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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.
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gRd &y ,ylg Cwils Joo N g1 A 43
digos 95 Coffee variety Origin Roasting degree
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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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
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(2023
C XS/NxXN
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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)
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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
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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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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
MOE (glys Vevve 5l 520 pyalio  ilie 55 395 p0 a5l s
Sgycs0 Jlod & Ban del> oMl sl jlad (Y Sy Sl
Jlés (Akbari-Adergani et al., 2023; Fan et al., 2023)
¥ JS8) Ulgrgs (s 09,5 93 b sl g rdigel aon > MOE
s cplpl g Veee )yt (BT JSS) GYWS )5 5 (A
2 gyl Gpan Sl gy Wl (oMo Cgllacls 5l
duolie MOE jlade (43 a8 ol junb Yleis! aalllas )50 Coxon
caily e Yl s s sy 2l o o8 gy (] > o
b (JS )5 o8l gly g VS gowpl 3 a5 2g VoFFY
aelxo (o) 0 g P okSTp S 9y5es) W+ ylade LBMDLio
055k 1 o3 033 3,905 MOE (IS poay (B-Y JS.5) 43,5
I OYWS)5 bwg gyl o908 Bpas )b 5l aljy, 8Ly
OS5 (Mo y2 sl ST s ((ijls sl oS (g9
ES-C adllas 390 (o 09)5 53 2 > el (Ulgrgs j) Sga
MOE el bST jiio polie il Jdsay ES-H & cuws
et alafy ool iy sy o8 0 i 1y 558
3y
251 gl )3 el ST zobans (M jlas (b3 5 e
9 25 by Olid I3l )3 39250 WS S 5 )58 0 LAl
b .cd 5 )8 adllas )50 (Karami et al., 2022) l,Sen
o (6598 0kd (Al 301 50 ol o ST e (00 iy SOl
Bis pSSTpS3Se) ) wlisad b gl 2 Sen S

5 (L y33) &+ -+ |, MOE ylaie BMDLio = - (ja,/ 5
03y pSsSTpS9,5e) ) ekl b g (pSse IS OV e
(LA )3g) Yoo vee |, MOE jlaio cBMDLyo = ¥+ (35,/

lio 5 ol 4y &S 03,8 duslime (LuSxo BIS) YoAero
s Sl b5 ol g SV g (ol 55 00 dpulons
Cowl oM yune dmels cdlw (glp OV game pl el ST
gyl ) &S i Sldlls 51 3 > (Karami et al., 2022)
Corans § EDI iy ko bl gy o] sy oS 3l L MOE
Riboldi, Vinhas, & ) 15 ()55 sel b ST oliclb yw 9 (S5

(Moreira, 2014

ls=o (Nematollahi et al., 2020) |)\Ken 5 (2l caoss
FY (i g (ixo ()b diged YO) (ol3é wiges VAD 3 1y ael by ST
ool diged B (o pd 9 OUSS 4iged VF ClgSinn 9 S5 g
Wy Ol jae diged YV 0ge3 diged V7 e0)d 9 (i 4l »
2 2290 (Syen g prwge iy A8le 295 Cund iged WV
285 5 (36 s il 5 038 550 g SBES o s
VLS55 5 sy (365 ) el poye I (oamog ik 3 1,
bV o opd ilises slatiyy dpol oS jlade ko )87 )
it by cbale o e o dol Casdy pSlS 51 259,50 WY
VS o sbvog)S plos (sl 9y )3 Bpae (b (i o ieS
Nematollahi ) wsls olais! dgs a1y ailjgy cdlys jlawp Y U
a0 b cadly Slgseen oL, Sings ol b be b (et al., 2020
Olyzgs (slp EDI jlide bawgie joboey chio)> VB a8
(ol o 039 S okSTe S 9,5e) /o8 (VWS ) gl g /N0
0588 B puno a5 Wlod,S leal 5 Wikl )0 s Clallles i dwlro
sl 598" ol ) Lol o ST @ligy il 5l aioyd ¥ Jstuse Lo
Peris-Camarasa, Pardo, Fernandez, Dualde, & Coscolla, )
(2023

33410 ST 53 agal 9o enila

Span jl (86 s bl sl ely o yiese MOE jl oolicl
dlgo plo cly (oelsl U1 5l pe a4 wcowl ogad yd el by ST
@ ol 0 duogi bgyl adlosl )3 uxe 9 (asuine TDI (STyes
sl cuodas 3 0191 (o 25 yslatod; MOE ¢ > (yra
i 5 &S ghailen (XU etal., 2014) 15,5 ]| JECFA Loy
AY- oo BMDL1g jl ssliziul | MOE 15 53 la s, 5 Slge
3)S dwle (o)l iy P ekSTpS9)See) ¥ g YO
b Sosgdgern] Sldllhs I a8 el oau¥l jl (6,luie BMDL
359 Jolas g wl e conss aBiulejl by cq) p lallas
sl oM gl udly cplas & WS e ol Ty ea YT S,
Sl Sl i i (BMDL1gLBMDLs e olgisas 5 o
b ooy @l caoyd Vo b d Lol el oS aian oan YT )
(S yobay (Kashani et al., 2021) g5 o yogs Aby gopud
5 538 el s ol sl (e L o el (5,13 MOE
Barrios-Rodriguez ) 54 o odliiul STyg5 ¢ 138 ;5 oan ¥l 5434
oal)5 i Copte s (St |y (albdgein 5 (et al., 2021
I8 clalse a0 s dn U Slusl Slaalge a5 s o lis g 03,8
A S35 ¢ 2Kilejl Gllges > o
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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)
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