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Effect of alginate pyrolysis product on the quality of
frozen white leg shrimp Penaeus vannamei
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ABSTRACT The sodium alginate pyrolysis products were obtained through H, O, oxidation.
The effect of the main component (HDX-A, molecular weight over 6 kDa) on the quality of
cryo-preserved peeled white leg shrimp Penaeus vannamei was studied. It was found that HDX-
A effectively prevented water and nutrition losses of the frozen white leg shrimp after being
marinated in 1% alginate pyrolysis solution. The effect improved with the increase of HDX-A
concentration and the marinating time. The cooking loss of the frozen white leg shrimp could be
obviously declined by lower than 20% by HDX-A. The cooking loss of the sample that marina-
ted in the 1. 5% HDX-A solution was about 15. 6% after being frozen for 120 days, which was
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significantly less than the control (P <C0.05). The rheological parameters such as break
strength and viscoelasticity of the frozen white leg shrimp were improved by HDX-A through
increasing the water holding capacity. HDX-A would be used as a replacement for phosphate
compound in frozen white leg shrimp for improving quality.

KEY WORDS Alginate pyrolysis product Frozen white leg shrimp Penaeus vannamei

Rheological parameters Non-phosphorus additive

R 36 FXTIR LR EE XS IR Penaeus vannamed) L4 [R5 6F 0, IR 238 5 8 5% F 8 55 00 2032 31 8] BRoxd 0F 572
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RAT AT PROK L EAT 06 ZERY LR AP o B 1k Ve i A v A9 8 S5 AN A A2 Ak DLORIIE 7 i 2248 U i 4T3 RE DR 450 50 s 1) i
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T 5T 32 A v 146 88 JI A0 A 10 4 2 24 0 T B S R AR P T 1 o 7T X6 46 95 R ) 28 A 0 KT K 7 i il RS W) 4 BF 5
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itf 3 R 58 A XTER 2010 4F 6 H W T B R LK ah i . 36 R 38 X R 3k L KRR R HEE 0 R
— R IF,

B542 B ABEIRER W A L KL & SIS IR BRA R, BZ A IR R = Rk k. W (2%
VSR EE 1 500 mPa « s, 75 5 W 7 g 380 PR /D o oAt I 158 W A 3500 24 5 43 2 1)

AL (TMS-PRO) , 3 [ Food Technology Corporation, USA ; #8 JE# (MSC050) , | 15 EE H Bl 25 M &
PR 7] 5 B K OF-(BS224S) , 1 8 98 22 I 3T I 40y 23 B 5 B0 ks BE 1 H (NDJ-5S) 1 7 B A 45 A FR A A

1.2 Fi&

1.2.1 BERMHLBHHILTEAZHE (KRG R  2003)

BUAE 8 TR AN V5 B 2 00 I I Bh 22 DA 12 ml/h (5 B I AR BE R 4. 5 26 HL O, o FZK I8 458 A 35 5 0 T
JE 60 CHEE .6 h J5 457 1k 52 ik 08 B3k 25 A< 224 ik 1) [ 1R S0, BRI W = T I 0 0 bk A7 T/ P B 25 3R BR 1 HL O,
CERI AT o BB WAL 6 kDa A8 I8 M . 15 73 T8 KT 6 kDa FI/NT 6 kDa Rf#Y A 73 2 VR TR 4 1.
1.2.2 BERMLEWA X E R 5

B9 20 08 BE TR B 24 4y 3 1. HDX-1: R 450 9 048 i TR 1 24 ff ¥ s HDX-A 43 T & KT 6kDa (1)
M R AN 24 s HDX-B. 4y F i /N T 6 kDa 11945 3 12 51 24 A 0 + 16548 58 192 00 240 4 T ) B 0. 5 %6 IR B T
BFE 0 CL UM AR BIRE AL ¢« 209 L4732 35 1h, B 15 min #4728 B4 B T 15 min J5 1
WAFRE . L 3% B542 NS th, BRI 6 A P47, BOF S84 . 40 A 45 B o0 1 12 i s 3 LT3 ik 2 BE Sk
(FHIBSE 2009,
1.2.3 WFA-MARE FRAAMEFE

il VR A5 2R 8 28 A0 R R 2 IR R 3 2 AF (2009) I T s
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JO7 7 K it S 98 32 P R AR A = 3 R R AT I . AR SE R SR AR O 3 mm B B AE R PR Sk e 4 O 40

mm/s, ¥R TE R R 20 %0, T S By g AR A Z0(1 000 @) . B g b it il 4 SR 2 K AT vk AT 43 Bt (Tso et
al. 1981) . WOR/INHATR PR EEAH S5 HL28 A [R] 5 1ot A B 2 200 R LR PR A1 8058 — 45 Dy Il

