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Abstract BTP and LTP at various concentrations were used in sauced ducks. The physicochemical indexes were tested
and sensory indexes were evaluated. The effects of BTP and LTP on the quality of sauced ducks were investigated using
the fuzzy comprehensive evaluation. The influence of BTP and LTP on shelf-life of sauced ducks was estimated by
Arrhenius empirical formula.lt was found that BTP and LTP both exhibited more potential activity of reducing lipid
oxidation and rancidity than nitrite during the storage of sauced ducks, and BTP showed better color—protecting effect
than LTP. The combination of BTP and LTP exhibited stronger preserving effects than each individual and nitrite. The
optimum formula was determined to be a mixture of 0.19%¢ BTP and 0.19% LTP by fuzzy synthetic evaluation. The shelf life
(40°C, 50% relative humidity) of sauced ducks produced under the optimum formula was 22 days, which was extended for
5 days compared with that of the control group. Based on Arrhenius experience formula, the shelf life (20°C, 50% relative
humidity) was calculated to be 88 days, which was extended for 20 days compared with that of the control group.
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evaluation

BB TS272.572

SCERFRIRAG A

X B R S:1673-6044(2016)04-0021-07
DOI: 10.3969/).issn.1673-6044.2016.04.007

* BSWA . “WILETERHAEES AR TRE T E WP &K (2012)149 B); HEK B AR 54 (31501474) ; #iT
H HARBE R4 (LY15C200007),

#x AW, 20,1992 F A, BT RERF L WAERWHR A .

whx [RENZE BTNER , E-mail : youytu@zju.edu.cn.
W8 B #3.2016-09-15



2 £ RTE

2016 SE55 4
12 A AR

EWEREAESH ML, RARED. K1
EEEAMREG AR, FELSRBER. HE
MUK ERES . A TEWERRSF
H.OKGEER, EMI. . s5%. #HEd
BAR S RERREATBERER. E~E5%AH
FEINTH, EHRARERERAEREK™MH
WY, EEXFRTEEMAOBRENK, &
RBRAEE, ENXEHENHREZRRK, BN
REEEZE, DEARE FIEAF . BEAML
BRRNTMERHRENERTE, BEANXE
FRANGMA EZERUESR™Y, HE2HER
B Z B EEE . AR SITEARIR T EXHE B
(TBHQ) #HnZ# 1 Hldh @ % S5 ERM TR ;
HMREMEMRES CRATEXH &S, 8%
@, WE. Ak, WEXERMEREEM, |
ERFHENTME, RARREMBUBEM,
FE— S R A X P AR A SRREER . BT,
KRR, e, BF. SUBE VR &N
RIETT 1M, B1EE TS AR &P R AB D,
TP R AR i ) A 8 50 %o 9 0 o S U 8 o B LA
HEE XL,

ARCRBRAKXMIIRS, LIILERIE
HMEBRUSYEBREANE RN —RRREY
BHER, IRRR. RARXMRBR. 4FKE6
RWPLEATE B, BB R RA R
(DPPH) M HmZE, MENEKFRHORAE

HERR, EREAFRFESEEES (DL &

b, EEAMEME. HRL. HIME. BLES
EMAEYEEDIRE. A, AFBRBEEHER
Ao, RRIFVEBMEAT. BHAKER
TER R RBMARAE RGP 6, ki, BERAeE
FZEHCR, ERMITIVEAT WL HER .
RRVE R Z B e M AR TP IR AR LR 2 5 000
UL L, BHEAEERA, XEEEA HES
SRR B FAL R BRI VE R NS 20% , 7R S
KEMREIINER RIFHIN TR

HAT X TARORMIBA RSB AR R
it i B B 5T S FRAR 2D o AR SGE 2L 7 43 A B4 38
PRAURE TR ARG B, A BRI B VR
RAFKEER ., BEEEXEZHUAHENE SR T
XFE RS R BEACR, R mEE AR R A
Arthenius 24 B AR 4481 . EAAFR, LR
RO MR — R RAR RO TIREE R

1 MRS IT%
11w

JRIEHRZH, S8 90%, WM LR
EYIRE AR F .

AFKEBER, FERSFILEER. HE. %
HE. RLE, FBE, EF5E451H0 16.92% .
0.39%. 10.59%. 38.19%. 12.00%, BLMIE-FiE
YRR ERAF .

Y, BN TRERHI A RAH .

