LZHRM AL, J. Anhui Agric. Sci. 2022,50(7) :157-164

MITZRERENGREPFZRTRERNZIN

NS R S1.2% 1 A e 123
Mok RPE R BT R R (1 i i S T AL 31602252, M A T e f
2 S S R WFSY T S SE IR S, WiV TRl 31602253, WivT 48 A LLrge s i 5 45w s , WiV AL 316022)

HE (B0 AREShs AR TR RAMIIER ARG m T2 T SIRFRAERGP A, [FEIELT REE
(2.3.4.5 min) .32 % (120,140,160,180 °C) £ /A wy AP K (A4 Fo 2w ol K &) ZE7 X (A H M) ek kh5 TR
2o/l R TACREARZ AR E T ZHRGFRERAOY R, [ER]IMEM TR WERFREG IS, RE P S H0F
BEERF[a] BABTLRIIE I ZRR R R i L& )5, § K526 AR BRI SRR A4 K 2 Eld ek
(P<0.05), REUHFeG 7 XPT ARG % 5 R EFRAK, R [al 8B A6 7 X T Ak Kk ok & B AL B A L e ikm Tk A2 % 31
R A R T (P<0.05) ; R ABAEAA K E 22345 min MITALIRE, $RFBETH CK BEBIL(P<0.05), FHEEH 3 H
30.28% .28. 17%.19. 37% 5. T1% ; 3t [ a] 36 4B AL 2 E T4 (P<0.05) , F K% 45 34 32. 35% .41. 03% .45. 45% .69. 52% ; % ¥ & £ &
MR 222 3.4.5 min m TG, G REFR CK A ZF FTH(P<0.05), FHE5 5] 4 20.68%.18. 36%.20. 86% 12. 63%,
E [ a] 364 F B FAKTF CK(P<0.05) , FH% 5 5] % 2.94% 10.26% .15.91% .59. 05% ., [ 44 | Totia] Ao T A A wAE %
1 RARSR B TP S RF R ARAAREH 0, MITARCRES AR TEERBIATZOLE, TREERIK S RF B
Kt al b8 £ R,

KR BB E S RAEATRALR; SHFR
HESES TS254  XEkRiDED A

XEHE 0517-6611(2022)07-0157-08
doi ; 10. 3969/]. issn. 0517-6611. 2022. 07. 038

FEHRIE (ATRARS ) ARIRA5(OSID) ; mE

Effects of Processing Technology and Chitosan on PAHs Formation in Squid

YANG Bo',ZHU Yan-hua' ,HUANG Ju'? et al (1. School of Food and Pharmacy, Zhejiang Ocean University, Zhoushan, Zhejiang
316022;2. Key Laboratory of Marine Health Hazard, Zhoushan, Zhejiang 316022)

Abstract [ Objective] This experiment took Peruvian squid as the research object to explore the influence of processing technology and chi-
tosan treatment on the formation of PAHs in the processing of squid. [ Method ] The experiment explores the effect of different time (2, 3, 4,
5 min) , temperature (120, 140, 160, 180 °C ), cooking oil( palm oil, peanut oil, rapeseed oil, soybean oil) , cooking way (fried,broiled,
baked) , squid skin to remove or not and the 2 g/L of chitosan and carboxymethyl chitosan solution immersion treatment on polycyclic aromatic
hydrocarbons generated in the squid. [ Result] The results showed that with the increase of the processing time and temperature, the total PAHs
and B (a) p content in the squid also increased gradually ; after processing squid with different edible oils, the PAHs yield was in order from
low to high: palm oil < soybean oil < sunflower seed oil < peanut oil (P < 0.05). The effects of three cooking methods on PAHs production
in squid were compared. Generated by using the way of baking of PAHs, the total content is the lowest, but generated by using the way of de-
coction of B (a) p content is the lowest ; the effect of squid skin on PAHs generation in squid was investigated. The results showed that removal
of squid skin could effectively reduce PAHs generation during processing (P < 0.05). After 2, 3, 4 and 5 minutes of processing, the total
PAHs in the chitosan treated group were significantly reduced compared with those in the control group (P<0.05), and the reduction rates
were 30.28%, 28.17%, 19. 37% and 5. 77%, respectively. B (a) p content has decreased significantly (P<0. 05),the decline rate of
32.35%, 41.03%, 45.45% and 69. 52% respectively ; carboxymethyl chitosan treatment group of squid by 2, 3, 4, 5 min after processing,
polycyclic aromatic hydrocarbons amount compared with control group decreased significantly (P < 0. 05), decrease rate were 20. 68%,
18.36%, 20.86%, 12.63%, B (a) p content was also significantly lower than control group (P<0.05) , decrease rate of 2. 94% , 10.26% ,
15.91% and 59. 05% respectively. [ Conclusion] In conclusion, processing time, processing temperature, edible oil type, cooking method and
squid skin all have significant influence on the generation of PAHs in squid. In addition, using chitosan and carboxymethyl chitosan processing
soaking treatment before processing, will significantly reduce the polycyclic aromatic hydrocarbons and formation of B (a) p.
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Table 1 The information for 16 PAHs and isotope
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IJ:?().? Chtﬁlzgez n*fr(ne Elﬁlf}ﬁ]ifile IRz 5 CAS éirr%mi
1 Z8 Naphthalene 19-20-3 C,oHg
2 JE N Acenaphthylene 208-96-8 C,,Hg
3 A Acenaphthene 83-32-9 Cp,Hy
4 Vil Fluorene 86-73-7 Ci3Hy
5 E[d Phenanthrene 85-01-8 CiuHy
6 Jia Anthracene 120-12-7 C,Hy
7 PR Fluoranthene 206—-44-0 CisHyo
8 2 Pyrene 129-00-0 CisHyo
9 #If[a] B Benz[ a ] anthracene 56-55-3 CisHy,
10 Jt Chrysene 218-01-9 CisHy,
11 I b Benzo[ b ] fluoranthene 205-99-2 CyHyy
12 HI ko Benzo[ k ] fluoranthene 207-08-9 CyHyy
13 HHlaltE Benzo| a]pyrene 50-32-8 CypHyy
14 gigf[1,2,3-cd | ¢ Indeno[ 1,2,3~c,d ] pyrene 193-39-5 CypH),
15 ZIf[a,h] B Dibenz[ a,h ] anthracene 53-70-3 CyHyy
16 FF[g,h,ildE Benzo[ g,h,i]perylene 192-24-2 CyH,
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Table 2 Retention time SIM ion and physicochemical properties of 16 polycyclic aromatic hydrocarbons and their deuterium substitutes

