b o Sl a1 Bl Clled ()5 g gamslises]
o) plos )3 SYISIT I Lol lidgynm ol 93 duglie )
3 ol iy et 4 a5V a1 5T €l 505
Coolaid] > Golis 4 ol |y spp cnl O QWS G 5
sy SYISIT 3l s 3gy0em 5 ol sy gy 5 o5
52050 el (ol ) (6558 (gl 0318 iy Copolais]
097 JUisl 53 (g it 2l Ygons o 235 o 055 Sy |
Culld s ) RSt S8 bk gile s
et (60855 0y (b o] o sl 5 4dgl Sl
Prados et al., ) ;)\ 5 wgolys (Islam et al., 2022) ¢!

..ﬁ‘))f ) U? @2 IXWALY u‘)Jl 14 ‘) Libui Jol.u)] 9 L;sl.wlw ‘)
sl b A cpdin (e (il odlitul b o]
Sl i g pidS pudglie Hloe p3 a8 W3S Slwlid 1) YL
dl"’ .\.Jy LS‘):’ dw))l Jee gLy Almd oy uLMJ @L.:
calio o 3l Ol &8 16,8 by oL, Kkegh sl SlawST ]

Ol Kedsn sladn Mg o (galS jias

% 25
2
= 2
>
7, 2 15
_%r-\
1SE !t
o o
b3 3 05
x
bj.g 0
S
<
5
|_

u Alcalase ;yiii

buas sloa o oudi Gl g pusa (g 3 5ty

Js (Slasas! gl

OBy sy IS Sleslal el b)) mls
Loas ol s oo (slod o (5 )leS 5oy ¥ b gl dud
Sl Slidgpen 53 5o S|l clled (611855 loj ol
ol (10 JS) il (ials g yhiay et g YU (sloa T
o 1> gmlipnT e iiSly s Lialsdl 4y lgie |y g,
daJsse s (655 Ll &S glagSa b cuwd b
e (Lol (sloag,S b 50u8] JUb (sloaisS 255 Jloi
il dlma.\.i[nuélg 9 J9.J dlmo9)§ alos ! ‘lzbJ.:.'.’.g 20 D990
, (Bao et al., 2021). wb o Lials oyl Slis] ol cls
slapisly copo o8 Jbou gl IS L awlie
cdl Ygoms Laso (slod 13 (IS5 clpo S20 gmlinns]
Gage YL lod 15 )l Jlidey |y sl 5 cld 5y
Sty Bl Ol g bl gaelies] @pus
(Pereira et al., 2022) 545 0 JldCum ;

Sy ¥ (PerEira et al., 2022) ul)lg.o.ih 9 ‘)J).) asdllas
ol 55 15598 s5Sen huls J ol (S sy
Cdld g Jlbcuwj ClaS 5 )l » S hulps o5 b
O Loy JyiS g 3)b gy ine pl bl gy SlusT

Aa Ba
Ab  pp
I' T T
1 3 5 7
SRS ooy Sa
Storage time (day)

SR 59y ¥ e (b Lo (lod 43 (150§ dhuand 0.5 g e (g JS (Sl T b -0 UK
Cawl (P <e/40) pdaw p> BB 355 00imd Ui dsliiie yu B9yt
Fig. 15. Total antioxidant capacity of olive seeds protein hydrolysate during 7 days of storage at ambient temperature (25°C)
*Different letters indicate differences at the level (P>0.05).
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Fig. 16. Ferric reducing power of olive seeds protein hydrolysate during 7 days of storage at ambient temperature (25°C)
*Different letters indicate differences at the level (P>0.05).
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