N DT S5 6 A7 D A S8 5 0L g s st S S AR T o 08 P DA 2R Sk CELAR Dy 3 ) AT AR T 3 6 O W it
LR — A IE(E . B — R B 6 Y B F 2R
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M SPSS 15. 0 G i A BRER A 47 S8 T 93 B » 45 5% LA S 39 £ A v 25 (Mean == SD) 7R L ok 7 24097
(ANOVA) #AT R,

2 #ZRE5iITR

2.1 ARG FEE R R XM H 200
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Fig.1 The variation of shrimp weight marinated by different

& 2 RbFREE 0. 5% HDX-A %58 5 5% i
Fig. 2 The effect of marinating time of 0.5%

fraction of alginate pyrolysis product
& Pyrolysis p HDX-A on shrimp weight

2.3 HDX-AERREMNZN

HDX-A M7 1 52 0] Bl 952 300 9 o 2 398 I i 44 in . 7 0. 5 HDX-A Rl it 1 h 42 @8R 115,
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T Z (R YRR 3 1038 38 ORI T RUE

2.4 HDX-A 3t #8M= & B S20

2.4.1 HDX-A xFb ik ¥F A= 8 % 45 & 04 % va

HDX-A X ¥ ZR IR R 28 i S dn &) 3 Fi7R o DAZRAR K2 Bt o % iR, O 55 Bo42 AbBRFEAT T Lt 48 A
AL 1 A b TR A ) i R AR S . TG R R A A R X BR2H L K B5A2 Ab B A L 7E f R 2 s H I S O O
P I EL 49 I 40 A o () A A0 A T 00 o A Ak 2L i R R SR R L R 10,830,120 dJE A R R 24550
8.33%.,10.53%.9.84% , XFHRZH 10 d J5 MR F 25 A 2. 53 %6, I i R JH B 1] 114 Z2E K 22 J8 434 Ain ( P<<0. 05,120 d
JEikE 12.5% ;B542 AbBRAGER{ VR 10.30.120 d J& « fif VR 4512 43 B R 2. 45003, 6400 .4. 08 %%, 5 X fRAH
.10 d B AR 25 AR & (P>>0. 05) , fH J5 ] i I T X4 R (P<<0. 01) . HDX-A 0] LUAT 8% b AR RE UR 47K 43, Bl
R 2898 VR AR E IS T BE DR 5 22 1 /K 43, I L B VR B 1 38 v A R B i . 0. 50 HIDX-AL (1 b 3 7 R 9 10 d
i VRIS RE AR FE 1. 52 Y0 A 38 SE RO L I LR IsF [ 1) 4B K IR AU 559 o 7E VR 30,120 d JF A 45 5. 48 %0.5. 2 6 i 34
RO 1 00 Wk AN PRAE R 10.30.120 d JE P BELRFE 3. 31%6.6. 78207 02 %6 By 3 TSR 5 1M 1. 506 ¥R B b
FHAE U RE AR 4. 23 90,7, 699 .8. 57 Y (¥ AR .
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RURIM R B BUR G RANE 4 PR . ARG AT o] kb BE A 1R 47 28 B B % B ol 7 5L 1T 30 d PN I ¥ 8 ) [ 2B
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SN FEZR RS B 2R 5120 d BF il TR B b R AR T TR 1R T R AR K A B R BT LABCE AR I . X IR ZH 78
IR B A T FRK 30d B KT 2020, SXFRRALAH HL . B542 AT LU 1AK% B 1 2k R (P<<0. 05) , %
Ji 120d ALK 17. 3100, &5 51 ANWF I8 — B, 2 TR b nl LLAT 25 3 Jn ™= 5 i) 5 % (Xiong et al.
1999;Zheng et al.  2001), 5% REAH L . HDX-A Al AT LU R0 BE AR VR AR 28 224025 . 0. 5 0 i kb B 10 d
Ja M ZE B AR AL 4. 92 %0 H Bl VR OEC IR (] 0 AE K, 28 E R R TE R N L 30d R IR RO 16. 4406,
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Fig. 3 The effect of HDX-A on defrozen loss Fig. 4 The effect of HDX-A on of cooking loss
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120d JG o 21002247 . 1. 5 0 A BRI B 5 28 28 40 2 Je IR, B AR 1 F8 A AR T 2020, 120 d BHAXH 15, 6 0 2247
AR T4 IR (P<<0. 05) . {H 5 B542 4bBRJC B 225 5 (P>>0. 05), i Shahidi 45 (1997) 438 . ¥ 59 WL & A &
WA 10 m] LA R0 /0 28 AR O CRORAR T R R v AR B IR #R A4 . Feng % (2002,2003a,2003b) iR i T
R Tl A 0 0T R i T A R R S T R R T T ) R R R R KM B T RS A O T R M R i D
JIAE G BT 3G 0 S . Zheng S8 (1999 BFSE T 1 16 1 X i) PR BRAR IR0 AR A 1 15 o 28O  (H L AT AR A7
(7K 3 DRAFRE T - W AT LATE P B 3R 1E AT Ca® ' B OR3P B
2.4.3 HDX-A 2tk IF 2R KX F ARG R
2.4.3. 1 HTEEERATR I AR SRR

