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ABSTRACT: Objective To assess the dietary exposure risk of cyanide in fruits and processed fruit products sold

in Jiaxing City in 2025. Methods The content of cyanide in fruits (expressed as hydrocyanic acid) and processed

fruit products was detected by gas chromatography referring to GB 5009.36—2023 National food safety

WS HER: 2026-01-13

ESWB: 5 X%0RHE TAEL W H (2024AD30122); #iiT4a B 245 TAERHE TR0 H (2025KY1629); VLA 578 95 45 Hil BHE 1l
I H (2026JKZ075)

FB—1EE: AEOE1998—), Zr, Wi, KIREIN, FERE T L 2K . E-mail: 3160102079@zju.edu.cn

HBIEIEE: 5/hB(1981—), o, i, @I FTHEIN, FLBFFT 7 b L 2 . E-mail: 285016065@qq.com



142

B b 22 43 R R D A 4l

standard-Determination of cyanide in food. The dietary exposure risk was evaluated by using the point assessment
model and the hazard quotient method, combined with the average consumption of various foods for residents of
different age groups. Results A total of 90 fresh fruit samples were analyzed and the overall positive rate was
16.7%, with concentrations ranging from not detected to 0.690 mg/kg and an average of 0.0465 mg/kg. Among the 50
fruit processed products (21 fruit wines, 19 fruit juices and 10 fruit jams), the overall positive rate was 56.0%, with
total detected values ranging from ND to 6.98 mg/kg, and an average value of 0.681 mg/kg. The average chronic
dietary exposure amounts of cyanide in fruits, fruit juices, fruit wines and fruit jams for different gender and age
groups were 0.0514, 1.0200, 1.2300 and 0.0218 pg/kg bw * d, respectively, all of which were lower than the
maximum allowable daily intake value of 20 pg/kg bw * d for hydrogen cyanide. Conclusion Risk assessment

indicates that while the intake risk from processed fruit products is higher than that of fresh fruits, both remain within

safe limits. However, due to their lower body weight, children were identified as a sensitive group with relatively

FH1TE

higher acute and chronic exposure estimates, warranting specific attention.

KEY WORDS: fruit; processed fruit products; cyanide; dietary exposure risk
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1.3 WAL
1.3.1  AR/f R s

HERFEEL 2.00 mL 7K FEFRERBT(50 mg/L)F 10.0 mL
FET, LU 0. 1% A S AN T e 25 B A5 BT e o
10 mg/L BYFRIEA AR, G IR

P HGE K P EARAEH AW, LL 0.01 mol/L A 54k
FRE ORI AR SRR BE 0.002, 0.005, 0.020, 0.050.,
0.100. 0.200. 0.500 mg/L MIPRIERSNIER, InFHBLAL. #E
TS 10 mL 2 AR ER I T T2, A 0.2 mL 8%
TRV (1:5, V1) J% 0.2 mL &UB% T (10 g/L), s % &,
R,
132 Hamaraz

FEAATAL R FE5% GB 5009.36—2023 55 1 S AR
R XF 90 M KR (FAZ A, BT &) 19 39T,
21 50 | 10 0 SR S AT Y TR ST o HERRARECAS AR
1 g(HEHA 2 0.0001 g), LLEBEF/KES R 50 mL, HAHRE
30 min, 8000 r/min &> 5 min J5HEMFE I 10 mL T
Tz, A 0.2 mL BEBRIER (1:5, V:7) 5% 0.2 mL G # T
(10 g/L), fnsesg s, R,
133 BBEMH

(WM

HP-5 £ T B 404 (6754 (30 mx0.25 mm, 0.25 um); B
FEFEEE: 200 °C; FHEFRT: #1E 40 °C, {#4+F 5 min, L
40 °C/min JI % 230 °C, {7452 min; 25 @aliAE =, 4ijE =
99.999%, ik 0.5 mL/min; MFAFEE: AR, ST 5010

Q)= sy Hr St

TR EE 50 °C, R TEEIE 80 °C, fLHiLkiRE
95 °C, Thzs kAt E] 30 min, S ART[E 0.5 min, JlFEATE
1.0 min, #SJE ST 42 kPa, 4B %7 70 kPa,
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B i R E AL S B XU 5 BB AE i R AR