B I S £ sl

éﬁﬁ)ﬁﬁﬁime Rc{iﬂrgﬂjliltihe Qu/_taElirliatliA\fe ion Qufr:-lli%e:lkijv?ion Boil?jé%oinl
tp//min (m/z) (m/z) C

Z% Naphthalene 4.30 126.9/101.9 127.9 209.8
Z%-d8 Naphthalene-d8 4.27 134.0/108. 1 136. 1
Ju /s Acenaphthylene 7.21 149.9/125.9 151.9 290.0
Ju##—d8 Acenaphthylene-d8 7.17 157.8/155.9 160.0
J& Acenaphthene 7.49 152.9/126.9 153.9 252.0
J—d10 Acenaphthene-d10 7.41 162.1/160. 1 164.1/162. 1
%j Fluorene 8.71 165.9/164.9 166.9/165.9 276.0
%j—-d10 Fluorene-d10 8.62 173.9/169.9 176.0/173.9
JE Phenanthrene 12. 18 183.9/160. 2 188.0 326.0
JE—d10 Phenanthrene-d10 12.10 175.9/151.9 177.9
B Anthracene 12.30 183.9/160. 2 188.0 326.0
Bi-d10 Anthracene-d10 12.22 175.9/151.9 177.9
¢ J4 Fluoranthene 16. 41 152.0/150.0/199.9 201.9 369.0
¢ B —d10 Fluoranthene-d10 16.35 180.0/106. 0/207. 8 212.9/212.0/211.9
Tt Pyrene 17.22 150.0/199.9 201.9 369.0
1£—d10 Pyrene-d10 17. 16 180. 0/106. 0/207. 8 212.9/212.0/211.9
K[ a] B Benz[ a]anthracene 20.53 225.9/101.0 227.9/113.9 400. 0
Z3f-[ a] Bi-d12 Benz[ a ] anthracene-d12 20. 46 236.2/116. 1 240.2/118. 1
Jiti Chrysene 20.74 225.9/101.0 227.9/113.9 400.0
Ji=d12 Chrysene-d12 20. 66 236.2/116. 1 240.2/118. 1
K[ b]9¢ B Benzo[ b ] fluoranthene 23.79 126.0/250.0/252.0 252.0 461.0
[ b1 %F 8 ~d12 Benzo[ b fluoranthene-d12 23.70 260.0/117.9 264.0/131.9
HI[ k] 9B Benzo[ k ] fluoranthene 23.88 249.9/113.1 251.9/126. 1 430.0
31 [ k] 9¢ B —d12 Benzo[ k ] fluoranthene-d12 23.80 260.0/117.9 264.0/131.9
%3 [ a]E Benzo[ a]pyrene 25.14 249.9/113. 1 127.9 461.0
HIE[a] E-d12 Benzo[ a] pyrene-d12 25.05 260.0/117.9 136. 1
it 1,2,3-cd] £ Indeno(1,2,3-c,d) pyrene 28.10 274.0/137.0/136.0 151.9 498.0
EiJf[1,2,3-cd] ¥ -d12 Indeno(1,2,3-c,d) pyrene-d12 28.06 284.0/225.0/147.0 160.0
[ a,h] & Dibenz[ a,h]anthracene 28.16 124.1/276. 1 153.9 487.0
ZFf[a,h] ¥ —d14 Dibenz[ a,h ] anthracene-d14 28.07 288.0/207.0 164.1/162. 1
K[ g,h,i]3E Benzo[ g,h,i] perylene 28. 86 274.0/137.0/136.0 166.9/165.9 467.0
[ g,h,i]dE-d12 Benzo[ g,h,i]perylene-d12 28.78 284.0/225.0/147.0 176.0/173.9
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Table 3 PAHs of squid after frying and baking in different time pg/kg

