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Roast Duck Quality and Safety Characteristics Based on Green Manufacturing Technology

(National Center of Meat Quality and Safety Control, Synergetic Innovation Center of Food Safety and Nutrition,

Nanjing Agricultural University, Nanjing 210095, China)

Abstract: The green manufacturing technology of poultry can reduce or eliminate the formation of substances harmful to
human health and the environment by directed Maillard Reaction through the optimization of formulation, reaction medium,
equipment and thermal field. In this study, the emission of airborne particulate matters (PM, 5) during roast duck processing,
product sensory quality and the concentrations of harmful substances in roast duck skins were compared between traditional
technology and green manufacturing technology. The roast duck produced using green manufacturing technology had
brighter color and better texture after high-temperature sterilization, the residual amount of benz(a)pyrene and the total
amount of 12 heterocyclic aromatic amine residues were no more than 1 pg/kg, and the mean level of airborne particulate
matters from green manufacturing technology was less than 200 pug/m’. By contrast, the mean level of airborne particulate
matters from traditional technology was more than 2 000 pg/m’, and the maximum detectable amounts of benz(a)pyrene and
12 heterocyclic aromatic amines in traditionally processed roast duck were 4.25 and 49.95 pg/kg, respectively.
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L1 MRS

PRI NG, FE Rl TR R B iy, “db
TURERS” G A% 1000 g R AL, HAdE
IF TR TR R SR KR D T bRt X R T .

3,4-RIF AR HEML (2L >96%) £ [ESigma
AN 2-G -3 LR M IR (4,51 Ik (2-amino-3-
methylimidazo[4,5-f]quinoline, 1Q) . 2-Z(#%-3,8- 4
BRI 3 [4,5-A)EEWE IR (2-amino-3,8-dimethylimidazo[4,5-f]
quinoxalin, MelQx) . 2-%&3&-3,4- — FFRL IR (4,5-
Sk (2-amino-3,4-dimethylimidazo[4,5-f]quinoine,
MelQ) . 2-%(%:-3,4,8- = HI Bk M JF (4,511 W Wbk
(2-amino-3,4,8-trimethylimidazo[4,5-f]quinoxaline,
4,8-DiMelQx) . 2-%J:-3,7,8- = HI B WK Jf: [4,5-1] WE TR
Wk (2-amino-3,7,8-trimethylimidazo[4,5-f]quinoxaline,
7,8-DiMelQx) . 3-Z F-1,4- — W H-5H-NLIE I
[4,3-b]M5] % (3-amino-1,4-dimethyl-5H-pyrido[4,3-b]
indole, Trp-P-1) . 3-Z %-1-H H-5H-HEE I [4,3-
bW (3-amino-1-methyl-5H-pyrido[4,3-b]indole,
Trp-P-2) . 1-HZ-9H-MIE H:[4,3-5]1| Bk (1-methyl-
9H-pyrido[4,3-blindole, Harman) . 9H-MLIEf:[4,3-b]H|
W (9H-pyrido[4,3-blindole, Norharman) . 2-Z(J&-1-
FH - 6- 2K FE K I8 I [4,5-b] ML IE  (2-amino-1-methyl-6-
phenylimidazo[4,5-b]pyridine, PhIP) . 2-ZJ&-9H-HENE
JF[2,3-b]%| Wk (2-amino-9H-pyrido[2,3-b]indole, AaC)
2-% F-3- F BE-OH-MHE e JF:[2,3-5]15| % (2-amino-3-methyl-
9H-pyrido[2,3-b]indole, MeAaC) (¥l ifkdd)
JIn%E KToronto Research Chemicals/A#l; FAeki. —H
FTAR. HEE CEgkaiD EHETediand]; LI (&
D) FKEROEAH]; MR, BEEREL. UKEEER .
oK. EEAEN (o Hrald [ 24 1k 2 0 A PR
F]; AFEEER (proplysulfonic acid, PRS) [fl#HAE HUAE
(500 mg/3 mL) F[EVarian/A 7 ; Bond ElutC g[# A
RHFE (500 mg/3 mL) 9% [E SupelcoA ]
12 a5k

TH-150C % &t 8 KU BT BRI R e s (D

EPM, VIS KBS LT 4EDERE90 mm)  IPURILAX
RAMTUEAF]; XL104 7 RF MR EFER 2L

& (B fAMRAF; KQ-300DEM A JEEE:  Eil
AP AR A T, RE-S2AANEEZR KA Eifg
WAL 2E T, SBEQ-CRIOI2A[E AR HURE B &
ECNWAA; TA-XT2iB i  HESMSAAE;
C-LM3B AU H 2 UL A I B A b0 R RO i
AR /AE; Minolta CR200ZY i # =, 0 2% H A
Konica/A#); Waters 26955 = %0 A L 35X HPLC  (Tig %%