1.2 FEk
1.2.1 #HSREE T

KRB AR 2 B A2 25 6 B AR g (R ¢
F, ik 14 HikE, 3R PR, HP BT
(D AEEMEmF, EEXE (H2) A
FREERY (ERHBRELAINE R 0.015%) . LB KA
FKREESEBHTIRE, BAYRKSHMETED
ECRtEhrm P OiE, ZEHTRHFXT,

F1 WHRW ARG

. aARER PEH RSB WAHERER
% % %
1 0.000 0.000 0.000
2 0.000 0.000 0.015
3 0.050 0.000 0.000
4 0.100 0.000 0.000
5 0.150 0.000 0.000
6 0.200 0.000 0.000
7 0.000 0.050 0.000
8 0.000 0.100 0.000
9 0.000 0.150 0.000
10 0.000 0.200 0.000
11 0.025 0.025 0.000
12 0.050 0.050 0.000
13 0.075 0.075 0.000
14 0.100 0.100 0.000

1.2.2  HIRLFAR I E

1.2.2.1 fEpiEENE
FRKFRE

1.2.2.2 BRHHNE
[ENHEEBEE.
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1224 WHABKZE (TBARs) HIE

¥ 5 g BMALKRE, MA25mL20%=82
B (TCA) #120mL#aliK, 513 60s, ##E 1h,
2 000 r/min B.[» 10 min J5i3 38 LiE, EBARIEK
EAZE 50mL, B 2 mL BIiRUEM S 2 mL 0.02 mol/L
#) TBA ARG B FH/KEH, KM 20 min 5%
#1 5 min, 7E 532 nm LB B R BB R, A
STHR . # 20%TCA ¥R 25 mL E&F] 50 mL, B2
mL FFTRE . FREMSREH: 8 1,1,3,3- WRER
%t (TEP) HOR¥EHN, EH—RFIKERIH ZBAR
R, T 532 nm ABOREL RISRHERZ .
1.2.2.5 BENE

BUGHE YRR R 5, B ZE 50 mm B
mH, R E A ERSEXETIE,
WWRLE. aEMbE, BRIMNEEREHEH
B, BEEWEIR, HESHERREBEAEE.
123 REIFH

KAEWERR, BRIENMAR G100 #
REVEERN 12 h AARRIAEE, AREEHFER
ZRBHERY; YEE—HERE, BAEKEKO,
B FF%&fF 10 min, FIFF—/MEER; B3R 10 A%
STSERURE VR, R 2 FIEMARETEE A Y
B (3% A-E5A%F, HPET C ZBHERARA
R 6D o

#®2 WNRETEMIRAE

- A B C D E
FH | RHE, (LBHE, —8, @FEE| EE,
10043 | 804 60 43 404 20 41)

HA | HBE

DIEEE

YIERH,

VIH g

PREORSHE

EAEAREEA
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WET
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HFR | ERAE
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1.2.4 HBMISEGIRITIEEE

2 B S FH AR 255 DA i 3 % 4 S 1S B B
R . BE M EREITERIES, RIEMA
R 77 AR B3R

wEREE Ul={ul, u2, u3, ud}, U2={u5,
ub, u7, u8lo HH Ul RARFMERFTHE R

HEELIEFR, 50%; U2 BRIFMERPHE—
RHEBEREEIF, 50%, Ul HE_REENul
REBY, 25%; w2 Tond EALE, 25%; u3 R
TBARs {E, 25%; ud FREE, 25%; U2 HE—
REREN uS BREAH, 20%; w6 BRBE, 30%;
w7 BREFK, 20%; u8 BN, 30%, iz K
M (A, V) #THEHHE—k,

FERS AL IR PR S RAPHEINR 3 BTN o
1.2.5 #0085 B AR R SR B

WAL E T BRI B 25 g T, HE
7£40 °C. HIHEE (RH) 50%HERIER TEMA
RIR 35 d, &7 dEBUE LR, RS KERY.
SEE, FHTREFY, BLKIEA Arhenius
ZIGN TN 40 CHRAMT H2 28 5 i B4 R T e iy
FESTE 20 CE&MAT MR,
1.2.6 RS

RIEEE G 7t SPSS19.0 344,

2 RS0

21 AEBRAMELRRAOKE
2.1.1 ESHEIEIIRM SR

AHRE LT EPEER Y. T EL{E . TBARs
HEMEEEERNRPAREM LR, Fhake
. BBUEREHAFHEE S AN EBNMIE
ARSI . B IEIRRME RINE 4 7
o AFKEE. BENRZBHAREL ST
BB ERRCEMMBRY . SHIE. TBARs fH,
RAAMEE RIFHFRM AT SR, B
FRHMEN B EREY (P<0.05) ; LBHLIZMAE
GV M 25 22 By PR IR BR A A0 AL (H B MR,
TiBEVA 25 LB %% TBARs MR R FEE
WEEF (P<0.05) ; AR ERAER D ERMENH S
BEME (P<0.05), 5% T h &5 [ B L0
AR, MBBHREMITHRR; —ERRFEH
BEEER BRI M AL RUR . XRER IR IF e
B

