5 33 B:5H 3 )
201743 A

00D & MACHINERY

Vol.33,No.3
Mar . 2017

DOI:10.13652/j.issn.1003 —5788.2017.03.023

REBHEEaMEaE RISITENMRELER

Study on the difference of Characteristic Biogenic Amines in Grass

and Silver Carp Fillets during cold Storage

T F FEN

WANG Xiu LI Zong-quan
oA F
CHEN Qi LI Xiang-hong

R VD F 27 T R A 7K A i C CARSOR BRI R Kvb

LIU Yong-le

TEME
WANG Jian-hui
TR o ’

WANG Fa-ziang

x| 7K AR

YU Jian
410114)

(Hunan Provincial Engineering Research Center for Food Processing of Aquatic Biotic Resources ,

Changsha University of Science and Technology, Changsha, Hunan 410114, China)

WE. LML o s NARIBR I ADRODES
WHAEABR LAY B ENEF ME>HT 4 CRRE
HTFHEsFsks f pHBEAHEEE L (TVB-N)  H % & &
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Abstract; In order to investigate the change of biogenic amines, and

the correlation between quality indices and characteristics of biogenic
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amines, the change of pH, TVB-N, TVC, sensory evaluation and
biogenic amines of grass carp and silver carp fillets during cold
storage at 4 °C were detected. The results showed that TVB-N and
TVC increased with the cold storage time; phenethylamine, putres-
cine, tyramine and the total biogenic amines of grass carp and silver
carp fillets changed obviously. All kinds of biogenic amines of grass
carp and silver carp fillets significantly changed at the 10" and 8"
day. Significant differences (P<C0.05) existed in putrescine and tyra-
mine of grass carp and silver carp fillets after corruption. The
contents of putrescine and tyramine in grass carp fillets and silver
carp fillets respectively were (23.39 4 0.40) mg/kg and (44.46 +
1.88) mg/kg, (25.01%1.85) mg/kg and (50.84 +1.50) mg/kg at
12" day. Correlation analysis showed that there was significant corre-
lation(P <C 0. 05) between phenylethylamine, putrescine, tyramine
and quality indices in grass crap fillets. Quality indices were signifi-
cantly correlated (P<C0.05) with phenylethylamine, putrescine, ca-
daverine, tyramine in silver crap fillets. Therefore, phenylethyla-
mine, putrescine, and tyramine could be used as the quality evalua-
tion indices of grass carp fillets. Moreover, the quality of sliver carp
fillets could be evaluated by phenylethylamine, putrescine, cadaver-
ine, tyramine. In addition, the critical value of tyramine and total bi-
ogenic amines in grass carp fillets and silver carp fillets during the
chilled storage respectively were similar, which could also be used as
the quality evaluation indicators of grass carp and silver carp fillets.