Waters 248945 #hH] WLl &5 . Waters2475 5 St Aa I 2% )
FEWaters/A 7] ;. Agilent 1290 Infinity 788 & 15 A €2
WHYUPLC (G1321B FLDAGIZR) & Agilent/A ]

HY-04BR g i H bl AU RIS U AR A TR A .
1.3 ik

1.3.1  FEELCREE

13,11 SN

PRSI E AR B AT (20 HAEL) iF
Ve, 4 CHEMFNEMIONES, Sl EMIF200 C
TS min, A JERHRG B AR Ay, TR E
250 CHERE L h/e A7 RIAT . WCARIASURE S 41250 “C 4% il i Bt
FEA A

P TS SR N TR ARRRE: R A% (20 R4
H) EVE, 4 CEM T 6 h. JRE6~8 h, SRIFKFR
S 7F 2 S 00 TE A B B 90 C UK T 45:15~20 min, 7R
M bk AR, B S R IE 2130 TN hEPET . ik
ARG R R 130 C N TR B AR < o

PM, B it R S48 FH Y A6 Hh O i K0S B V7 kL)
KRR (FEPML, SRFETIEISL) , E100 L/minifiig 4 1F T
WCER AR, A 40 U 0 FH BB 4T 4 E R 5 (B3
e EE (500 'C) ALFEFI24 hiEHE (20 C) fEIE
(50%) Ab3E) , BEASFEAEIRHT 618—2011 ¥k
25 PM, FIPM, s I E BB i) 41
1.3.1.2 JEHGRE &,

T I AL 5 B B A e IR K b R
VEIREMIRE Sy, RS0 Sy A J 1) %) G B 2 /6, 26 oy il 2K
W EEN “BRAENS” FEIRE S, SREmBERARHIER
906 153 0 200, 2% v R KT i R Dl 4 0 i et A 8 TS A ) A
Mo TSR i U 2 e S e B S VR N R S
.32 FESHT
1321  PM, &

ZHI 618—2011 (M IEZ S PM, FIPM, 11l & =
=YE) .

1322 34-ZKFESENE

3 )3 EUAS A1k 2 1 B 2 0, 2 v T KRR P2 vl ot
T “JbaiEm”  (R5AFB) « “BRAEM” (&S
D) R fliEE AN THER (%50 %3 1, HEH
S R R S R AT 3,4- R RS AN (5 g Cln
Al-1) NBRFFE M H (WA1-2) AREBEERD .
KHANY/T 1666—2008 (Al o 3,4- 75 3 1 3 R
kR KA AT vk, R Sk R B N R R RO
OB R . Bk . ZORBAX Eclipse Plus C okF
(2.1 mmX100 mm, 1.8 um) ; 6% fF: FHiR30 C;
WA ZfE-K (75:25, VIV) , ¥#i3%0.5 mL/min, it
FER10 pl; ZEIUR I K384 nm, KPP K406 nm. #x
AR HH BR >90.04 pg/kg.
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3 03 EUAS [R] 4 2k FD L 25 /6, 2 s T K R 12 b 3t
W “JbalEns” (m5AMB) . “HREEN” (FW'5
D) KEREHIER AN THED (451 %3 RN
BERE 12 BRI i A, A R IR IA A (R B A
%314

T T JASE W 4 R FH v O AE B v o HE A AR X
5.0 mg &M HAAshRAE M 73 s T HlEd, FeEss
50 mL, 75100 pg/mL&FhHAAsKIARENE 5. FIREL
SE B IR 5 Fh bR HE HA A s ifh 25 V1) s 240 20 Jig VR 4 b A T AR
W, I AR IEIQ. MeIQ. MeIQx. 4,8-DiMelQx.
7,8-DiMelQx A i FiFs 21 000, 500, 200. 100. 50.
20+ 10 ng/mL, Harman. Norharman. Trp-P-2. PhIP.
Trp-P-1. AaC. MeAaCHBEZE100. 50, 20, 10. 5.
2. 1ng/mL, PAESZARAERNZR.