®3 HHELIBRITHIRE

Z 5 A (10043 B (80 4)) C (6043) D (4043 E (204
gy (LUBERT)  (KOH) /mg-g? < 1.50 1.51~1.60 1.61~1.70 1.71~1.80 >1.80
STEAE g kgt (LUEHID /mg-g? < 23.00 23.01~25.00 25.01~27.00 27.01~29.00 >29.00

TBARSs {& /mg-kg™ < 0.90 0.91~1.20 1.21~1.50 1.51~1.80 >1.80
BEMBAE 0.00~2.00 2.01~2.50 2.51~3.50 3.51~4.50 >4.50
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®4 BWBLERRWER

] Ry SEALME | TBARs{E | fE(E
mg/g gke mgkg AE
1 1.974 35.60 A 2294 4.05*
2 1.924 34.00° 201° 2.76¢
3 1.71°® 28.60° 1.70 1.74F
4 1.61 ™ 25.10F | 1217 1.99 ¥
5 1.59F 2380F | 1.13% | 2.14%%
6 1.507 2270 | 099 | 260®
7 1.67 %@ 2540™ | 147° 419* |
8 1.63 24.10% | 1.21F 4344
9 1.56 23.00 | 0.99 350° |
10 148 ° 2230" 0.79" 4.04%
11 1.69 26.20° 1.65°¢ 2.05F
12 1.62 ™ 2530™ | 133%™ 1.80F
13 1.58F 23807 | 091" | 233
14 1.56 2290" | 0.83® | 243
. FAFIARTFERAAEREE (P<0.05; B
Beid EALE IR

2,12 EESRRETEMLER
BRE TN R R BN 5 R R B WA Tk
FRABBREFE/NEANGN 10 A, BREIEM 14
ARG, BEEBELRBRERENERE (RS W@
KSR, PMAKER. RESEEZBHAFHE
REMIANEBALASR., F. K. #k4 1
FHEHABEESRWRERKR, BREERSH
HEEEFENRBEARD, 7 AZWRERHBL
X0, X52.1.1 FAERMER .
®5 HWAEREEERITHER

RS HHA (ERES R RS
i 1@,2,3,2,1)0,2,5,2,1)! 0,3,4,2,1)| 0,3,4,3,0)
2 1(3.4,2,1,0{2,3,2,3,0){(0,3,3,3,1){ 0,3,5,1,1)
3 1(3,3,2,2,0(2,2,4,2,0)|(1,5,3,1,0)|(1,3,5,1,0)
4 12,3,3,2,0)|(3,4,3,0,0)(2,5,3,0,0)|(2,3,4,1,0)
5 |4,4,1,1,0(@2.,2,5,1,0)((3,2,5.0,0)|(2,3,4,1,0)
6 |3,3,3,1,0)/(2,3,4,1,0)|4,3,3,0,0)|(3,3,4,0,0)
7 1@2.,2,4,2,0)](0,2,5,3,0)|(0,4,4,2,0)|(2,2,3.,3,0)
8 1(3,5,2,0,0)(0,2,4,4,0)(2,3,3,2,0)|(3,3.3,1,0)
9 (3,3,2,2,0]0,2,4,3,1)|3,3,3,1,0)| 3,3.4,0,0)
10 12,3,3,2,0)0,3,3,4,0)| 4.3,3,0,0)|(3.5,2,0,0)
11 |@,4,2,0,0)|2,5,1,2,0)/(3,2,5.0,0)|(2,3.4,1,0)
12 |(3.,3,3,1,0)(2,4,2,2,0)((2,4,3,1,0)|(2,4,2,2,0)
13 12,3,3,2,0012,3,5,0,0)((2,5,3,0,0)|2,5,3,0,0)
14 |(3,4,3,0,0)|(4,4,2,0,0)|4,3,3,0,0)|(3,3,4,0,0)

2.1.3 &S5RI A SR e TR
ABFFE R BRI o R 45 R AT

G, GRIMEK 6 Fin. KM, Hina

KEEMBEBERZHNEEE ERDEWLHE
b, BRELURGEES, BRERME T HM:XE T
HEREL; ARCERNNRBE LR TIEEEZE
B, —EEERMFEA, GEERSSKRAESE
45, HHMRMETREE L MEERWER, 2280
R4 SHJRENESERAESFY IR, £
BH01%XBEM01%EBEERLHERGHAR
BAERMAERE, SHENBEMRE S, &
. BABEMBREENESIKIRIER T 28.38
4. 50.00 431 16.67 43
*k6 BEUERGERRESHS

