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Fresh-keeping effects of steam-exploded pomelo peel on Penaeus vannamei

DI Zhen-Tao", WANG Yong-Yan”, MA Li, XU Yang-Cang’

(Tianjin University of Science and Technology, College of Marine and Environmental Sciences, Tianjin 300457, China)

ABSTRACT: Objective To explore the fresh-keeping effects of pomelo peel treated by steam explosion
technology on Penaeus vannamei. Methods The steam-exploded pomelo peels, the mixture of steam-exploded
pomelo peels and sodium alginate, and lactic acid bacteria were used to treat shrimp, respectively, and then stored at
4 °C, and the freshness index of shrimp during storage was tested. Results The freshness quality of shrimp treated
with the mixture of 1.6 Mpa steam-exploded pomelo peel and sodium alginate was the best, its sensory score was
always the highest, pH was always the lowest, and the total number of bacteria on the 6th day was 5.73 1g CFU/mL,
which did not exceed edible The standard, while the comparison group was inedible, the thiobarbituric acid reactive
substances (TBARS) on the 4th day was 1.33 mg/kg, total volatile base nitrogen (TVB-N) was 12.50 mg/100 g, and
the indicators are significantly better than the comparison. Conclusion The mixture of steam-exploded pomelo peel
and sodium alginate can effectively extend the shelf life of Penaeus vannamei in 4 °C storage environment.
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PR SRtk B BBEE T RMREERR, (A H T
PRAEF AR R R AL 22 3R B | DR 5T 2% i A — e
PRI, SRR IR A F fif 551) B Ay D i 5Tl Fr) A 5 A
Mi[Custrus grandis (L.) Osbeck]/2] 124345 T3 E 5 711
— RIS, Mh 2 ARSI 40%5), Al R IR EE,
BRI . AVFTERYIN &G T8 A . 2
M . ARSI Y B, BT RAABSRPUE . BUR
AL SR, Wl R TS M IR AT AL TR ALY, A%
DRI o ZE VIR A S A v i e A s g W T R i
P AR JFURL S8 R A H AR, 5 2 28 P R B AR vT LU
AR 1o T 0 T P B AN AR BB ) A 7 LR R
At B2 Xt 5 X AR A R AR o S A ok [ AR AU OV R B
TR RE RS 1] e 5 00T SR 5400 ) 14 F DT A B ER AT L e
ML RIS BT T, 0B 2% X R (4 B IS BT, AT XT L T
VR K AN LR A I DR EEEROR, DU IR R B E s . B
RO AE IR DR et R R A 2515 R

1 MR5ERE

1.1 #REIRF

B T M Custrus grandis (L.) Osbeck)(F<EET YN
KB TT); 875 e 58 U6 ER (Penaeus vannamei)(FFET i
WAL T )

RSP-6 FLFR MR (R T SR 5 /b 32 B S E);
BAPRCEAER, R R ARERAR); 4 RWH
CEARR, K s A iR A BR A A, 3R (BRI
). BRACEL HZ W (thibabituric acid, TBA)(ZMr4l) (K HEN 4
B AR A PR A R, SRR HTal, Kt KUk 2
FIBHAA R F), SA0ES . SALBIOMTEE, eIy KRB
AN, AN (AT 2, R BRIk Bt Ak 2R
T7); MR (AT, RETDGEEAAL LR, =
AL P, KA s TR AL TARA w); £ 1
T4 (ethylenediaminetetraacetic acid, EDTA) ., ¥iiAR . EA5(5
Mrag, Aese 1.

BEREERERE BEAKS.0e 4RE 1.5, &L
7.5g, Bilg 7.5 g, 7&K 500 mL, pH # & 7.0£0.2,

1.2 ¢ £
QBS-200B YAk 1 2506 & (4 RS s 18 A= W Re A

FRAF]); GC-MS-4000 S (2% 5% 5 U (3E El VARIAN
v )); Kjeltee TM8000 4> H BBl E AL (FH2Z FOSS 2 H]);
752N b4y 66 BE T (R AR R AR A R A D),
TGL-16M = 3 5 X ¥ R 250 HL GBI R A4 PR 2 7D);
DHP-9162 HL #AE R R F7AR (- i DA IR AT ); PHS-3C £
i pH (RSB, Rtx-5 MS (A43EH:(30 mx0.25 mm,
0.25 um, JbBAERHABRA R,

1.3 LI T5E

13,1 FAMAd R 69 %) &

eprteihfz, ved, VIRABURKT 1 om® IORRER, 7025
VIR IESR 51 0.8 1.4 1.6 MPa (251 FAbFRMIF 5 min'Y,
FRENRRIHE = 50 FRiCh 0.8EP., 1.4EP. 1.6EP.