i1z bis T e . .- e T It & ,.».;

gfr?(‘:eillr?g time = A(‘}gl}:;h— Je K iF & L b ZI:Bfr—lE Eljl ]@
L " Naphthalene N Acenaphthene Fluorene Phenanthrene ~ Anthracene  Fluoranthene Pyrene .
min thylene anthracene
0(CK) 5.42+£0.01 e  0.18+0.01 ¢ ND ND 1.34£0.02 e  1.73+0.01 a  0.88+0.01 d  7.59+0.01 a ND
2 11.68+0.02d 0.74£0.05a 1.08+0.03 a 3.03+0.02b 9.42+0.01 d 0.41+0.03 ¢ 1.72£0.03 ¢ 1.35£0.05 ¢ 0.19+0.4 a
3 12.50+0.03 ¢ 0.28+0.01 b  0.59+£0.03 b  3.21+0.03 a 10.80+0.03 a 0.46+0.01 ¢ 1.87+0.01 b 1.14+0.02 d 0.19+0.4 a
4 15.80£0.01 b 0.32+0.03 b 0.60+0.03 b 3.02+0.01 b  9.81+0.03 ¢ 0.44+0.03 ¢ 1.87+0.03 b  1.32+0.03 ¢ 0.18+0.04 a
5 17.80+0.02a  0.83+0.02a 0.63+0.01 b  3.19+0.04 a 10.60£0.03 b  0.51+0.02 b 2.21+0.03a 1.73+0.01 b 0.23+0.04 a
T AGELIEE RO Ol T SR hi)dE e SR
B J ! ) [1,2,3-cd ] & : AIfLalth el
Processing time Benzo[ b] Benzo[ k | Dibenz[ a,h] Benzo[ g,h,i] S
. Chrysene Indeno(1,2,3- Benzoapyrene
min fluoranthene fluoranthene anthracene perylene Total PAHs
c,d)pyrene

0(CK) ND ND ND 1.68+0. 01 0.31+0.02 ND 0.33£0.01 be  19.46+0.02 e
2 1.18+0.03 ¢ 0.18+0.03 a 0.25+0.01 a ND ND ND 0.34+0.03 b 31.57+0.25 d
3 1.55£0.02 a 0.18+0.02 a 0.29+0.03 a ND ND ND 0.39+0.04 b 33.44+0.30 ¢
4 1.37+0.03 b 0.19+0.01 a 0.26+0.02 a ND ND ND 0.44+0.01 b 35.62+0.14 b
5 1.40+0.02 b 0.23+0.04 a 0.29+0.01 a ND ND ND 1.05+0.02 a 40.70+0.27 a

T« ND FORAMG Y 5 RPN ) ING T RS- A B ) 22 57 1. 35 (P<0. 05)

Note:ND stands for not detected ; different lowercase letters in the same column indicate significant differences between treatments ( P<0.05)

2.2 FFIREMGEMTERPZHRFTRENMZE X
IR Bl £ A G 7E 120,140,160, 180 °C 2% 1 T 43 1] 7T 1
3 min, ZRJS RGN A 2 A 05 ke S DAL 16 Ffiy DL 22 3655
EPr & 4RI 4, hiZk 4 a1, 25 120,140,160,
180 “C Al , et rp Z2 IR 07 K BB B CK A7 R0 i, 20331
S 27.55.30.79 .33. 44 47. 05 wg/kg, HEK AR5 R 41. 57% |
58.22% 711.84% 141. 78% ; It [ a] P& & w0 il & 0. 34,
0.35.0. 39.0. 47 ug/kg, K K435 K 3. 03% ., 6. 06% .
18. 18% \42. 42% , H ¥R M ik [ ZE FRAEARHE (5 peg/kg) o X
JE T BEE PR RE 9 BT, B b 8 B IR A AN W
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h,iJFEBAM o Racovita %5 BF5Y & B, 0T 36k JEE AT 520
R TS P A i 2 PR R A AR, BRIV o T [ 5 L P 22
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S N 16 B WA AL G G SRR 5. &S
AT, S AT K S SRl AR A T Y AT, Bt b 2
RIS S 4y IR 33. 44 . 44. 99 48,43 50. 30 pe/kg, # CK
RN, 8K R 71, 84% 131, 19% . 148. 87% .
158.48% ;K3 [ g, h, i) 36 & &8 4> B & 0. 39.0. 38.0. 48,
0.42 pg/kg, B K 4y 9 Ky 18. 18% ., 15. 15% , 45. 45% .
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Table 4 PAHs of squid after frying and baking in different tempertaure wne/ke
FliL JE M . - - - - HIf[alE
ﬁfi«ﬁlﬁrmuw o A(‘El}j;h— Je % iF & I te ZI:BﬁlE E‘; ]
o ’ Naphthalene - Acenaphthene Fluorene Phenanthrene  Anthracene  Fluoranthene Pyrene .
thylene anthracene