FE i A B 2 B8 Gross!'? 5 ] BRI () T 9 5 W i
Bk, ik I TSK-gel ODS-80™F: (250 mm X
4.6 mm, Sum) . EREKM: FE ] mL/min, #EFEE
20 pL, FEHR30 C: RAH Itttk R: AN
B ~0.05 mol/LBES 2 - B FR 2% vl (pH 3.25) o B/
VEMFE R WL 1. 1Q. MelQ. MelIQx. 4,8-DiMelQx.
7,8-DiMel Qxit i 45 A1 o Pl 25 75263 nm ik K b Al ,
HoAHA As 7] 38 i 50F 98 kI #4 g AE kA, R IK
B K% N HarmanfINorharman, 300 nm/440 nm
(0~16.5 min) ; Trp-P-2. PhIPAITrp-P-2,
315 nm/410 nm (16.5~20.5 min) ; AaCFHMeAaC,
335 nm/410 nm (20.5~35 min)

£1 BERBERF
Table1l Gradient elution program
7 YA 'Y
5 f/min TBIARAFR 50 %
A B
0 5 95
25 45 55
35 5 95
1324  (EE

G ) 19 FROAN [R] 440 € P 0 2 00 2 v UK T 92 b it
e “IbstEns” (5 AFMB)  “REN” (S
D) K OHlESAM THER (%5L) , B3 DA
RG22 R FAEEA 30 22 A 5 AN R B 2 B
L¥ a* b{E, &R RIBENES UL, HERer
HfH.

1.32.5  JETOHS i A it 53 2 B

3 990 30 BUAS [ R AR 30 2 A 2R 4 vl K 102 AL
R “AERUENS”  (9FAFB) . “BRENST (R
D) REEHIEEAMN TSR (5L xRSk
EREAE . WELREE AN T g o G PR 20 530 B T AL AR s A 5

2 H GV EARI R R G AT 00T, BRI 43 5 H3 AN AR
xRS %2 e, &R A HE s kel b, %
(HECFME .

IS A AMZ B2 91 em X 1 em X 1 emfIIE 7k, #EARLE
I F (2920 C) E24h, 7R T RA B ECET
HZ TH 43 HT (texture profile analysis, TPA) €. Mit4%
e WA 4 mm/s, WHAEZE: 2 mm/s, WA
4 mm/s, JE4itk: 50%, BRAl: 5s, k71 Sg, TRk
P50, VR ILA4E )7 M BT I P AE#E91 cm X 1 em X 3 cm
RN PRI FE LR R S ot PRI B9 470 7
14 BRI S ST

SIS HAR R FHSAS 9.040 T H AT AT Gt b . W3
TR AR E KL B (Duncan’sf46) 7%, ik
FHxEsER.

2 ZR5H

2.1 NS A PM, SHEBURE DL

#2  EWMIESHPM,RERE (n=6)

Table2 Concentration of PM, ; in fumes of roast duck processing (n = 6)

T2 PM, i 9%/ (ug/m®)
RGBS I TS 2020.00+198.04"
SF SRR R I TS 156.00=44.23°

W FSIARNS FREORZERB#F (P <0.05). FE.

EGE e ks . WmIES M T 7 A TEE,
FoR W R RS e i AR B R A B PM, 555 2 0
P2 S IR BT pT e R A S TIRGI T R e
Xof JE R TR X3 R P T G o, R S )R R S R
FSOLKE . NOGKEE. BRI W) FE 2 3,4- 2K IR EE I
FESAFAEABIRBLE, b 2 3,4- 25 B e s A
BIREEN13 ng/m’. BRI E"SROE, BT 5 B A R
(FIPM, s U R [ 2R 58 2 A< R Ao — PR (35 pg/m™)
BT 58 N, B R EIAF2 050 pg/m’. ARSI
ff BRSO RS Chn TR FE250 CH Fgg i) i R
TR E130 'C) o HlnT20 RgEms, HghRing?
FE7is s RS B e W Jin TS P PML, 5 F- 38 R R B N
2 020 pg/m’, R E IR 82 S AR R
(75 pg/m’) 25.9 £, &k lis SR I TS FPM,
S HEROT B R B AN 156 pg/m?, A AL SN Ty KK
toz—. WHERER, SafEE A DT B
T ANER R I 0 T 3 Re L b g G i T AR
PM, s [IAE A&, AT B ARG BR 35 1) i 55
22 34-ZEIFTEKEIGE

M3 E,  “dbRiEns” AL B “HRAUENS” DI
53T R RE S I B3, 4- R EEAETE, Himf sl “db
FHEES T ARES, K EON4.25 pglkg. A5 S AN [HRG R
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Table3 Concentration of benzo(a)pyrene in roast duck skins