132 &£ Gkt a g

a3 AXTUR SRS E IKIESE . AR (DS54 S g 78
0.8. 1.4, 1.6 MPa JE5RVSHRALFR AN R IR TE 10 R Ea N
(20+5) g BIXIEF [, 3224 0.8GP. 1.4GP. GP; Q)¥RIZEN
HNRA 5 g 1.6 Mpa PN FT 100 mL RN (%) IR &1
WA, 3 min A 3% LSRR B AL, iCh SP; (3)
Vet HA P TARCR A9 RSP-6 FLERTA, S He FIMESE I ik,
W e e 58 (U FH AN 0L T 1 10° BoRgak e
LR ARG 30 min 028 LP, 825 %R, 84 BP,
AR SRS FL B4, (41) °CURFRI
1.3.3  BL A AR

¥4 )2 P9 Bt (volatile organic compounds, VOCs)>K
ToUs [ AH 2 B 415 BT 1% 5 (gas: chromatography-mass
spectrometry, GS-MS)I5E .

{3 441 Rix-5 MS {B384E(30 mx0.25 mm, 0.25 pm).
FEFTHE: WIHIRIRE 40 °CE4F 3 min, UL 4 °C/min JI &
150 °C, {445 1 min, L) 8 °C/min F+Z 250 °C, {#4F 6 min,
PERECTIRE 250 °C, ZMike: 5:1 (V:0); #/X: He; 4iJE:
99.99%; # i 1 mL/min;

TGS MR 280 °C; B srres: &1t
BT BER A 220 °C; HHE 72 full scan; 3 Y5
43~500 m/z!'Y,

1.3.4 BB SRR A

SRR Iy T R, S A2 55
WASER | HTEE T, BOPBIE. — Bk gk T
24 PN — BTt 18 43 DL Bl 2 i

*1 EEIFMNFK
Table 1 Sensory evaluation form

E]l bR WA B RR/Y
P BESF, dFFERAE, ST 9
- BT Bk, IRSERHASEK, PG TCIE R 8
BT S IR e B, A Te s e it 6
P BT AR AR, A S 5EIb 3




2450 S sl i = %13 3%
=18
#5 TSR A IR/
KRB, IFAEGE TG ICE, k5 e R 0
. BETE G, SRR BUREE, k5 b 8
P BT BB, Sk 5 B AR 6
R0 52 2 A, S 5 B4 B 3
BRI AT OB, T f] Sk 9
U AT A0, W AT S 8
ik
TR, [ YR A 6
SREBECR, AAT — P EPA HE M 3

1.3.5 pH®M &

ZHR BALTI % ik s Ve Rk sl B3 g IR P2k
25T 50 mL B, A 27 mL E WA HI 7818k Y
BT, M -1 pH.

1.3.6 fmE &40 e

Z: 18 GB 4789.2—2016€ &b L E R brE &S HE
YR IG A TR ASE) TE B S E ik, LS g
RPN 45 mL 0.85% K A4 b /K, 5T 20 min f5 ]
JSCHEAT VR A B AR S AR R, JBGE FURR BRI AE AL 0.1 mL
TEFRBIRRFEH b, (34+1) °CHE 3% 48 h J5it4k.