CK 5.42+0.01 e  0.18+0.01 d ND ND 1.34£0.02 ¢  1.73+0.01 a  0.88+0.01 ¢ 7.59+0.01 a ND
120 9.57+0.02d  0.22+0.03 be 0.57£0.02 ¢ 2.72+0.01 ¢ 8.26+0.03d 0.28+0.03d 1.55+0.04 d 1.54+0.05c¢  0.23+0.01 a
140 10.81+0.01 ¢ 0.26+0.03b 0.77£0.01 b 3.20+0.02b 9.33x0.05c¢ 0.30+0.02d 1.68+0.02c¢ 1.44+0.03d  0.18+0.03 a
160 12.50+0.03 b 0.28+0.01 b  0.59+0.03 ¢  3.21x0.03 b 10.80£0.03 b 0.46+0.01 ¢ 1.87x0.01 b 1.14£0.02e  0.19+0.04 a
180 18.32+0.01 a  1.27+0.02a 0.91+0.03 a 4.15+0.05a 13.75£0.02a 0.62+0.05b 2.38+0.02a 2.00£0.02b  0.23+0.04 a
VS by e b e ey ey E’P j —h PR e
R - ZAIELb]ECE FIR[k]ZEE —AIF[a,h] ”ff e AIE[g hilHE e EA75 72
F JE i i . . [1,273 (‘(”E'\ . . 7&"?‘[‘@ =t fEE=X

ry temperature Chrvsene Benzo[ b] Benzo[ k ] Dibenz[ a,h] Indeno(1,2.3- Benzo[ g,h,i Benzoanvrene 58+
C Tysene fluoranthene fluoranthene anthracene i - perylene Z0APYIENE  Total PAHs

¢,d) pyrene
CK ND ND ND 1.68+0.01 0.31+0.02 ND 0.33+£0.01 be  19.46+0.02 e
120 1.75+0.03 ¢ 0.23+0.03 b 0.28+0.02 b ND ND ND 0.34+0.02 be  27.55:0.11 d
140 2.02+0.02 b 0.20+0.00 b 0.260.02 b ND ND ND 0.35+0.03 b 30.79+0.05 ¢
160 1.55+0.02 d 0.18+0.02 b 0.29+0.03 b ND ND ND 0.39+0.4 b 33.44+0.30 b
180 2.26+0.03 a 0.31+0.01 a 0.37+0.03 a ND ND ND 0.47+0.03 a 47.0520.13 a
TE:ND SR AR 5 RIS )/ NG 7 R 7R Ab PR E] 22 5 . 2% (P<0. 05)
Note ; ND stands for not detected ; different lowercase letters in the same column indicates significant differences between treatments ( P<0. 05)
x5 HEZLAEMEHAFNEESAFTREEE
Table 5 PAHs content of squid after frying in different kinds of oil pg/kg
s S JEN . - T "~ HIf[al B
TES % g i e # Je o e
01l type Naphthalene ap Acenaphthene  Fluorene Phenanthrene ~ Anthracene  Fluoranthene Pyrene )
thylene anthracene

CK 5.42+0.01 e  0.18+0.01 d ND ND 1.34£0.02 e 1.73+0.01 a  0.88+0.01 e 7.59+0.01 a ND

FAEiH Palm oil 12.50+0.03 d  0.28+0.01 ¢ 0.59+0.03 ¢ 3.21+0.03 d 10.80+0.03 d 0.46+0.01 ¢ 1.87+0.01d 1.14+0.02d O0.19+0.04 ab
23 Soybean oil  21.03x0.02b  0.35£0.02b  0.74+0.03 b  3.86+0.02 ¢ 12.20£0.02 ¢  0.5120.05 ¢  2.2020.02 ¢ 1.59£0.03 ¢ 0.19+0.03 ab
ST Rapeseed oil 22.02+£0.03 a  0.38+0.05b  0.75+0.03 b 4.28+0.01 b 12.95+0.02b 0.47£0.03 ¢  2.31x0.02b 1.88+0.03 b 0.23+0.02 a
A4 iH Peanut oil  20.9740.02 ¢ 0.7720.03a  0.99+0.05a 4.82+0.02a 14.24+0.00a 0.9620.02b 2.52+0.03a 1.64+0.04 ¢ 0.28+0.02 a

i A et B o
S i z:séﬂb] l})«t@ z&éﬂk] ﬁu@ W[ a] Tﬁﬂdf}f By 23l ﬂgaﬁc[g,hﬁ];a ziﬁﬁgh
0Oil type Chrysene enzol b enzol k] Benzoapyrene ibenz( a,h] Indeno(1,2,3- enzo[ g,h.i] e