PRE AT G i B IXURS: S DAy P XU, A S XU P, 1
P JRUBS: TPA X F5 A BRI ), A P i XU 0 56
Ho 2% 82 F2 8 o A I 54 10 A2 41 40 (World  Health
Organization, WHO) , BA E R AR 441 (Food and Agriculture
Organization, FAO)EFZH Al i M & e &5, #
JH 169 7 (chronic hazard quotient, cHQ)HliiA F—75 4L
FFE UL, cHQ TR A (1)~(2):

EDI=(CxD)/bw (1

cHQ=EDI/ADI )
' EDIHE A6 T 7a A H $ At (estimated daily intake),
pg/kg bw = d; C Farleisk B Bk, ug/ke; D $6 3 H I
T, kg « d; bw FEIHFE 1A (body weight), kg; ADI 1§
4 H 2545 A i (acceptable daily intake), pg/kg bw * d.

cHQ B/, MUK B/, cHQ<1 27 £ il & A e FfE X
AL AT LN, cHQ=1 I RIS B AEAE A Al 232
P2 Al R XU

1.5 EEALE
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GE/8 5 G I S IR BRI 2R 2 R il d K TS
Yyl (5SROI iy e SRR A B L N T
60%H5}, A /NTA6 H BR (limit of detection, LOD)AYZE SR LI
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AR AR Y ELAAR S A 1 L

90 MIACR(EHEAL 23 . #i% 18 iy, Al 15 . &
10 6. BERE 8 iy, Bk oy, SR 6 iy 2T 4 M) AYR
W A R 16.7%, K HETE AR K H (not detected,
ND)~0.690 mg/kg [A], EEYIEA 0.0465 mg/kg; Hal
T BA MR RIS, 20 53.3%. 27.8%, Kii{ESY
F112 ND~0.288 mg/kg. ND~0.690 mg/kg, 7EZLFh/K BT,
PR EAAY R B RN 56.0%, RH{EN ND~
6.980 mg/kg, BOEIE N 0.681 mg/kg, AHACRT = BF
Ko, Hrp R b w e B B R, O 81.0%, K
{HTE ND~6.980 mg/kg [, “FI5{EH 1.3400 mg/kg; HitHh
FALIR N 42.1%, K {E N ND~1.450 mg/ke, “F-3
{E k7 0.3000 mg/kg; ¥ FADIKE H3K 10.0%, i HE
4 0.389 mg/kg, FIIE R 0.0389 mg/kg.
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Table 1 Overall detection results of cyanide content in 90 commercial fruits and 50 processed fruit products
5% 55 B /(mg/kg)
FE A FE S5 Tor H A 4k 2% /%

A S PNEN Psg Pys
KR 90 15 16.7 0.0465 0.690 0 0.377
Rt 19 10 42.1 0.3000 1.450 0.015
e i} 21 17 81.0 1.3400 6.980 0.503 6.880
R 10 1 10.0 0.0389 0.389 0
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Fig.l Summary chart of detection rate and value of
cyanide in fruits and processed fruit products
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KTFAFTIRBEA MG S, Bard 2%
AN 2011 4F FAO Al WHO IR SRR & & R %
e R AT A R R H & K AT A & (provisional
maximum tolerable daily intake, PMTDI#§ 51 20 pg/kg bw!*®,
BUZAE 60 ADL BCSEEINE M F kP (UL A F R 15
AREIBEAE R 5 B B, i (s RE SR 518
TR B4 (2020 4£) ) PO 17531 3 [ A [A)4F I B RO
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18 2L FJRER A HAKE&; MR SCHk[30]1E 3R E A
FAER R R & HARHEA R, BT HATE LR TR
EERABRERARNGITER, Bz T EEEHK
{# R 175 37 84 (National Health and Nutrition Survey of the
United States, NHANES)H8 50 11935 EUR R BRI E < B s
TR K SR X — K2R foF 2 4 H A RERUER Y, 1%
0 1 B R e T S T S B 0T SRR, Bl R
12~18 X H/DF4 H P AR 24.8 g, KTHT 19 F 1
HEH R HE AL 263 g, RTFET 19 5 B MA
HEVP AR 24.7 g, DIXEHURIE NS %, BRERBR
Ny HARE AR AR 20 g ARA 1.4 RAZ(D).
()5 cHQ IFL B LA 2.