1.3.7 TBARS &&=

B 5 g IFA, A 45 mL =58 2ZMR(7.5%, & 0.1%
EDTA), 74¥k% 30 min, B 5 mL L35W, MABCE
ZBRVE(0.02 mol/L) 5 mL iRA], WKV 40 min, ¥HIE
HIRJE 8503000 t/min, 15 min, 4 °C), W FHK 5 mL,
A 5 mL EHRS EHE S, FHEIM-EsE
TEWAE 532 nm A1 600 nm &b I SEAE AU, (1)
_ /16502):132‘6 x 100 W
(1), TBARS (thiobarbituric acid reactive substances)f&
A 2 R S L AP R i, LA 100 g 1 98 XTI ATL
PR R BT 35 A T I (C3HL00) I 2E e B3R

A
TBARS= (As3)

1.3.8 TVB-NA/&LRE

10 g BIBTIR A B0, WS 0.6 mol/L & 4R
IR E 40 mLiRA], g, BUEHIR, 28 Kjeltec TMS000
F AL E A e P28 B R M R 2 A (total
volatile basic nitrogen, TVB-N) 73 HE4 71 %€ .

1.4 HIEAIE

SEH Excel AbFEHE, SPSS25.0 AT B 2 25 A0 HT,
4 E B Origin 8.5 SE A%, #4414 Bk F NISTOS 1%
V] 27 5030 Ak P 2R e e 1 U — AR IE A RE T

2 FER5HH

FRIBALTE X BT 15 & M R B9 2 )

M 2 PR, ARNREEREE N 5 B A S
KBRS RS AR, (HEE RS, b D
CORIIVERES g e S ANRRVE Jiti)ias el NTH R ERO R a5
i T AR AN B (P<0.05), T35k, 1.6EP ZHAG IS 5 il
TEAH I Z RGBT 5T, QBRmE | 5-F IR | (-)-p-
TR . QRS ATBPERIILL bk sel) sy HAT M B4 AL
TIREMS . A P T A 2 TR ) 5 S X R 5B )
AT I 1% 2 2 ()T, DAY I 00 Ak 5 B LA B i ok B PR,
HL A Bz B RCR A T T B

2.1

#z2 TEEBZFHREMEETEZELMEIRN=3, LEE>70)
Table 2 Main volatile substances in pomelo peel under different pressure conditions (n=3, suitability>70)
RN 0.8EP 1.4EP 1.6EP ThF B
D-FriElf 56.91+1.42° 52.82+1.26° 32.74+1.53° 57.3140.94%
GEEE 5 19.48+1.90¢ 23.15+0.82° 11.53+0.8° 30.39+1.82°
o-JR MG 0.28+0.09" 0.20+0.10° 0.36+0.06° 1.54+0.22°
& 0.65+0.14" 1.00+0.24% 0.33+0.07¢ 1.45+0.45°
T iEs 0.93+0.22° 1.16x0.17* 0.48+0.14° 1.11£0.30*
o-FATH 6.96+0.26" 6.94+0.09" 6.81£1.02° 0.13+0.10°
2 e i 0.47+0.21b° 0.82+0.32° 3.3140.15° 0.0620.06°
A-FERAN 0.63+0.09" 1.67+0.19a 0.89+0.14° 0.50+0.08¢
e 0.13+0.12¢ 0.83+0.04° 8.0620.19* 0




2 8 1 B2, 5 YRR X R 28 ORI i (R R 2451
=28
R R 0.8EP 1.4EP 1.6EP ¥ K
5- FP Ik g 1 0.05+0.06° 1.16£0.11° 11.51£0.93a 0
(-)-p-TR 1.35+0.13" 0.74+0.16° 0.22+0.09° 0
g 0.1+0.05° 0.05+0.04° 1.32+1.69° 0
T 0 0 2.88+0.22° 0

TE: AT BN R/ NE 5B 225 5 (P<0.05), 3% 3 [l

2.2 N[ELRIGEIR AR X 7 3£ B X HR A R B LR

B 1 A S o] 5 3 e A TR 6 Al Bz %o i 9 11 ) B I
B . pH MR SE R . KL 1 Al LA Bl T
I a] 4 SE K, TR PR3 | pHFIAN B R ) W i
&, {HAbPRZE AR AR R /N T IR ZH.(P<0.05). [ 1A
%56 d, BP IR EIFrFEE 18 LIF, FEM A REH . %
Al . BASHI R, AR A ek, HUSCE R
INHATHZI5) GP 4. 1.4GP 4. 0.8GP ZHIF4343 51N
21.5, 20.5. 19.75, BARANHIE, AT IR DI RERS LA
TP FE R 295 AXTIT AR T R . 16 1B, TRUE BIAb R
pH BT 25 AZH(BP), H GP 41 pH ffik. & 1C H, BP