Keywords: Grass and Silver carp fillets; Cold storage; Characteristics

of biogenic amines; Correlation analysis; Difference
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FEE A BT RE H AR BB A T S R E A R RN WK
Wz R0 e T 5 A 3K 55 0 Sk o 2L T 51 0 A A M 2
RGBT MR e w0 45 A D B AR A TR IS T
T H At 2 W B B T RN ). W Taylor S L 25 BF 5 & 81
JB5 Ji ] A S 2 e R B RS I CHMUD) 305 M L P i ml i) —
A LT (DAO) FI 4 e B 5 5% % B CHMT) (9 £ A DA i BE 4%
20 e AE W 38 O A R A o R A s A W e 1 A AL B
B AL 45 BN 2 U M IR IS R 2 — , BWF 9T B
H T 77 5. 11 Chen Hwi-Chang 2500 BF 5% 48 W) DU 6 i 10
(Rastrelliger kanagurta) P4 I X HE AW T RES] £ &
TEVE R B & I A B, Y A e B B =>40 mg/100 g Al B
BOBAE R FF 5 Zare D S0V P58 £ W, AS [R) I 980 36 B T 2 400 4
(Rastrelliger kanagurta) " 41 ¥ | Ji§ e 7" T & 1k Bl 45 F7 G
P [va) S22 K AN DR 3 o, L U8 R, A 0 e ) R B
JE B s Rossi S 250 F 5 % W1, 68 Jig . 7 Jig A 41 Jig 7T DA AR A
WP HR 43 46 6 (Bigeye Tuna) 8% (Skipjack Tuna) Ji
WA TR . DL Ab €0 RS e | TR Wz . I e A IS T e 7 g
2 R A R B 2 A e e B L OB e+ ) e+ ) <
B M+ 7 e+ 2B e+ & i+ 0 i+ i+ OKG i + A
JHie) JX 100025 I 4 2 WA O 5T i 48 1 5 88, 1 k2 4R 8K
C B8 iz + 7 e+ 4 e ) = (1 SRS e+ K ) J<<1 Bl i
B Sy e 26 4 40 10 T R 6 AR 2 80T . HLIR K A8 FR 2R W e 1
WEFEA X EE D, 24 A W e 8 B0 O e + 7 ) <20 mg/kg 3%
JE e <<10 mg/kg B} B] VR Sy A ¥ 9 R A0 FY) b B A AR 54 °C
T T £ e R A R bR S 3 A 3G (P<C0.01) T
T ¥4 Ao it v 60 0, e TR o B O e 1) A8 Ak BH S, G wl A
Sy S #4  BRPEAR 10 2 5 AR

T B A R P T TR IR K fa 2 Y R R L
PR HR R 2R 37K 3 B i 5 A R R I 5 R 4 ok A T I 4
BB Rag RN e A R B fa A 48 0T e AR R R A
Ak kL. HEEIWMIEm L £ THE B
(TVO) HE R FER (TVB-N) = H i K {85 BCE W4
BLe T (R e W) W AR A A BB AE 2 ) e S B A A
V] AH 6 P2 B BIF T 20 86 A 4R . Wang Hang 25U BF5E T %
ST B A0 A ) i B A AR BB A T X A ) R B
Wiy, 5l H S8 SRR 5T TR A Ve g o B TR SR R S A P e
A5 Ak B #A A B X A ) W 1 B 0 5 Shi C 4850 i 5 48 2 ) e
TVB-N,TVC & E T4 8 /A 347 T o5, B R 30
Jee mT A Sy G £ f) T B 0T A PR 8 A L AR T A2 A i JE X L BIF AR
B B 40 YRR 1o R R AT 2 ) A A WL R DR AT
Ay e DAy A b I AR G £ B R TN IR R AR G IE . AR
IF T 4003 A HR 5 AR IR I 7 A A P R i £ 2R ) e 1 25
AR A R, JE T HR T AR AE 2 Y R 5 B TED 1 A DG 1 L DL
Sk R 25 W B A kg £ N B £ S A 00 R A R A B
o A 3 LA A W e hy 8 B 1) R R B SR R R
1 e 505k
1.1 MRt

8 Fh A Wy e b5 UE T - (6 B ( Tryptamine) | & Z, Jii¢ (Phen-
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etthylamine) | J& Jli¢ ( Putrescine) . J' i ( Cadaverine) . 2 JI%
(Histamine) . fi% i ( Tyramine) | W45 I (Spermidine) | ¥ JI%
(Spermine) : 4l fF =99 % , 2% [ Sigma-aldrich /A ] ;

FHE IS 468 =>99 % , % [ Sigma 24 F] 5

AR =99.99% . KW HEBESMWAERA A

T A (3 — 25 A % (HPLC — UV) £ 2695-2998
PDA B, H A 15 A 7 5

WAL - DCY-24B 4, 11y AR 2 AL HR M 03 A BR A 7
1.2 HmuratE

15 i 1) 2 0 5 €00 0 1 W A VD /N DRI A
KRG AEELBEEER. Kk L8 KRB EME. £
oL E Ew T, MR ELA N 30 g (A (2.0 em X
3.0emX 2.5 em), Wi TEEARZKHAFHKES, FUL
0.2) “C R W7pk , 3 F 40 07 i f|] 4 (0,2,4,6,8,10,12 ) BEML
BFEHEST pH.TVB-N.TVC J&E WM A B Az 9 file 5 & 09 )
S BANER AT 3 K.