Al B =] UTTE=N A 1] EL
% G || 5% g || %0 G || %% Gag
Al-l 0.88 BI-1 - DI-1 0.19 LI-1 -
Al-2 0.75 B1-2 - DI-2 0.14 L1-2 -
A2l - B2-1 1.69 D2-1 - L2-1 -
A2 - B2-2 0.14 D22 - L2-2 -
A3l 425 B3-1 - D3-1 038 L3-1 -
A3-2 1.3 B3-2 — D3-2 0.26 L3-2 —

i — Rt N

55 B 5 ROV P % 43 ol e R VARG WU e A i
CAERENS” Hh34- 2K A B4 B 90.38F10.21 pglkes
W 50 v S M 5 40 o ' BE VR A R A R R b
TGRS R R o3 4RI, A5 R OR3,4-FIF
HEN0.16~1.30 pg/kg: Lin Guofang %™ i F A M (il
PRI B O TR bR MY B v 342K F B i
EEON8.7 ng/kg, EWT34-FEIF A EANTL pe/ke,
5 D1 925 R R FEL 068 0 I D 06 S A g RN PR R 34K O
AR/ T L png/kgs W SCARSE M F AR £ v AR
190 “C 46 F S AR S v o o IS G Rz o 3,4- 2K I B B 1A
6.83 png/kg. TR R RE RS AN T 07 0 22 3 B0k
SAFAEZESE . GB/T 5009.27—2003 (26 3F (a)
(R 5 ) 7 322K F 96 43 D6 6 BEVE A H U bE B3k 2R 47 43
M, BRVE AR S8, HERREMR, TR TENRat bt
FURIFRT, FTEREMBEAY HBOR, JEAUH RTINS,
T B0 LUV I F BT LA 1) 9SG BE AL, DR G AR S50 A
NY/T 1666—2008 ([l ffil] /it o 3,4- 28 JF B8 i 850 AH i
) HEATRLI .

2 G2 (¥n 07 20N IR R e o 19 7 6 8 on T 3ot A
ST HERIRZ M Z 05 RED . WS REH, B
s G R AN T AR, 7T DA 0 77 v 2 31 05
BRI T RS fa s .

23 12 PR ARIRRL S R I Ah R

F4 EmEEP12 HRIEER

Table4 Concentrations of HAAs in roast duck skins
ng/kg
e 1Q MelQx  48-DiMelQx Norharman ~ Harman ~ TrpP2  PhIP AC  EE
ClEEETA - 28R — SR SRELT - 127R0% - 1682
Bt I — 13620500 673E120° 3BELIT 1090260 — - B
CREEETD 1094200 —  60ELT6 144E49 TLAE198 LA6H035 AE06 078018 4995
‘gL - - = 0QE0IF 0312005 — - - 0%

AL il ity £ B8 O R R A R A G I R SR AN S B
SR T A gy I LT 2 A IR R ]

Forp DUBG R R R RN 1) O R B R R 2, B IR
s BT ERAG, PR 4R R  Bh 2EORT A A R
£, Solyakova5 & LK J5 X 5 vh 2% 2R i 1) 5 B A
18.1~26.5 ng/g. ABXRZEPNE T Hexs fe . By iz o Fh
eI E B HIN13.81. 65.33 ng/kg, KM LK
W6 <3R43 5 NIQ. 4,8-DiMelQx. Norharman.
Harman. Trp-P-2. PhIP. Liao Guozhou%s"*Mgi F A [
T 7 300 T g AL RS I 16 Fh 4% BR R AR R, 200 °C
AT 9% B J% S i A 42 B T Norharman. Harman.
Trp-P-2. Trp-P-1. AaC. MeAaC6 Fh 4«3 Iz, ME
96.82 pg/kg. Pais%#E275 ‘C. 25 minft#E 5 1Y
i A R BIMelQx AIPhIP, %% )5 KIPhIP & & ik 5
37.5 ng/kg. HIFRATH, 250 CHRS KN 4 5 1 11
CHRERS” DGR A 7 R AR ERRE, 4y NTQ.
4,8-DiMelQx. Norharman. Harman. Trp-P-2. PhIP.
AaC, HETEIE49.95 ngkg, “AbaUERS” AFAGINE] T
Norharman. Harman. MelQx5PhIP; “JbnifEHg” B
EAFAETrp-P-2; 1 &3 B il 3 i T2 115 15X 477 Norharman
FAHarman 2 FliZ< 3%, 21X °H0.93 png/ke.