AR 2 2R 8 S M R AR SRR DN 25 R L3R 1. TT A R R ARG BE AR KL iR 8] 97. 55X 10° Pa - s,
;IR ES (A 41,5 s, W 1A 2. 15 N UEBH LA ORGP e B 2 R R . — Rk U i T g 5
JEAEAE XTI G Z o P A5 S 5 AL PR v ) AR 8 A0 A DG S RN BRI RE 3 A 5t 5 AL PR b ORGP B a3 R 45 v AT TE L
KFREEREE 2010) , BFUF T HA F MR R S5 PR BRI 45 .

F1 FMEHETCHRTEHY
Tablel Rheological properties of fresh cooked shrimp

SRR (109 Pa) I 3 it B [ () KiBE (108 Pa + ) e Wy 73 (ND
4 Group Elastic modulus Stress relaxation time Cohesive modulus Break
E, E; Eo T T2 7 7 strength

fif R~

. 2.3540. 26 0.29%+0.09 2.6440.31 41.49+3.51 1. 6+0. 30 97.55410. 35 0.46+0.12 2.15+0. 37
Fresh shrimp

2.4.3.2 WM AR AE R AE VR R R P R AR Ak

F 2 FORAIR L FAE S VR 10 d 5 AR R A R . v IR A AR 2R R R AR (B 1 s B TSR B
PR R Rl A 3R 22 5 . R b BT b B i L0 7 b st BRF 18] <) FIORS BE o, S5 M1 10 I8 ) o v - (H 45 2
5 GEAF AR B B 25 5% o KRR Y 0 o VBT I -5 R AR BRAE i 59 45 Z8OE W R 22 5% (P>>0. 05) . 1
SPER R B, AT 30K 25 5 (P<C0. 05), 3% B542 ZbHE E, Al o, 5 XF K &b BA 55 K 25 5 (P<<0. 05) . Hofth 2 8%
M PEA B K2R (P=>0.05) . HDX-A ZEBEE EgFll « 5% BEA FR 28 5 (P<C0. 05) » 8 T 0 BECR 835,
Wi 3t JC W] i 2 5 (P=>0. 05), HDX-A AbFE5 3% B542 Kb <) o FIBE I S C W] B 22 57 P=>0.05), 1 E, 0
AR 225 (P<C0. 05) VR MR o Fb B R S 5 35 18 n (P<<0. 05) , T i W7 1 B 2 F B (P<<0. 05),

F2 HDX-AXMRFEMHCREFHFENFMA0D
Table 2 Rheological properties of frozen shrimp marinated by HDX-A (10 days)