’ fluoranthene fluoranthene anthracene - perylene Total PAHs

c¢,d) pyrene

CK ND ND ND 1. 68+0. 01 0.31+0.02 ND 0.33+0.01 ¢ 19.46+0.02 e
A Palm oil 1.55+0.02 b 0.18+0.02b  0.29+0.03 ab ND ND ND 0.39+0.04 b 33.44+0.30 d
K Soybean oil  1.43+0.02 ¢ 0.22+0.01 b 0.29+0.03 ab ND ND ND 0.38+0.03 b 44.99+0. 10 ¢
K Rapeseed oil — 2.10£0.02 a 0.27+0.04a  0.31+0.02 a ND ND ND 0.48+0.02 a 48.43+0.10 b
AE4:3H Peanut oil 2.07+0.02a  0.29+0.03a  0.34+0.03 a ND ND ND 0.42+0.03 b 50.30+0.04 a

1 :ND KR ARA 5 RIS R NG PRk b #0225 1 3 (P<0. 05)

Note:ND stands for not detected ; different lowercase letters in the same column indicates significant differences between treatments ( P<0. 05)
2.4 ZRAAXMGEMTIRAZIRFTREMBIZM 4 F, A B0 G AR R b5 iR i v /), (B A5 8 T
PRI A B h Z 07T 2 A Bt S AR TR A R A, e A A AR R, A T B 2 R
(160+2) CHA T AIRRRM 0 AT R % e SRS R PR, i A E iU 05 o I IR T T R 2050
FeamZ MO a LA 16 M WE TRk e MRy &, 6, WTRE K M iz, 52 1 IR RO , D8 g 1l N
HI% 6 IR, 20 B % JE B rh 205 e Bd i CK AR BT, ik B2 2 3005 A iU — A F 22 3R, AT R
EHM, 43500 33.44.30. 19.35. 84 we/ke, WK R I AR T 2HOFRAVAEN. VERIBL A ZIR0T R AR SR a] B
71.84% 55. 14% 84. 17%; A I [a ] BB & w43 W2 0.39, &34y g dnem, JR B AT R KR i 2 e v ok £ 58 42 R I8 A il
0.40.0. 47 pe/kg, B A I35 18. 18% 21. 21% 42. 42%, v, IS T 205 IR I, Ta) BhIRLEE AL 00 ek 1
HYR BT FERBREbE(Spg/ke) o BURBLIAZIRTTIRE ZIT7RHEAA .
e TR B AT R A KT RE T AR [ R
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Table 6 Content of polycyclic aromatic hydrocarbons in squid treated by different cooking methods pg/kg
] 5o % # sl o AHIE
Treatments Naphthalene conaph- Acenaphthene  Fluorene Phenanthrene ~ Anthracene  Fluoranthene Pyrene onz[ a
thylene anthracene
CK 5.42+0.0l e 0.18+0.01 b ND ND 1.3420.02 ¢ 1.73+0.01 a 0.88+0.01 ¢ 7.59+0.01 a ND
T Fried 12.48£0.02d 0.29+0.01 ¢ 0.55+0.02a 3.22+0.02b 10.88+0.03 b 0.46x0.02b 1.85£0.03 ¢ 1.1120.05c¢ 0.19+0.03 a
J% Baked 11.79£0.01 ¢ 0.20+0.02b  0.55+0.02 a 2.63+0.03d 8.84+0.03d 0.32+0.03 e 1.80+0.01d 1.56+0.02d 0.15+0.03 b
JE Boiled 12.79+0.03 b 0.41£0.02d  0.80£0.02 ¢ 3.85+0.02 ¢ 11.20+0.05¢ 0.51+0.03d 1.90+0.01 b 1.58+0.03 d 0.20+0.03 a
TN TN sme oy . Efigf: BTN - -
(b7 Tk]weE —ATf[a,h] & . “[g,h, . . N
Jisil Jii 7‘1{1‘[ ][z_?u 7‘;];1‘[ J[kIJ Dﬂ:bﬁ[[a ]JJ [1’2’3_(1(”‘%1 ﬂgﬁ[{fa h@«ﬁb 21:34—_[‘11 % gﬂ‘)j)ﬁ:
Treatments Chrysene enzo enzo 1benzl a,4 Indeno( 1,2,3- onzoL g,1,1 Benzoapyrene et
fluoranthene fluoranthene anthracene - perylene Total PAHs
c,d) pyrene
CK ND ND ND 1.68+0.01 0.31+0.02 ND 0.33+0.01 a 19.46+0.02 e
A Fried 1.53:+0.04 b 0.20£0.03 b 0.29+0.02 a ND ND ND 0.39+0.01 ¢ 33.44+0.08 d
1% Baked 1.40+0.02 a  0.23+0.03 a 0.32+0.03 b ND ND ND 0.40+0.02 ¢ 30.19+0.4 ¢
¥ Boiled 1.58+0.03 ¢ 0.23+0.02 a 0.32+0.03 b ND ND ND 0.47+0.02 b 35.84+0.06 b