1.3 WMEFHE

L3.1 pHillE SR ESE M EETT.

1.3.2 TVB-Nl5E $ GB 5009.228—2016 #1417,

1.3.3 W% BBWE 2% Chang Shu-chen 21 By J5 ik
AT,

1.3.4 JREVEH SHEEEHSET R AR RE WSS
B LA LI 6 5 R VBT A 4TSV AR S PR S A
H1 10 £ Zead & T8 Y A9 PE 8 N B2 3 T0HT 43 45 T 0 1/ 4 ok
54 RS A 1 S LLRAR 43 B A fa R Y R R T B 32
18 43 LA b B . 10 ~ 18 43 SRy 8T F L IR T 10 43 4 Ji WL By
B, BREEESRMELE 1,

1.3.5 AW B

(1) 22 W Mo o VR IV Th 4 + 5 RO B 2600 1 O 3k B
0.4 mol/L 1Y i 58 FR ¥ 70 B 1 & %) ¥k J¥ (0.5, 1.0,2.0, 5.0,
10.0,20.0 pug/mL) (¥R A AR HE

(2) AWM FEE: 22 R R B 07 ik IR RIFE B .
TFREL 5.00 g ZEWF Y f A FF & T 50 mL B0 &k m A
0.4 mol/L I E &M 10 mL.¥fi 1 min.8 000 r/min & >
15 min, & 13T 25 mL g5 600 b, U0 4 [R) B 7Y O =X
HEERB WA I RIE WL IFH 0.4 mol/L i & & R & 4
F 25 mL, BSELFRHREUK 5.00 mL F 25 mL () H K&
oA SE R TR IE O ¢ e IR %% 5 min, 75 B)E A MR,
HE TR CABR R NG W7 . KBRS 0 R B — 20 C IR
5.

(3) WY Mefii A4k : 2% Nie Xiao-hua S5 1y )y i, If
TEEEN ., BB LR RIBOE MR SRS 1.0 mL F
5ml ks 2 B, R A 2 mol/L NaOH % W
100 1oL H 0B R 40 B4 75 W 300 L R FH A 8k 45 (10 mg/mlL
WHED T mL, 35 %48 0, F 50 C#kt /R N 45 min, i [7] & f#
10 min 8 75 AR — K 5 RN 5E R G A 25 %%k 100 pL,
Lk N, FRE 30 min, ARE AR EBRNE L IEHZ B E R 2
5 mL, T 4 000 r/min B> 10 min, B & & 0 F3E % 3
0.22 pm JEHEF 2 mL FF A P . 4 Colt SR A7 R A
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Table 1 Criteria for sensory evaluation of grass carp and silver carp fillets
i B ERES AR HEE A
1G5 4 O B R ?ﬂ-!ﬁ] HIRAN h@ifﬁ\'\i%ﬁ»??ﬁﬁs)ﬁ
AR 3 M WIERAIREPS
. EHR. A BAERERN DNRARZE®H, QE RIEFAHE FHEER
B (4 4 ,
e AR B Wi HIIEEISTEPS
G ER. A BEAFERKERE NRARZE®H, BAR a5, F46H6EEME
e R W S IR FA L MR B8
S EW. WA FAFKHEE.A NRALARES. R MHAHEE FHEEMEA
bRt MERREEA R AL THAR
BEA ER, A ARIIMERK W4 RRE%H, THEM FRERMEAS
e B R LV BN

(4) AWl HPLC 43 #7724 4 H . ODS-SP Cys b
(250 mmX4.6 mm,5 pm); KR35 Csh 4k + 2
(A+B) . B EPEMB:B:40% ~80% (0~ 25 min), 80% ~
100% (25~ 30 min), 100% ~ 40% (30 ~ 35 min); i & :
1 mL/min, # .10 pL,