25 6 d AR BEGAT] 6.25 1g CFU/mL, #id 7% 1
A& ¥R (6 1Ig CFU/ML)PY, GP 44, 1.4GP 4. 0.8GP
HANTE M E BN 5,75, 5.82. 5.84 1g CFU/mL, #ET
6 lg CFU/mL, 15 HBH A1 Ry 10 %) 20 181 A AT — e 7
ER . 25 LTk, GP %) e 35 %I 5 5T 14 PR 7 RUOR e
I, HKJE 1.4GP 4], 0.8GP 413 Rk, FEIIRM M i
2 Bt 56 P74 R 1 B 7R A, A T T S B AR I R PR
HAT P PO LA S A0 M A i Ve R 2, sk
&P RN AT LA S — i 5 70 ok B PR I B T
FEH B A Y A K23 GP dH T RS PR SRR A
FEMIRIT A .

281 8.0
26| 78}
K 2AUT 76}
@22t 74+
R0t g S72f
# 18} —=BP :E 7.0F

—~-GP “e.

16+ — (1)48185 \\{c 6.8 |
‘L T 6.6.L

= 1 1 " L = L " N i L N L )

0 2 4 6 8 0 2 4 6 0 2 4 6 8 10 12

il /d A IE]/d i Ta/d

WA EPESY; B.pH; C. B EEL, TR 2[A, BP(ES X ); GP (1.6 JEHRITERA K2 AL FH2H ); 1.4GP (1.4 JE58 Al iz 4b P 2H ); 0.8GP

(0.8 FESRVIRA K AL PR, Pk EAF/ING FRARERR RGN A &3 125 57 (P<0.05), TH 2. 4. 5[,
1 4 °CITE T A [ R 3 4 M Al A 42 B %) g S5 1 6T W A4 66 FE AR (n=3)

Fig.1
2.3 A RELEF AT FE X BT R EEIR
23.1 BEEISHR

(DEEETES; . pH RN B A A2 1k

Bl 2 BRI, BEAE IR (A B AE K, BOE S pH A
AT RSB IE WOs T RRE, AL PRSI S48 . B 2A
H, TEHT 6 d, BP AUREMERE R 18 4, MR CH0A
WA AL GP 41PESr 22.5, SR A M (1

AKERAR; SPALEr 23, AT SO Lk, SMULERBL AT

LP U4y 22, (HAFTRISMIEB—R . B 3 el s
TBATE I AXTER AN IS, B 3ACE 0 d BP)IXTHF ABifef
SHIREA 7, TR, &3 Hdth 4 3K R 522 ML, S0
LRI R R, (A E 3B 6 d SPYRIXTHFA

Freshness index of Penaeus vannamei treated with steam-exploded pomelo peel at different pressures stored at 4 °C (n=3)

AR LIRS FR AT B 2B H, BP 40 GP. LP
21 pH 7EI T 6 d BAT B Ek2 5(P<0.05), 1 SP 45
BP 4H— BEAF1E 525 F(P<0.05), pH IR4 4%, € 2C 1, BP
LANTH RBAESS 6 d B il & FIARIE(6 1g CFU/mL)2Y, AbF
LH AT BB 5.75 1g CFU/mL Zi Ay, YR M5l & An e,
Hrh SP 4H AR, H5.73 g CFU/mL, 745 8 d, GP I SP
AL PRZH AN SRS ANE] 6 1g CFU/mL LA E, SEH AT 3R i
VAR5 FLARNE BRI AT A A T 2 RE A 10 1 40 B 1Y
ST, 5 ABBASVALI 2P I RELL A L B AR X AR AR EE,
PR AT . LP 45 TS bR A4 T BP, (HEVE 45
AT GP. SP 4, Hij 4 d BEAK pH F1 4 d J5 300 2 BEEI0H
KAHOERTEET . 25 LR, VR 51 s el 1 ik 2 O g
BRI, LRV R, LR BRI AR 55
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Fig.2 Freshness index of Penaeus vannamei stored in different ways at 4 °C (n=3)

A 25 0dBP;B. 55 6dSP;C. %5 6d GP; D. % 6 d LP;
E. % 6 d BP,
P34 eCIA [ XAk B g 56 1 X6 MR 0
Fig.3 Appearance of Penaeus vannamei stored in different
ways at 4 °C