TE:ND FIRARK Y ; [FFIA R NG FRER 7R AR B ) 2 57 2% (P<0. 05)

Note ; ND stands for not detected ; different lowercase letters in the same column indicate significant differences between treatments( P<0. 05)

2.5 Ay mIdREhRSIETRERMZM K
G 8f £ B Xt ol £ 0 A AR R 22 RO IR A I SR AT SR
B R i 25 B S TE (160+2) C 4 43 IR R 2.3.4,
RIERIRE ih 23R 5 1 M L e 16 Rl L2 3R 5544
B SR AR IR T, B3R T AIAL 40t 2.3.4.5 min
L Sl f rh 23005 e SRR CK A 33 i (P<0. 05) ,
AyJE 31,1831, 43 34, 74 .39. 59 pg/kg, 1K 4 01 K
60. 23% .61. 51% .78. 52% 103. 44% ; %[ a | 1 o 5 43 ) S
0.34.0.36.0.39.0. 45 png/kg, B K 451K 3. 03% 9. 09% .
18. 18% ,36. 36% , H YA M 1k [ K FRGE B fE (5 pg/kg) o I
AbBEE N TR A IER 28 e PRI [a] @ i R LT

=W N=EN

i=0A
W

5 min

FEE RO/ SN B9 WA ST IERD I S D 9
I[BB8l s — 0 [, h ] B B
IFL1,2,3-cd JBOATE[ g, h, i JHEAERE S I R o Bt
SR8 £ e A R A R MDA P A DA
Btn B A ARG, 207 RN TS Yy, 1l
i Bz rp A D AR YT, BAEIN T ™ A i 2 3155 4
IR TR £ Rz v 3 I M5 A R s SRR« 8 £ B P S AT 90
G ARDTRR ALY ER RIS R A A
i L, FEZ8 et L R & TR T 23350 ™ o HE
HMNRBIZEE AT, B AR B0 R £ fin T i rp 2 3R 05 R i A
A TR

=24
W
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Table 7 PAHs content of squid after peeling wg/kg

i e %, e - s eSS

gonc:esjs‘ill?v time o Ac}szh- Je i A - I r ZJIS;E:TIE E‘i]
. °© Naphthalene P Acenaphthene Fluorene Phenanthrene ~ Anthracene  Fluoranthene Pyrene )
min thylene anthracene
0(CK) 5.42+0.01 e  0.18+0.01 ¢ ND ND 1.34+0.02 ¢ 1.73+0.01 a 0.88+0.01 ¢ 7.59+0.01 a ND
2 7.88£0.02d 0.29+0.01 b 0.88+0.02a 3.46+0.02b 11.48+0.03b 0.57x0.02b 2.10£0.03 ¢ 1.52£0.05¢  0.19+0.03 a
3 11.70+0.01 ¢ 0.30+0.02b 0.64+0.02 ¢ 2.72+0.03d 9.34+0.03d 0.22+0.03 e 2.05+0.01 d 1.36+0.02d  0.14+0.03 b
4 14.03+0.03 b  0.31+0.02b 0.65£0.02 ¢ 3.00£0.02c 9.89+0.05c¢ 0.29+0.03d 2.15+0.01 b 1.21+0.03e  0.20+0.03 a
5 14.63£0.03a  0.36£0.03a 0.72+0.03 b  3.82+0.03 a 12.96+0.02a 0.37£0.03c¢ 2.26+0.03a 1.78+0.02b  0.18+0.03 a
: o VA - EfiJf: . - S
; b |9 k]l — a,h ]l e ,h, TN s Vs
nB m O R Seitane M0 s . 2
rocessing time Chrysene Benzo[ b ] Benzo| k | Dibenz[ a,h] Tndeno(1,2,3- Benzo[ g,h,i] Benzoanvrene JENET
min oy fluoranthene fluoranthene anthracene ’ - perylene 0apy Total PAHs
c¢,d) pyrene

0(CK) ND ND ND 1. 68+0. 01 0.31+0.02 ND 0.33+0.01 ¢ 19.46+0.02 e
2 1.98+0.04 b 0.23+0.03a  0.24+0.02 ab ND ND ND 0.34+0.01 ¢ 31.18+0.08 d
3 2.17+0.02 a 0.20£0.03 a  0.24+0.03 ab ND ND ND 0.36+0.02 ¢ 31.43+0.04 ¢
4 2.12+0.03 a 0.22£0.02a  0.29+0.03 a ND ND ND 0.39+0.02 b 34.74+0.06 b
5 1.57+0.04 ¢ 0.21+0.01 a  0.27+0.02 a ND ND ND 0.45+0.03 a 39.59+0.05 a