1.3.6 B4 R Excel 2003 25 &, ] SPSS 17.0 #47
BFEIT

2 HER G

2.1 mRIERHNEL

B & 1Ca) W] 0, B A A5 £ LA 7E 4 °C R it A b pH
{ELAS Ak B AR AL U 588 T 00 B T 028 SRR O ) L B R B R
A ™ A2 1 FLIR B ATP 43 ff )™ A8 i AR B IR 4 1t iy 385 . UL
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Figure 1

PR pH 87T R . {E B & TR 8] 59 58 S 3R B SR W R
S RS 28 S P R LA pH TR L I 1 (b H]
R 0 B £ ) U6 T v RO TR — RE 22 S M AE VR 2 d N
PR 7 B A BT T B 20 5 3.45,3.74 1g CFU/ g, Kk il T
RE 2 T W IR HE AT B v SCER T L A T I R S
FC IR R VBRI L 3X 5 5 RUAE S BF 52 SR A L
T+ AR 1 I A bl 90 FE TR TR 2 £ (A B 1 B W 40 it oA
A R ERREST R A K. HEREHER
CTVB-ND & UL PR 75 J35 W0 acd A+ A ok 2 00 190 1 1D 08 2 19
O P IR R RS R T e R L B L SR i
P 1Ce) T TVB-N Bl 25 I 980 I (6] 69 SE (<A Ui 38 o e £ 75
TS 10 K I ik 24.27 mg/100 g, B i 75 P 5 5 8 K i ik
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Changes in quality indices of grass carp and silver carp fillets during chilled storage
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21.17 mg/100 g, HH F(E B L & E Rl & FEshy

K= R ) (GB 2733—2015) iR K . TVB-N [ . 4% fif B [
20 mg/100 g, 10 Py 34 & A JB5 W HAS 700 . o U 5T ) R
58I T TVB-N ™ A i 3 B i A e — 2 2 5
ARSI AL P P R R AL RN A B 22 BT . R i
1 L PRV R S 1] (L I A T R ] ) S 4 AN T R I, DL
B 1D, eI AT 4 d, 5 R fa R o E T B 2% R
(P>0.05), HIEE /M EHALE 16 0L b, 565 4 R, BB
1B T R L 5 10 R A S JLATE IR T 10 43 BT 2
AL O B A UL P R LR 2SR R B T B 5

2.2 XYBRESETHK

Tt A v A T B AN B R U Y R A A
A OR 2 M R T LS R R AR Y R T
B0 G AR 5 AR AR 1) G B TR) A5 4 A 10,8 d H AW
JHe 5 5 22 S AR Ak E R AR AR T WS 0T AE RS 12 KL R
B £0 F 8] 65 e R B & i 25 S B3 (P<C0.05), i Ek 2
AT 70 B S £ R RGeS A B R L )
B (4.624+1.02),(3.2140.49), (2.1740.46) mg/kg. {4}
PR 2 Wi 1) BT & 43 B AR, 43 9l o (1,81 21.34), (0.48 &=
0.56) mg/kg. A1ME & )7 B AR K o H Bl G IE R B [ )

0 TET A 8 T U FEAMIE T 10 4 . i Bl f5% 40 UL P €6 95 15 2%
Hy O ET G, B AR B fR A0 B TR A

WL ZUR B 5%, /N,

10,8 K I} LA & A 8 W & A (2 2%

TEA e

SR AR RE L RS M LB e e I AR P B T
W sl AH AR AL R B L 2 2 e G e L AL g T e B T i 2 g i