HI 28 2 AT, FEPPAG AR B it p P AU R B A
WU, AR B ARER IR cHQ MR T 1, BEHIACR
R S g P S SRR A S TIRXU: . B TAER R
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BT R E ARG (ug/kg bw)FRIR. 2015 FAEEPEFL
IXUBS: Al iff 5% BT (Federal Institute for Risk Assessment, BfR)
RATH) TR ARID K 75 pg/kg bw, WK F 76 >4 &
mmbRfE R (Food Standards Australia New Zealand, FSANZ)
AT AR ARID 52 BN, 4 80 pg/kg bwtl,

VPRI B KUK 2 R PPAG AR 3 24 h AT BRI B EEFERE .
RO, RS AN 5 B B R C AR
P 3 AL, ANFEEBIER AR SR /N T 75 ng/kg bw,
G AT AG I 3] ) i R o AEAC R (R R R BULE R S 268
HRFRAL, EBRARMNTTEMLASEE.

223 BRERERE

FAY R R EX SREA DAY SR, &
AFHRIE ik . AFN MR EFERELA L. A
[ e 0 A 0 2H AR KR rh iUk 18 e B £ 2 R o SO 1
{E7 0.0514 ug/kgbw * d, Hit. FlE ., RE&EPhFyE
PR B 2 82 5 A0 HOACR T S A W B4R T, S X{E 2 )
4 1.0200, 1.2300, 0.0218 pg/kg bw + d, HIET M
PR H B R SRV AR 2 1H 20 pg/kg bw « do MESE
30 I 2 KCH0 A LA A 360 30 0 A DG T SR AR A B, TEARIAH
K IR R A e A 1 T R KU N, Ak T T R
ZIEFE . (H TR 2R IR BEA TR 2y
TGO, 22 5 AL R T 1 85 A S (0 A0 o 15 0 R
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B AT IV 3 S it BB



5513 4 R, 2 2025 4F 57 TR KR B HOIN )™ bty v AP A 2 0 R XS A 145

%2 FREBEDABKRREKRMIESHEALDREEEMERRKRER

Table 2 Chronic dietary risk results of cyanide exposure in fruits and their processed fruits products among different age groups

iiES AR B bw/kg Di(kg * d) C/(ug/kg) EDI/(ug/kg bw * d) ADI/(ug/kg bw * d) cHQ
%358 18.2 0.03530 0.0902 0.004510
4 3~5 % 17.4 0.03420 0.0914 0.004570
B 6~11% 30.8 0.04660 0.0704 0.003520
7 6~11 % 29.6 0.05220 0.0820 0.004100
B 12~17 % 55.9 0.04140 0.0344 0.001720
KR & 12~17 % 49.8 0.05050 46.5 0.0472 20 0.002360
5 18~59 % 70.4 0.02880 0.0190 0.000951
4 18~59 % 59.8 0.03990 0.0310 0.001550
H>60 % 64.0 0.02930 0.0213 0.001060
I>60 % 56.7 0.03260 0.0267 0.001340
Ty - - 0.0514 -
5 3~5% 18.2 0.15300 2.5200 0.126000
4 3~5 % 17.4 0.09850 1.7000 0.084900
Hoe~11 % 30.8 0.12700 1.2400 0.062100
& 6~11 % 29.6 0.12500 1.2700 0.063000
B 12~17 % 55.9 0.13900 0.7470 0.037400
Rt & 12~17 % 49.8 0.11700 300.0 0.7050 20 0.035200
7 18~59 % 70.4 0.15100 0.6440 0.032200
4 18~59 % 59.8 0.10900 0.5470 0.027300
B>60 & 64.0 0.08820 0.4130 0.020700
I>60 % 56.7 0.07250 0.3840 0.019200
Sty _ - 1.0200 f
H18~44 % 713 0.07890 1.4800 0.074200
U 18~44 % 58.8 0.00493 0.1120 0.005620
H 44~59 % 69.5 0.15000 2.8900 0.144000
RN 4 44~59 % 60.8 0.00658 1341.0 0.1450 20 0.007250
H>60 % 64.0 0.12100 2.5500 0.127000
Z>60 % 56.7 0.00822 0.1940 0.009720
Ty - - 1.2300 -
B 35% 18.2 0.02000 0.0427 0.002140
4 3~5 % 17.4 0.02000 0.0447 0.002240
B 6~11% 30.8 0.02000 0.0253 0.001260
7 6~11 % 29.6 0.02000 0.0263 0.001310
B 12~17 % 55.9 0.02000 0.0139 0.000696
RE g 49.8 0.02000 38.9 0.0156 20 0.000781
B 18~59 % 70.4 0.02000 0.0111 0.000553
4 18~59 % 59.8 0.02000 0.0130 0.000651
B>60 % 64.0 0.02000 0.0122 0.000608
I>60 % 56.7 0.02000 0.0137 0.000686
Ty - - 0.0218 -