T« ND FORAAMG Y 5 RPN [)NG RS- A B ) 22 57 1. 35 (P<0. 05)

Note :ND stands for not detected ;different lowercase letters in the same column indicate significant differences between treatments( P<0. 05)

2.6 ZRENMEGEMTIRFESRFTRERBZM %L
Bl £ il ] 29058 RIS 2% R P AL 7¢ M IR 1D
5 min J& , FHE(160+2) CAAF T G A=A i AL 3 min, 48
JEAG DA G 22 BR 5 R LU e 16 Ry L2 307 b & Wiy

Jil}

iy

S AERILA 8. thF 8 T A T I R AEK 552K
BEALSRALIE (R o2 TSNS 5 I a ) B A R4 T
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FHACIRH (C H) ki rh 28 20 JE O R [al 8y
EE AN, JEM S B R [a ] R RIF[ b ]2
BRI k2B S 2O s, % [a, h ] BB
[1,2,3—cd ] B AT [ g, h, i JFEBIRAG o 78 RMHAL P20 B
iz 2.3.4.5 min Il TJ5, 2 355 /& K& 4 ) 02 22. 01,
24.02.28.72.38. 35 pg/kg, 5 CK 4 1L, [ b T K 30. 28% .
28.17% 19.37% 5. 17% , H = 5 8 % (P<0.05) ; &3 [a ] 6
B AR 0.23.0.23.,0. 24.0. 32 pe/ke, 5 CK AL, [ 1
TRE 32.35% 41. 03% 45. 45% 69. 52% . ¥ F 5 B ih
MR faZe 2.3.4.5 min TG, 23055 1@ 685 Bl 25. 04
27.30.28.19.35. 56 pg/kg, 5 CK AL, [ 1 F % 20. 68% .
18.36% ,20. 86% \12. 63% , H 225 i 3 (P<0.05) ; 7K a ] 1
SR 0.33.0.35.0.37.0. 43 pe/kg, 5 CK A 1L, A 1
TR 2.94% .10. 26% .15.91% .59. 05% ,

FEIROE 5 R R 58 SROB 15 e A R T 8l R e R v
ZIIFRRIEE L, JU R AT [a | EERIE I, H5E SRME A B3
SR TR LR ISR . B I TR TR I, 72 23R
BEXT Z2 A5 H B A 8RB A B A AR T [a ] e 411

TSR AR I 18] AT TR, 52 SR i 2R P SE KK,
Pl TR BRGSE , A WIS e SR AL IR, 73 11 il
B , EMS A A A SRR R ) B A, 8 R
B0 AT R R TR T A Bt B e Tt e
AR L T BRI, ATTRD T 2RI A e SR
BORRGE , 78 BT B AT A i It i i A v 2 3005 2 Y
AL TENNT. 4.5 min B, AT REHRFEE SRR T T UM IR, 5
FOOR £01 P AR e, 400 22 B 05 R A SR AR (R B
AN AAE I, T [ a ] BB BRI AR BEAR, Forh SR A T GEA
ANT5 T s — A I 5E R I T 0 A R £ e, ) T 22 3R
TR AL B, TR T [ a ] eE R A G — 252 A AT LA
MR A [ a T2 705 1, IR P RL IR , e SROBHIREGE v , VA2 o
TEFRTAI AT [ a ] BE DA IR I8 7 T 45 7% o 6 T ) F)
KRS ) 22 3105 ) A2 O R B s a3, (5
XL a ] EEARIICR BE A IR 18] ) SE R TS A0 25 2
FIEEFC R T RETESR R TR AP, (EUR R Y e 2R
BT TR LR T BER T 70719 — IR &K, S SRR
REER, LT RO TEEI , X AT A AR E R 22—
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Table 8 Content of polycyclic aromatic hydrocarbons in each group of squid under different treatments we/ke
time,//imin Naphthalene thylene Acenaphthene Fluorene Phenanthrene  Anthracene  Fluoranthene Pyrene anthracene
2 A(CK) 11.68+0.02a 0.74+0.05a 1.08+0.03 a 3.03+0.02a 9.42+0.01a 0.4120.03a 1.72+0.03a 1.35£0.05a  0.19+0.04 a