R BRI B 3 (P<T0.05) L B 7ESE 10 K & A4 B3 21k,

A 2

A AT ORE AR EE (L) (BT &R T

Figure 2 Changes of grass carp (upper) and silver carp (below) fillets during chilled storage
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Table 2 Changes in biogenic amines of grass carp and silver carp fillets during chilled storage mg/kg
. Y JHEIN 8] /d
H ) Ui
0 2 4 6 8 10 12
o G 1.8141.34*Y  3.784+1.06*"Y 3.6141.11*Y 5.71+£0.38"Y  5.324+0.50"Y 3.01£2.16%Y 3.87+1.15%Y
i }
S 1.2940.884Y  4,8841.04PY  5.0640.44PY 4.9340.97"Y  6.36+0.37"Y  2.34+0.40°Y  3.31+0.05Y
o G 0.484+0.562Y  0.61+0.742Y  2.3340.54"Y  2.2040.44"Y  3.2940.68"Y  7.38+1.04¢Y  8.554+0.38<Y
i
S 1.0540.712Y  2,9340.574%2  2.9040.66°Y  2.5340.43*Y  3.6740.37""Y 6.704+1.65"Y 11.88+0.46%
. G — — — 0.38+0.14*  2.86+0.36°Y 10.1545.37"Y 23.3940.40°Y
i
S — — — - 14.07+0.80%  29.02+1.80"% 44,46+ 1.88%
G — - — — —~ — —
J i
S — — — — — 3.124+0.30
G — — — — — 2.84+1.27°Y  1.0740.16"Y
20 1% , ,
S 1.3140.04*Y  4,734£0.77¢ - — — 2.774+1.56"Y  1,60+1.13%
" G 2.17£0.46%Y  2.3340.48%Y  2.534+0.18%Y  3.17+0.23*Y  3.2440.89"Y 9.5041.96"Y 25.0141.85°Y
ik fie ;
! S 1.4640.602Y 4.01+£0.26%% 3.75+0.59 5.54+2.312Y  9.404+0.21% 25.2440.96 50.84+1.50%
" G 3.2140.49%Y  3.9840.48*Y  4,49+0.58*Y  3.45+0.14°Y 3.23+0.29°"Y 3.9240.39®Y  3.68+0.21"Y
VK %
S 3.4441.87Y 2.71+0.34% 3.5040.09*Y  2.9340.35°Y 2.1640.31%% 2.2140.35%% 3.3440.312Y
" G 4.62+1.024Y 6.27+0.94*Y  6.4741.802Y 5.524+0.272Y  5.4940.65*Y 6.20£2.112Y 6.83£0.602Y
i i ) ) ) ) )
S 6.9642.592Y 4,9840.282Y 6.69+0.602Y 6.35+0.224% 5.5440.17Y 7.33740.65Y 7.55+£0.60%Y

8 AW G
B S

15.4344.13%Y
12.934+6.58Y

14.3343.63%Y
26.80+2.67"Y

18.6743.86%Y
22.73+0.73%Y

20.75+0.84%>Y 22.414+1.07°Y
21.79+£3.73%Y

42.22+0.98%

42.43+1.03°Y

71.20+5.62%

71.79+1.81¢
125.7243.33¢

TGS R 1 5 i 5 —
() £ R W)
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Ay MR (7.38 £ 1.04), (10.15+5.37), (2.8441.27),
(9.50E1.96),(42.4341.03) mg/kg. H k% a4 4 )
B 5 R SEAA DL, TC S 25 S B T IS ] Y AE L 8
JHe 28 i 76 W 5 2ot A v oA B Bl AR AR B B R L
Jiie 7 g T e 75 A B 35 (P<0.05) o Ji Jie T8 e B 7 45 8 R
e AR AR (P<C0.05) , & i 43 51 7K (14.07 40,800, (9.40 £
0.21) mg/kg, P RAEICIRAE 12 RIF g™ A S (3.12%
0.30) mg/kg,8 F A= Wy filc B & B AESE 8 RIS FF IR K A B 378
£ (P<<0.05) , Zr &35 (42.2240.98) mg/kg, 5 %4 55 45 8
KN Y A W i e & ik (42,43 1.03) mg/keg AT, My i ] #E
DS 50, i 0 5 £ R A R IS B 8 R AR g e e S AR
— 5,