SR AR # (10° Pa) J37 F3 A S R 1] () FiJE (100 Pa ) Wi 1 (ND
4 Group Elastic modulus Stress relaxation time Cohesive modulus Break
E, E, Eo T1 T2 n 2 strength

1 2.4140.03 0.40+0.02 2.81%0.21 28.6543.01 1.6140. 24 69.00415. 35 0.6440.12 1.6140. 21
2 3.057+0. 05 0.4040. 04 3.4540. 27 34.3644. 62 1.63%0. 31 104.88410.41 0.65+0.19  1.30=%0. 31
3 2.62+0.06 0.1440.01 2.76+0. 34 43.4848. 36 1.76+0. 22 113.754£20.01 0.254+0.07 1.17+£0.16
4 2.0740.04 0.1040.02 2.17+0.14 60.61+9.82  1.75%0.46  125.48+13.84 0.1840.09  1.2840.20
5 2.13£0.06 0.3040.03 2.4340.10 62.1246.97 1.67%0.62 132.314+15.45 0.5040.11 1.18%+0.23
6 2.40+0.03 0.2840.03 1.68+0.11 62.364+14.23 1.1940.43 149.66+15.61 0.34+0.08 1.05+0.18

3 AR AN A AL BRE A VR 30 dJE TR S AR PR SR . R 30 d L AN [ Ak B A A% W 1 o 2 B0 X T I
10 d BTk AL AL BE A URAZ S PE B o N AR S I ) ) ARG BE o, A5 J2 fe A TR s e d . AKIRIEHY
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FEA Y Eo voy oy BB 7 55 0K b BRAE 5 (9 45 S 802 53 135 (P<<0. 05) . 300 B542 b Bl o, FIE T g 15 508 B 7K b
AT 2 5 (P<<0. 05) , A B HON A B K27, HDX-A KB o @ T A 2R EARE Bl h 5
X IR AE 22 5 (P<20. 05) . HDX-A Zb¥E 5 3040 B542 AbFRH Ey vo o FEE B ) &8 TC W . 25 53 (P=>0. 05) ,

£ 3 HDX-A MR HEMCREZHFEMNIMGOD
Table 3 Rheological properties of frozen shrimp marinated by HDX-A (30 days)

B B (10° Pa) I3 30 il B ] Cs) KiBE(10° Pa » s) Wi 1 (N
20 Group Elastic modulus Stress relaxation time Cohesive modulus Break
E, E, E - o ’71 - strength

1 2.444+0. 21 0.114£0. 06 2.554+0. 34 38.61+9.12 0.61+0.12 94.94416. 03 0.2140.06 2.024+0. 14
2 3.45+0. 34 0.347+0.09 3.79+0.41 34.60+38. 39 1. 6940. 34 119.55+18.49 0.55+0.12 2.07+0.28
3 3.46+0. 38 0.34+0.10 3.80+0.43 43.47410. 14 1. 6440. 29 150.41423.08 0.55+0. 10 1.4740. 21
4 3.334+0. 46 0.144+0.08 3.47+0. 37 39.68+9.24 1.8340.19 132.12420.46 0.2540.09 1.9640. 20
5 3.61£0.42 0.1740.04 3.7840.28 37.0447.60 1.7940. 27 133.58+22.39 0.30+£0.08 1.8440.18
6 3.28+0.29 0.27+0.09 4.05+0. 31 42.53+38.16 1.7440.35 139.49+14.17 0.48+0.07 1.6740.17

R A RN [ A FEAE S UREC 120d 5 AR A RRPESS R . VRIEC 120 d S L S TR AR BE B 2% WP 2 2 BORT N T T
60 d A BT TR . AR 20 Ak 3 MR RT O A R W) A R 0 B T BB AR A & 4 (P<C0. 05) , KR
L BORE B Eo vt oo MHBEIRT I3 5 R AL BERE i 19 46 S 80O .35 22 5% (P>>0. 05) . 300 B542 &4 B2 #h Al HDX-
A b PSR T B 2 5 (P>>0.05), HDX-A 4b35 3% B542 Ab B o g FIRE T 0 #8500 0 & 22 5
(P>0.05) {04 HDX-A 4b# E, B g 5 F B542 4b B (P<C0. 05),