T AT I
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Table 3 Acute dietary risk results of cyanide exposure in fruits and their processed fruits products among different age groups

AR

IS RIS B bw/kg D/(kg * d) Cl(ug/kg)
(ng/kg bw * d)

B354 18.2 0.03530 1.340

U 3~5 % 17.4 0.03420 1.360

B 6~11 % 30.8 0.04660 1.040

@ 6~11 % 29.6 0.05220 1.220

e B12~17% 55.9 0.04140 690 0.511

o 12~17 % 49.8 0.05050 0.700

B 18~59 & 70.4 0.02880 0.282

I 18~59 % 59.8 0.03990 0.460

H>60 % 64.0 0.02930 0.316

L>60 % 56.7 0.03260 0.397

B354 18.2 0.15300 12.200

L 3~5% 17.4 0.09850 8.190

5611 % 30.8 0.12700 5.990

@ 6~11 % 29.6 0.12500 6.110

. H12~17 % 55.9 0.13900 3.600
Rt 1447

U 12~17 % 49.8 0.1170 3.400

% 18~59 % 70.4 0.15100 3.100

I 18~59 % 59.8 0.10900 2.640

H>60 % 64.0 0.08820 1.990

L>60 % 56.7 0.07250 1.850

T 18~44 % 71.3 0.07890 7.720

U 18~44 % 58.8 0.00493 0.585

. B 44~59 % 69.5 0.15000 15.000
bS] 6980

U 44~59 % 60.8 0.00658 0.755

B>60 % 64.0 0.12100 13.300

U>60 % 56.7 0.00822 1.010

H3-5% 182 0.02000 0.427

L 3~5% 17.4 0.02000 0.447

B 6~11% 30.8 0.02000 0.253

L 6~11% 29.6 0.02000 0.263

e B 12~17 % 55.9 0.02000 189 0.139

U 12~17 % 498 0.02000 0.156

H18~59 % 70.4 0.02000 0.111

7 18~59 % 59.8 0.02000 0.130

F>60 % 64.0 0.02000 0.122

U>60 % 56.7 0.02000 0.137

3 W54

AR UG I3 2% T TR AKCREEAS 90 iy Bk R 17
FRFEAS 50 Q21 AR . 19 G ARTEL 10 R, KA
7 R TR B4 G AR R R R R TR KR,
A RESE i TR A R AR R B BR AR AR B AR R A,
TERERC, R A A0 B vh AL S BURAL IR, (75 R
AW AR BB BEACR (B E R, BT AL T
FI . A5G T RO R 2 K A T ) XU A 2 1,

P 77 b ) P A i £ R i B IR T A TR 4 H A
ORI, RSB E AR, SRT, KSR L]
st i1 A PR B B i RS ATS 1 TR KR, L B R T
M, LR TR R R, R AA RS, ks
e A SR IR i T HAAR R AL, B RS, 5 SR A
NHE. DR, A BTG R B A KU A 22 AT R A,
WA iR E S ANKEIR P, KL E A
SRUEXTR, FFAREE I s 1 % I KR )™ i v B TR Ae )
K, DLPR B M A Sk B
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