ot bl & B 0 R ) Rt R B R R R AR 22 R AR
Jie EEIR R QAN B b R RS 2 R 2 B 2k
(P<C0.05) , T & B 7E 55 2.4 K 3y 5 | 45 4k (P<C0.05) ,
T J6 5 1 R a8 R A g e B MR B i, g
JE PR o A 0 K L W G AR T AR B o e
HEWR Sz A W0 TR AR FH A i e LS e K M O L £ D B
iR RS BB AR Y e, B FEE 4 B FAR 10 R
G 8 Kt TF U A 55 00 o D O T e 5 s AR A G
Hrp s i B i 43 il 35 (10.15£5.37), (14.074+0.80) mg/kg,
W& Bz 2 & 0 ) R (9.50 4 1.96), (9.40 4+ 0.21) mg/kg, i
W JE M HE A0 R B fa SR 12 R B e X 4 ik
(23.394£0.40), (44.46 = 1.88) mg/kg, B ik & & 4> B ik
(25.014£1.85),(50.841.50) mg/kg, A [F] £ P 18] & Hic F &
Jiie B 25 5 W3 (P<C0.05), BbAh, 7 e 7E A R I e o R
HrORA K L A A R 12 d R R R L X S E e ST B
YV TR A E T S ) Rl e AR A B CHE A A A
P25 AR RN, Fl O T R B f R T R R e
T T T Ji .8 T A ) T L i kAR B 3 A A 1 R TR A 49 i)
J910,8 d, 5 TVB-NLECE 95 #5722 A I 18] m — B0, i 20 HE W
A e 5 LT ST A (R TE — R AR OGP

2.3 EYERERRBREXEST

B 3 AT, B TG £ rp 6 e RS I R e 5 3
TG BT 1 AR SE AR AR (P>>0.05) , B IEji aof A2 o HL 5 4
Py T e g v BT o ) L BB A X AT L A A LG T 2% L i
A Sy e £ R £0 BT W P A bR . AR £0 T R 2 ke
JWe R W 8 A B AWM 5 pH AHOC MR 2 (BRFE M rh IR Ok
R*=0.558 #p,R*/NTF 0.500), 1 5 TVC, TVB-N, & E
43 8 2 H 3 (P<C0.01) (M filf fa H i e R =0.471 4P R ¥ K
F 0.500), 5 TVB-N MM ki (R* ¥ K F 0.700), fH&
PEITFEA R YCEZ ) =13.870+1.715X (R =0.856)[Y
CGEZ M) =11.722 4+ 1.619X (R* = 0.856)]. Y (J& i) =
16.804+0.592X (R* =0.774) [Y (J& it) = 14.650 +0.351X
(R*=0.856)].Y (& JH) =14.374+0.343X (R* =0.832)[Y
(B& ) =15.32040.685X (R = 0.839) 1. Y (iAW i) =
12.0034+0.269X (R?* = 0.867) [Y (i L ¥y lHig) = 11.891 +
0.155X (R*=0.887) ], th M AT 1, K Z Jhe | Ji5 e T i Sy B £
£ R v S B T 0 R ERRAE A W e . b A B £
5 TVC, TVB-NEE P43 A e B 47 (P<C0.05) , &R P 6 &
WK 4, PR 2R 2 e B e T W WA Ay DA RE £ V8 i i R
o 5 a6 B DT O 00 48 B AR e T e T T T e T A Dy B
5 B AR
3 &k

B ST S5 B 2 WY, 0 i 2o R % b AR W e 1 B = R
AV o B 2 Y R BT ] ) R 28 2 T G e T i 8 i i A W i
Y 5L b T A e A TR £ B A Ak 1 G B B IR R 0 0 Ry
% 010.8 RV HAMM S w2 5B FEER AT WG, 7%
WP REER 12 K, B o R0 G £ f0 7 ) T i R i % 2 S W3
(P<C0.05) ., ZAH MM 7R, 2K & i 68 e 1% i . 8 A A
A W) I 24 T A Sl R R i B Y D R A I R 8 AR R
A 1 AT AR Ry R £ R BT A 1 R W) S 2 AR AR
BEAb, G £ 7 S T TR A TVB-NL R T 4 48 26 P 5
S8 TR R B R R B R TP AN 09 S R AR Y TS A