B 7.18+0.01 ¢ 0.21+0.01 ¢ 0.43+x0.04 b 1.98+0.02b 7.31+0.02b 0.23+0.01 b 1.26+0.04 b 1.19+0.03b  0.22+0.03 a
C 11.37x0.01 b 0.30+0.03b 0.43x0.03b 1.80+0.04 ¢ 6.44+0.04 ¢ 0.18+0.03 ¢ 1.15£0.03 ¢ 1.14+0.03b  0.17+0.04 a
3 A(CK) 12.50£0.03 a 0.28+0.01 b 0.59+0.03 a 3.21+0.03 a 10.80+0.03 a 0.46+0.01 a 1.87+0.01 a 1.14+0.02b  0.19+0.04 a
B 11.4120.01 ¢ 0.34+0.03a 0.45+0.02 ¢ 1.88+0.01 ¢ 5.02+0.03 ¢ 0.23x0.03b 1.39£0.00b 1.02£0.03 ¢  0.20+0.03 a
C  11.55+0.02b 0.29+0.01 b 0.54+0.02b 2.22+0.02b 7.81x0.01 b 0.16+0.01 ¢ 1.30£0.02 ¢ 1.2420.0la  0.16+0.02 a
4 A(CK) 15.80+0.01 a 0.32+0.03b 0.60+0.03 a 3.02+0.01 a 9.81+0.03 a 0.44+0.03 a 1.87+0.03a 1.32+0.03a  0.18+0.04 a
B 13.5120.01 b 0.39+0.03a 0.59+0.03a 2.00£0.03 ¢ 7.27+0.02c¢ 0.20+0.02b 1.2120.03 ¢ 1.23:0.03b  0.19:0.02 a
C  11.76x0.03 ¢ 0.33+t0.03b  0.59+0.02a 2.30+0.04b 7.97+0.03b 0.24+0.03 b 1.43x0.02b 1.16£0.02¢  0.15+0.02 a
5 A(CK) 17.80+0.02a 0.83+0.02a 0.63x0.01 a 3.19+0.04 a 10.60+0.03 a 0.5120.02a 2.21+0.03a 1.73xt0.01 b  0.23:0.04 a
B 17.64+0.02 b 0.44:£0.01 b 0.61+0.02a 2.56x0.03 b 10.37+0.03 b 0.35+0.04 b 2.18+0.02a 1.63:0.02¢  0.19+0.04 a
C  14.40+0.01 ¢ 0.37£0.02 ¢ 0.58+0.03 ab 2.53+0.02b 9.17#0.03 ¢ 0.24+0.02 ¢  2.03+0.03b 2.74£0.03a  0.23+0.02 a
IR g ORI RN OB N bR g 2R
P.rocessi.ng Chryﬂiene Benzo[ b] Benzo[ k ] Dibenz[ a,h] In d’en’o (1.2 “5_ Benzo[ g,h,i] BT:IZOEL;}/TS;B S
time//min fluoranthene fluoranthene anthracene c,d)pyr’en’e perylene Total PAHs
2 A(CK) 1.18£0.03b  0.18+0.03a  0.25+0.01 a ND ND ND 0.34+0.03 a 31.57£0.25 a
B 1.34+0.02 a 0.16£0.02a  0.27+0.03 a ND ND ND 0.23+0.02 b 22.01+0.04 ¢
C 1.31+0.04 a 0.18£0.02a  0.23+0.03 a ND ND ND 0.33+0.01 a 25.04+0.06 b
3 A(CK) 1.55%0.02 a 0.18£0.02a  0.29+0.03 a ND ND ND 0.39+0.04 a 33.44+0.30 a
B 1.40£0.02 ¢ 0.20£0.02a  0.2620.02 a ND ND ND 0.23+0.04 b 24.02+0.03 ¢
C 1.27£0.02b  0.17x0.04 a  0.23+0.02 ab ND ND ND 0.35+0.02 a 27.30£0.05 b
4 A(CK) 1.37+0.03b  0.19¢0.01 a  0.26+0.02 a ND ND ND 0.44+0.01 a 35.62+0. 14 a
B 1.41+0.03b  0.23+0.03a  0.25+0.04 a ND ND ND 0.24+0.02 ¢ 28.72+0.05 b
C 1.47£0.01 a 0.17£0.02 ab  0.25+0.02 a ND ND ND 0.37+0.04 b 28.19+0.08 ¢
5 A(CK) 1.40+0.02 ¢ 0.23:0.04a  0.29+0.01 a ND ND ND 1.05+£0.02 a 40.70+0.27 a
B 1.60+0.03 b  0.18+0.02a  0.28+0.03 a ND ND ND 0.32+0.02 ¢ 38.35+£0.03 b
C 2.43+0.01 a 0.18£0.04a  0.22+0.02 b ND ND ND 0.43+0.03 b 35.56+0.04 ¢
‘?I:f(\[fﬁg%égﬁiﬂﬁﬁﬁ?ﬂ( CK) ;B AT ; C IR RS BRI 2 . RIFA [R)/INS BRI R — 0 T[] A [ b 38 ] 2 e i 3
<0.

Note: A represents the untreated control group( CK) ;B represents the experimental group of chitosan;C stands for experimental group of carboxymethyl chi-
tosan. Different lowercase letters in the same column indicate significant differences among different processing time( P<0.05)
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