(2)TBARS % #AE1L

FE I 6 30 1) 7 55 1 X S ) — 26 A ) K o F 2 i A2 T
IR, T LA L0 B T 42 T R S A S R Y
SR AT LA KRG 35 I X HR BT B R . B 4 R, 55 2d4
TR 25 50 b T B A4k, LA B ANkt B2 AT 6
MR (P<0.05), Hirf SP 4 ETHIRE e/ BER IR
(B #E K., BP £ F bk, GP A SP 4HMAXT %18, Hirp SP 4
TERT 4 d Ih AR, 55 2. 4d 2090 1,10, 1.33 mg/ke, it
B YRR Al Bz AN 5 i R N T B P B AR VAR 2 BB RS il e
FIXHIRfE 2 1 A AL . LP 21RT 4 d _FFHEcH T REA FLIR
HIFRAT S0, 4 d J5 GP F1 LP ZH¥%A B35 25 5(P>0.05),
Ui LP dth— @ RIE%E THENi%A k. 25 8 d SP 41
TBARS {HA FTREAR, ATRESE i TIN5 I i S5 8 A
T I G A 7 400 A B o DT 7 A LA g 20 5 — T
TBARS A7 1k i o B8 4R B EsF (] (0 4B 4 3 K, (HAR S
I KRR AR R, AT RE R R 35 XTI B SR
107 LA, X 55 AR 4 PRSI S Xt B il ST DAY B 0 5 ) 4
FR—3

(3)TVB-N {H 1751k

TVB-N  FH 2K [ 572 76 1 P9 6 A el A 9 A/ L 2R
APS, — A R TVB-N AL 15 mg/100 g h—%%,
15~20 mg/100 g i —Z%, 20~30 mg/100 g Ky =4S [ 5 K
e 4 d B as A A BEZE A TVB-N {H, W LI H BP
ZH1%) TVB-N {HN 1620 mg/100 g, T4 —REEFEFE,
GP. SP 41 TVB-N {4351 13.00. 12.50 mg/100 g, &fE—

KA EEFRFRIEFEIN . T LP 41 TVB-N {4 21.15 mg/100 g,
O g AR o U R R (GP 4 B 5 T R
BRI 2 (SP 240 BERS I/ TVB-N 77 A, B — R fif
ROR, T LR R I A 2 B BRI ] — L R I B Y A K
(FUAT BEAE IS B 18 A 7 2 PO I I R 36 2 — )

4
A El/d

Bl 4 4 °CIERUA Ry 204k B YRS 56 FGHEF TBARS i (n=3)
Fig.4 TBARS value of Penaeus vannamei stored in different ways
at 4 °C (n=3)
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Fig.5 TVB-N value of Penaeus vannamei stored in different ways
on the 4th day at 4 °C (n=3)
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R (1S5 T 1Y) B % R 2 e A 4 R M I, RRAE
P4 2 R0 J5 PT LAAE SR B AR K ™ b B B (R A . 3 3
BN, GP 411 SP 21 iy MW oAl X & ik B S A, X
SRR TRl B2 VR, X ) B A O AT VTR
FeA, GP AW EEEL YR N D-FrE

FAIEE . A MR, SP M R R Y RN D-ﬁ%)’«%\
AW . 2R, XILFRAE BP 4 A AR X BRI,
U VAR AT R 4 R 1 ) T R 88 8 B RTIRA N . 55
Oh, a-TR M . A-FERMGE SRR 2 Al R g 3 SP Al It kA
Y, {A7F BP 207 GP 4 AR AI 2], 7T BB MV L
T 5 TR N S S AL AT B B 45 5 0 B T S R AR SR, A E
TIiH Y R ST IMA BB . LP b B BRT 5 b
AW BTN . 2-FHE-5-H IR R | 2-Z O,