Lo | GRER | BidEen | BEmRGS
5 a4 5
1 49.00 30.00 63.33
2 54.12 40.00 63.33
3 70.00 70.00 70.00
4 77.42 80.00 72.73
5 76.00 80.00 73.33
6 76.36 80.00 76.00
7 62.67 50.00 70.00
8 68.00 60.00 70.00
9 69.41 80.00 66.15
10 70.00 70.00 70.00
11 66.67 60.00 70.00
12 72.73 80.00 71.11
13 71.67 80.00 70.00
14 82.50 90.00 80.00

22 EUWREUHRREEBRN

DUEAEN (0.1%FKEEM01%BEHERE
BY) AN FIRE X RRA TR AR TSR, #
o BRI AL B AL BRI (40 C. 50%RH) ,
A3 A% S A T R T B B BR A o AR (E B BUE
A5 4k, TR Arrhenius 220 3% FII0 5 95 3 T A5 Wi
SM RS, FRREREITESTRIELE.
22.1 Bt

1 40 °C, 50%RH {HBEBY#MAHT, SR
6 d M EHMMBRM, H2E SEh IR ENFH
FAPEST A #E I MBRM AL, Wl 1 fix,
ME 1185, 14 d GRS RAEN KRN ITHR
BEHRTEAR A HENNRY, BEWELEH
#HHE., ERTENHRYN (KOH) <1.6 mgg,
B 3 BE 2 RS BR MY 7E 55 3 FAIBY R 2.16 mg/g,
HERRE, TIREGHFLABRMTES 4 ANA
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ARE, % LR EEFRENRE S0 LT EBREHRAL | 2

2.63 mg/g, Wit ERIRHEMRERE,
s -

0 7 14 21 28 35 42
FKH 1d

—— — XA, W —HAWAA

B BAExREhE ARy AKSRNELE

. BRAEASHENBAEREEE (P0.05);
HABMFTFARCENEBREREME S 0.1%,

fE 40 C. 50%RH &4 T, % 2 S EBRY
S BB HE AT ENA IS B BANREREIR B A
In (AV) =0.030 9x — 0.297 9, R%*= 0.967 6; W&
AR ALEE TR In(AV) =0.029 5%
-0.4135, R*=0.990 5. ERIRHEF I EE AT
KB RBRUEN 1.6 mgeg, HWZERALR2H
BT EREMERLRES, BRAEBEK
WEPER17d, BEM T EMMITEIEN 224,
Eext FREHS A RBER T 5 do
222 EMTEMELT

£ 40 C. 50%RH EREBHTEMAET, &
R 6 d ME&EMMTEILE, BREARTAEY
AT RA R o EEN BB, WE 2
FRR, 2 ke B S E PR [ B e, 25
4 FREPEEH, RSB AT EEA SR
RIER] 3 FMBEMTHAMENBA, Eirh &
B3 E AL R <25.00 g/kg, T XT B 40 %98 & 5
SACEAESE 3 Rt 35.60 gkg, BE#EidERRHE;
REEIT AT E RSB FESE 4 RIET R 35.00 g/ke,
Mt E R

TE 40 °C, 50%RH &4, # 2 ARS8k
EXTBEF T A AR RANE BB A
In(AV) = 0.054 6x - 0.451 3, R2=0.9637; MEE
e BN In (AV) = 0.036 4x — 0.326 2,
R*=0.962 1, EZrEFHEES RFERET
FALIE R 25.00 ghkg, HHARA LR 2 ANEITFRE
A ER MRS RE S, X HEAEEKN
WK 174, EERFHEMMERE R 224,
HIRRE NS MR IR T 5 do

AEAE fe-g”
voWw A
T

[ory

(=3

0 7 14 21 28 35 42
R id
—— —AtEXRE; & —EGEATE
B2 BENREMESRFEFLTHLEELE
E: *RRLBEASHENEAZRBE (P0.05);

EERTPARGRNBEEREHE S 0.1%,

223 HEMBRE AT

7E 40 C. 50%RH BRIV BMAMGT, BF6d
SHEMSRE M, SR0E 3R, BHE 3 A,
B AW EEKRE RS R TR RA
e xR B AESS 3 ARES N 554, &TF
A TR R4 60 4y, RPN BARMAS 3 AR
RESFHRERT, FFURKENRIL T 214 &
AT EAENREIEHESE 5 R FHRET
60 4, RAE ST EMHKRERST 354