®3 HaNsasRABRNEEYRAIESHRRERHEXE

Table 3 Correlation between biogenic amines and other indicators of grass carp and silver carp fillets during chilled storage

pH TVC TVB-N TR
LW e
G S G S G S G S

NI 0.257 0.203 0.133 — 0.079 0.066 —0.117 —0.063
3 0.747 % * 0.296 0.937**  0.676** 0.925* * 0.925** —0.952** —0.801**
Ji Wiz 0.464 * 0.402 0.806**  0.809* * 0.880" * 0.954** —0.871** —0.884"*
F i — 0.077 — 0.475* — 0.753* * — —0.572*
2 0.399 —0.532* 0.531* —0.300 0.419 —0.015 —0.515 0.135

% Jie 0.408 0.278 0.759* % 0.686" * 0.912* * 0.916** —0.866 —0.791% %
VK e —0.329 —0.082 —0.284  —0.128 —0.630 —0.250 0.175 0.035
e 0.275 0.030 0.315 0.112 0.354 0.334 —0.353 —0.268

8 Tl A Wy e S 0 0.529" 0.314 0.842** 0.725" " 0.931** 0.942** —0.918 —0.838" *

TGS HRERE S8 RPRIR AR R B R —
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Table 4 Regression linear equation between biogenic amines and other indicators of grass carp and

silver carp fillets during chilled storage

X OREAEYE WBEAR [ 5 2y A R? sig.
pH Y=—123.053+18.862X 0.558 0.000
TVC Y=—9.11842.625X 0.876 0.000

KLk
TVB-N  Y=13.870+1.715X 0.856 0.000
JRETES Y=19.553—1.521X 0.907 0.000
pH Y=—211.227+32.258X 0.215 0.038
TVC Y=—24.625+6.204X 0.645 0.000

J Bz
TVB-N  Y=16.804+0.592X 0.774 0.000
. BB Y=16.847—0.505X 0.759 0.000
i pH Y=—162.818+25.261X 0.165 0.079
o TVC Y=—18.629+5.261X 0.578 0.002
Ak TVB-N  Y=14.374+0.343X 0.832 0.000
BEES Y=17.949—0.560X 0.705 0.000
pH Y= —544.448+85.509X 0.280 0.019
8 kW Bk TVC Y= —43.555+15.147X 0.711 0.001
A TVB-N  Y=12.0034+0.269X 0.867 0.000
JREIES Y=20.920—0.229X 0.843 0.000
pH - - -
TVC Y=—7.4314+2.233X 0.457 0.025

i3
TVB-N  Y=11.722+1.619X 0.856 0.000
JREIE Y=18.206—1.298X 0.642 0.000
pH Y= —413.663+61.687X 0.162 0.079
TVC Y=—55.525+12.710X 0.654 0.000

& e
TVB-N  Y=14.650+0.351X 0.910 0.000
JREIE Y=16.107—0.302X 0.782 0.000
pH - - -
TVC Y=—2.1924+0.493X 0.226 0.070

RIS 73
TVB-N  Y=17.178+4.196X 0.567 0.000
BEIES Y=13.648—2.955X 0.327 0.007
pH - - -
" TVC Y=—43.024+10.579X 0.471 0.006
TVB-N  Y=15.320+0.685X 0.839 0.000
BEPESY Y=16.070—0.275X 0.626 0.000
pH — — —
8 Ff £ W e TVC Y=—90.437+25.531X 0.711 0.008
SN TVB-N  Y=11.891+0.155X 0.887 0.000
BEIES Y=18.222—0.127X 0.701 0.000
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