PRIl ity R 2 IR T B S B A AT, B N R R
AR T R R, R R R S s R
FTF, MeIQx. PhIP. 4,8-DiMelQx %5 ik 4 ¥ it —
M BT 100~200 C N TR, 2RIk 4 34 i
Trp-P-2. AaCE— R T 5 il IR . A SLIG A 7t
45 O b S 0 ) 38 A 1) 1 0 UG G R e 12 o 2 B frg 5k B o
KA, HEREMN LGN THEARBREENIL 22—,
2 B B AN T35 R T s D Z BRI TR o
24 WYRBZOFEHT

RS FEmnsRp

Table 5 Skin color of roast duck
Eiz2.21 L*E a*fE bl
“AERTEEm” A 36.81+0.64° 9.76+0.66" 15.8941.08°
bRt B 41.43+1.43° 12.96+1.39° 23.8942.35"
CPRSEIST D 34.9742.50° 13.33+0.87" 19.85+2.81"
COREETSY L 44224157 12.16+1.74* 25.67+2.74°

0 Y B 2 S PR P VLR B, BRI Y
WH ML E BRR, LRGMMEERER —. @
o ZE A AT I E L E AR S R, BUE BN R IR Y
PRI . FHR ST, SR AR I T RS R
LHEEERTEHSEER “baiEg” 5 <R mn”
(P<0.05) » a*{H 2Rt E i m ot i,
SFL /0 T B 0 1Rl ) S £ (0 R . B i AR T
MBS R B e H 5 E K FRESAHER “dbrEn” A
(P<0.05 , 5 “JbniE1g” B “BRSUETN” DREH
a I ERAREZE (P>0.05) , £r5 “JbpEn” B
BRSNS DR A AT A AR Ea* . b*E
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T P8 7 B 0 0 T [ o U A L, RO U B e B
t, SEGNEN TRESRES “dbiEng” BR KM
bEHERAEE (P>0.05) , 5 “JbrEm” A <%
AEENS” DREFIbMEZEREE (P<0.05) . FiRgEHE
KU, EHEM TEN R KEEHAS <At
M7 G AR, SRR E,  “AbREn” A
5 BRSNS DRGSR 2. LR g Ry, 4
NG HEAR I TR ERS ORRE T A& SR iE N, H
PR ST, REREIR ST 2 .

2.5 JB G i A 54 A

®6  FEMPRATEE, HRESHIIISER

Table 6 Hardness, chewiness and shear force of roast duck breast
FE A4 TR % /g NELVE P 5PN
“JbatkEds” A 508.49+42.85  117.83+5.07° 7.90+0.50°
“IERtEM” B 659.19+47.55°  158.224+10.57° 8.361+0.49°
CERIERS” D 896.21+154.60° 223.66+14.49 11.09+0.49°
“OEEETS” L 1658.98+97.45"  490.89+60.52° 19.14+1.93"

8 77 20 AE 7= 1R 065 05 22 v Ui K B e SR B T AR s
RIS G, SRR ZE . WE S M2 A S
R E B SR, R A S 56 3 5 A 5 L R g e A B
Y13 29 45 10 5t 5P VA 48 A S 3 A AR [ n T 7 52 7= 4
S S B 22 5. RO R4, AR 4Rk iR oK T 4
BRI TR MR R . MR T AL
5« (P<0.05) o “dbniERgT AL “dbit
RS ” BY “PRAENS” D IAVRE . H O 2 R
(P<<0.05) , FLAHFEES5 MMM P o 1 5 oA
FE R IR R K S P 2 A A IR R AR K, M
A DAt PR S L PR S ek/S, X TTRE S AR AR . M
J7 A ) A g R 1 52 R I SR I N K. BY ) M
SFE AT IR,  “aEns” LEY) ) RE ST <Ibais
g B RS EEI” D O(P<<0.05) 5 “AbRUEETE” AR
BEIYI HMELRFEER (P>0.05) , HEZFMKT “B<
EHS” D (P<0.05) o HULATLAE W, Slis s AR
TS 4 iR K JG R EL “Ab ks ms 7 <R
7 OB, JRRRE T RAFRIEME M, AR BT
gum 1.7 Nl f R o

3 5 ®

926 11 2, 1) 32 5 AN T HE S AR S PML, P 38 R Tk
R /NTF200 pg/m®, AEFERIEMSAEFEL R, &
e K B i G RTS8 B OR R LU B SRR R, 3,4-2R I 1
B BE 512 Rl A2 3R R B R T 1 pg/kg. R 40HE 1SN
15 PM, s F H4 HE R 29k FE 32 000 pg/m’, £ 4045
53,4- 2R I EE 7k B i d A HE B 4,25 pg/kg, 12 PR IR L
BB B A e Gt B 49.95 ng/kge AR EE T IS

N, il KB 5 (K7 b 5 2 A T 4% Gen 107 20
1 (07 i, A e AR R SR, RIS A i T
RO R, G AR T .
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