F* 4 HDX-A WA FMCHRETZHENZMA20 D
Table 4 Rheological properties of frozen shrimp marinated by HDX-A (120 days)

AR (105 Pa) 7 77 K 3 IS ] Cs) K BE (108 Pa » s) T 7 73 (ND
4 Group Elastic modulus Stress relaxation time Cohesive modulus Break
E, E, Eo T1 T2 n N2 strength

1 3.2340.24 0.3340.09 3.5640.43 39.89+5.87 1.63+0.34 126.55+26.34 0.53+£0.12  3.0740.35
2 3.337£0.23 0.3140.11 3.6470. 35 42.6446.22 1.53%0. 26 141.99424.81 0.48=+0.15  2.32%0.31
3 2.65+0. 31 0.240.07 2.85+0.41 50. 2546. 45 1.6740. 35 133.2+30. 14 0.34+0.09 1.9940. 38
4 3.7840.20 0.1740.08 3.9540. 38 30.96+7.40 1.86+0.41 117.154+20.73  0.32+0.14  2.25+0. 24
5 3.68+0.16 0.2940.09 3.9740. 25 40.3246. 33 1.65+0. 28 148.384+23.15 0.4840.11 2.21+0.35
6 3.63+0.22 0.174+0.08 3.80+0. 33 43.4847.45 1.7940. 24 157.76+33.65 0.30+0.13 1.8840. 33

3 itig

SRS S5 R TR R R K IR S A 35 A A 8 2R L ik R e A ™ R R R K T OB SR TR R
#IF R GBREA S M2 A6, 80U T AN, B R, 0 HDX-A AT DU 5 2535 v R AR
AW RE K BE T o 3l G i VRADT R o D DR ARG 2K A0 36 ) 8 R 401 2R o AT AR A 17 TR A3 SR IR AT i BT L 5 0 R 4
e 52 A WEIR R AU HEACR 3 (P<C0. 01) o Z8 A B8 Ok B PR ML AR AR 47 PE 5™ HE , A Bo42 52 5 i R £h b
BRAHAL . 37tk ) R Ak 0y R A A A P el /A i R A 2 Y D DR T R SR ) E 8 A R DR ) K T
[ isf 32 325 2L PR rh O 5 3 1 BORH AR TS0 T JUL P £ 4 8] ) 25 18] 08 5 22 ) K 23 DR $5 0 LY 45 4R 45K v . 53 4k
5 R E YA IR R A A Ca® (Mg 55 8 T8 MUBE I IREAT O o B8 M AN A BEL Lk 1 W B 1) 1A 988 7K 2 ) 26
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SR AR S P B [ A HE B G P IS 90 5 K 7 O 2R T RS U M B R T A o W i T e A R

Y & A 0T TR A B A ) A ol 2 A 5 S o T 30 L A0 JHL i T ) i B 7 i R LR AL A R R D o R
R S 0 A T RN IR B A 7 A T R R o A A R ) 2 B T ARG L PR AR AR L g R st e (]
RT3 o A Ak BB it Rl 2 A Al i g 2 (P<Z0. 05) o FL IR I 12 AT HC R i 8 oK 73 25 2 7™ B . B HE AR SR K b
PRRE R LA R AR A T A A W R R R HIDX- A A BRRE SR BE B AR AT BT B I (EL R AR B3 (P>0.05)
HDX-A & H Ko 180 20 nTRER I 1 WU L 4E 2 18] AR5 25 J7 . 55 SRS JEE 55 7K & 1 FaR H Bt 5 28 1
WA BRIKER . A [ b B SRy 3 % 2B 1 R AR AR I R A 8 PR A P 0 485 2R A — B RV K P = LA
WL R T BT AR S22 SRR/ » PR T A AR T 0 O X S R R R A A DA G . L R
FBR VR Ve 5 8 A A S K & R U OC (R 2408 2005) 0 WERPLP b i K 20 & B 8 , R (1 A 25
YK 22 B R VR R 1E) R 2 B e AR I VA B R R R R ME . HDX-ARE I 3 IR TR
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