N-HEE L K Hm, o 2- Z,%Eﬁ#ﬂ&%ﬁﬂﬂv%%ﬁ@i
WYz —, {2 BP AP AIRANE], XATRES LP
M REGEFRE A —ERFR mﬁi’@i%‘?[”]fﬁﬁﬁtf‘ﬁ
I A X SR Y G A TR A M W R AR A I, R BN | 2-
B 2 i BE Y i B, RN e LP 4. GP 4L
SP AP RIGINE, WAATET BP b, AR W
5T TE R AL XS 2 ek 2 B Y JBIRT R) RS TS o, oK 2 TEAE SP 4
HRAR X SR/, O GP 41RT BP 41, i P s
7E BP APk Sl . 25 bRk, 3 Fhid 305 CRm Il 1
Xof SR S0 18] JU2 S 0 S5 47 A, 3R TTH 17 0 B B R i B
G R R Al Bz 5 S TR N ) 5245 U 2 ARG 3 1 0 R 9
Wit %, XA RE S HAW K BE J1 47, $2 T4 XT 0 b 5 B 2%
A Z —

®3 AREARLENREOMNITEZZELMEIRN=3, LEE>70)

Table 3 Main volatile organic compounds of Penaeus vannamei treated by different methods (n=3, suitability>70)

PR T BP GP SP LP
D-Fr M 0 14.95+1.23" 27.99+1.45° 0
A 0 0 1.12+0.1° 3.23+0.54"
o-JR M 0 0 0.52+0.12° 0
ERzR 0 3.130.35° 6.95+0.13" 0
A-FERM G 0 0 0.20£0.05° 0
T H M 1.72+0.39° 0 0 0
2,4- " HIE-1-PEla 0 0 0 1.21£0.48°
SE 0.42+0.15 0 0.21£0.08° 0
T 0 2.5240.39° 0 1.89+0.46"
PN S5 I 0.35+0.13* 0 0 0
T 3.31£0.32° 0 0 0
RIVAY.3 0 0.53+0.13° 0 0
KW 0.62+0.18% 0.48+0.18* 0.37+0.11° 0.75+0.16"
2R 0 0 0.11£0.07° 0
= 0 0.58+0.06° 0 0
+ Uk 0 0 0 1.85£0.25°
2-F- il 6.97+0.20° 0 4.15+0.24° 0
2- B 1.2340.3° 0 0.64+0.12° 0
2-F—F 0.67+0.11° 0 0.58+0.33* 0
IR 0.55+0.12° 0 0 14.96+1.58"
S 1.85+0.11° 0.95+0.13° 1.34+0.13° 0
oA 0 8.33+0.86° 1.39+0.34° 0
1-2FJf5-3-1% 0.390.08" 0 0.19+0.02° 0
(-)-4-Ti it i 0 0.70£0.21° 0.20+0.15° 0
2,4- LB -1 -1 0 0 0 0.91+0.22°




2454 b A T A A F13 &
= 3(8)
PER VY IB BP GP SP LP
2-2FECLBE 0 0 0 6.91+0.29°
ISR 0 0 0 1.65+0.67*
R T T 0 0.45+0.13° 0 0.68+0.27°
SRR PR TR 2-2, 3 O SR 0.50+0.24° 0 0 0
D-IFWEREN R R 0 0.55+0.17° 0.26+0.18° 1.01£0.12°
LRAT MR 0 0.13+0.09° 0 0
T TbeRR T e kbR 0 0 0 1.52+0.23°
LR 0.67+0.14° 0.37£0.22" 5.99:+0.34° 0
2-FHE-5-HERH IR 6.64+0.43" 0 0 10.85+2.84°
FRAR 0 0 0.720.17° 2.24+0.03"
=W 0.23+0.09° 0 0.060.04° 0
2,5- " HISLnk gk 4.75+0.58° 0 0.09+0.06° 0
N-H 52 0 0 0 6.70£1.43°
Z R b 0 0 0.26+0.19° 0
b 0.73+0.14* 0 0 0
T HbE 0 0 1.13£0.21° 1.20+0.44°
RN LLS 0 1.34+0.28" 0 0.74+0.35°
B 0.30£0.2° 2.000.83" 0 1.00+0.57"
12-IR5 7% 0.25+0.12° 0 0
% 0 3.01£0.28° 0 3.02+0.96*
RWIRSH 0 0 0 0.89+0.55°

3 Fi5iie

GC-MS Kl % Bl 1 K2 (1) FZAE R Y TN D-Aris
M. a-WNHEE . TR . o-JRIG . CRREMTERS, S8R
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