90

0 7 14 21 28 35 42
¥ N

- — MR, - —HAWAE

M3 i RENE SRy AESHEETNETLE

o RAAEASHERMEAEREE (P0.05);
BATy PUKEEMIBEEEZBME & 0.1%.
224 HGHARHATIM

KRB . o EAEFRE N LT,
£ 40 C. 50%RH &4 T, STEAEBMESE
FHEMWEERI NN 17dF 224, BHE
Arrhenius 2/ 3T E T H, £ 40 CE&4 T
IR 1 d WHREFMENERT 20 CHRE4 T
4d, #FE20 C. 50%RH &84T, XA %MK
HEBN68d, A2MA, SELFRERBEHT;
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BEAMyAFAEMNAM KRR N 88 d, HXTEAEMN
WRERHIFEK 20 d.

3 3 i’

E S A REM T EIRY, %5
EEEHREBMEBHEL, ERERTHRE, B
ICIF & BB 5 32 5 8 B9 im0 98 & R R e B R
BAEEEE L. M FALABRNTHEMLTME
B, RAREFEMLZLEH, HEBR AL
il BRI AR R A

REBEN—FMRAVBLEAN, HLEk
BENBRTTEAREHNER (BHA) . 2, 6- T
H-4- BEEE (BHT) . VoM Ve, IR, &
W, BHN. IANRERREE, FFRERY,
AFERPHRBERNEAEEEAE LB TILE
B, MEAHREZHTRTREMERRAES
B E. HEAEEKRNER, aXaEME
BHEREEMIENIRBRTEATMRENES RIF
R AT EL, 1B B Al o D 3 o P ) S R A
HIHRE

R R PR R S BN E, S48
B R~ AE RS iR S H AL AR E , TBARs
B AW AE s RE BN AN
F—HBRHAYENEER, ZENEEREMIE
BYERRENEER. AETRA=ZZHR
H, FFTUARERANEEELERAZ,
BRFRAEESREWSWEXME, FEXNE
FERHEEMEW, 48508 0 E &R A
TEALE . TBARs [EMEEME, IELAFBEM
BVAMZ 2R B AR A IRTF LA
B, NEERIBHFNPEER., XI—XABRERS
B TEE S R —3

EEMNTEEY, 28 FENRESNEL
ARE S 2N EETEEEN, BRRERE,
M RBE L. UAEZRAR AN,
REEAR G #4024 B VRN FTE PR AL S AR Ok
SEOMERAR %, HEMTF, EIEMEIT
BEEREWNHRGEWE, TR R AR A
Wy, LUBAWEE, BRIEs ZNAER
S TEBFR . it — B2 AR R B 5 X
EH SR, AR RAEMITENE, BT
AL AUBRE MR, ITEAE BT 4B A

MIEEETESY, RIH 0.1%FK KM 0.1%05 % 1
REBHERLGENENSEBIER, KUK
T xRS B L R RIFRIBCEEA

A SCRF TR SRR E MR SR T R e Bk,
AR A TERRE BRI &G RBSEE, I
RGP M, HTEESEI “EH” e K
K H# . Amhenius AXAFHNEHTEZRE
ERmmAESENEE., BB PENEEER,
HERFmUEEZREEMERGER, S5
RKERY . FEMEMRE TN ITER,
F| A Arrthenius ZHAXEE H 0.1% K B KM
0.1% 8 P38 2 By B FCAL 3 i) B RS 4R 0 B & 4
K, RUZEFXEBH GO ERRERE RE
BIRCR
4 & %

ZAFAE M R AR AR (B, LRk
€. TBARs H. 82 AEfH) MBEERER (ELH.
B, BR. WK MO, RROKERHME
BEHEREMAEEBT AR YRE RIF R
B Fbi AR EALVER . BUR LT BE A X B AN
Rib, REENPEMRETIRIEERZE, M
“EERFERANTIEAMPASCREE, ER
BIVEMY, Rk AR A B R R BE B J7 O 0.1%405%
BEMO0I%EBEERZHNERL. RiRMERKL
BIRBRE, RESWITALEKEITE 40 C.
50%RH 54 T HIHR 280 22 d, X A ETS 1R
BHRTEK 5 d; HRIE Arrhenius £/ MW, ZE
AW ALEREILE 20 T, 50%RH & 4T HH%
RN 88 d, HUXTREAAIREK 20 d. XBFEGR
REP A RERMET —FMRXAERNTE, [
Aot oAt PR o A R R B LR R AF OB
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