40 % 2 Wl B % U R Vol.40, No.2
2019 4 4 A PROGRESS IN FISHERY SCIENCES Apr., 2019
DOI: 10.19663/].1ssn2095-9869.20180813001 http://www.yykxjz.cn/

WRIEZE, XUSEHE, #WTIR, 2khr, BT, RMHE,
R, 2019, 40(2): 83-90

Chen SJ, Liu XJ, Yang XQ, Li LH, Huang H, Wu YY, Li CS. Analysis of characteristic elements and establishment of principal
component evaluation model of abalone from different habitats. Progress in Fishery Sciences, 2019, 40(2): 83-90

AE =i S S TT RIS X
SIEM BRI R L
BRE T AART BEK' FEE
#OH REM BEL

(1. A ARFTFRAC G T 5 a2 5w B GOK™ i THE AR & T
R EUK A RFE R SE B R K A RRSE T T 5103005 2. BIEEEEREEA R B 201306)

PR AR M RE TR AT 5 PR R B A S kA

FE  h T HRE A B 44 % (Haliotis Spp. Abalone) By [X 38 M 2 5, JFH4K 5 — Fi A 209 #1 & 7= iy
BRIk, RAERDANMENNT R, BE. LA, ATINETEREL DS A RIA T O
fEJL#%(Na, K, Mg, Ca, Fe, Zn, Cu, Ni, As, Al, Mn, Cr, Se)¥#tT 9. &R BT, # &4
B TREEREZR Mn R RREERKA, BRRE N 74%, Ni K2, K 65%, 2K Z Se (60%),
HATENEFRRBHAET 10%, B, Bt BRWHATHEELE, AR 13 MFETE
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Tab. 1 The content of constant and trace elements in abalone (mg/100 g)

5 Number Na K Mg Ca Fe Zn Cu Ni As Al Mn Cr Se

1 308.41 25941 5585 299 260 081 039 0.04 0.19 0.13 0.05 0.01 0.02

2 319.66 259.56 55.65 6.04 7.00 1.17 127 031 023 026 0.12 0.05 0.04

3 238.64 301.17 51.57 3.01 521 095 046 0.10 023 0.09 0.07 0.01 0.02

4 254.89 274.65 5543 343 4.03 0.64 094 0.14 0.13 021 0.07 0.01 0.02

5 157.40 311.88 41.87 240 2.28 1.00 0.19 0.10 0.10 0.10 0.09 0.01 0.01

6 273.73 320.06 5592 3.10 333 1.18 0.45 0.12 030 0.10 0.08 0.03 0.03

7 348.26 280.53 61.35 398 597 081 079 0.08 029 0.67 0.08 0.02 0.01

8 391.63 250.44 65.10 4.06 5.12 0.70 0.79 0.07 030 0.52 0.09 0.01 0.01

9 226.34 222.06 52.08 3.19 471 0.70 0.64 0.09 031 025 0.06 0.01 0.01

10 257.57 280.97 43.14 375 7.08 0.71 0.58 0.06 0.33 033 0.03 0.03 0.01

11 351.86 24395 61.66 3.60 2.73 0.61 042 0.06 034 022 0.06 0.02 0.01

12 25471 25527 6225 468 682 0.75 0.39 0.12 040 034 032 0.01 0.01

13 280.75 24378 6320 480 7.06 0.76 0.43 0.12 041 028 034 0.01 0.01

14 554.06 23193 6942 395 333 0.70 0.33 0.09 028 0.13 0.17 0.01 0.01

15 293.29 27879 58.59 3.60 8.04 0.63 0.52 028 036 027 0.14 0.02 0.01

16 209.00 214.41 4835 376 440 0.75 043 0.04 0.15 030 0.13 0.01 0.01

17 436.00 222.74 7452 500 4.05 0.89 0.53 0.06 023 027 0.15 0.02 0.01

18 251.34 25094 57.47 387 7.09 0.68 0.46 0.18 0.15 025 0.05 0.03 0.01

X 300.42 261.25 5741 385 505 080 056 0.11 026 026 0.12 0.02 0.01

s 92.06 30.49 836 0.86 1.83 0.17 025 0.07 0.09 0.15 0.09 0.01 0.01

. o 31% 12% 15%  22% 36% 21% 46% 65% 35% 56% 74% 56% 60%

Coefficient of variation
F2 WELBEE
Tab. 2 Standardized data
N?m?er K Mg Ca Fe Zn Cu Ni As Al Mn Cr Se

1 0.0868 —0.06042 —0.18676 —0.99131 —1.34086 0.04527 —0.65408 —0.99353 —0.78922 —0.89952 —0.77071 —0.69795 0.64933
2 0.209 —0.0555 -0.21067 2.54494 1.06995 2.14083 2.81103 2.60987 —0.35545 —0.01512 0.03854 2.89151 2.98691
3 —0.67107 1.30914 —0.69844 —0.96812 0.08919 0.86021 —0.37845 —0.19277 —0.35545 —1.17165 —0.5395 —0.69795 0.64933
4 —0.49455 0.43939 —0.23698 —0.48116 —0.55735 —0.9443  1.51161 0.34106 —1.43987 —0.35527 —0.5395 —0.69795 0.64933
5 —1.55353 1.66038 —1.85808 —1.67537 —1.51619 1.15126 —1.44161 —0.19277 —1.7652 —1.10362 —0.30828 —0.69795 —0.51946
6 028991 1.92865 —0.1784 —0.86377 —0.94088 2.19904 —0.41783 0.07414 0.40365 —1.10362 —0.42389 1.09678 1.81812
7 0.51967 0.63223 0.47076 0.15652 0.5056 0.04527 0.92097 —0.45969 0.2952 2.77416 —0.42389 0.19941 —0.51946
8 0.99077 —-0.3546  0.91908 0.24928 0.03988 —0.59504 0.92097 —0.59315 0.40365 1.75369 —0.30828 —0.69795 —0.51946
9  —0.80468 —1.28534 —0.63747 —0.75942 —0.18477 —0.59504 0.33032 —0.32623 0.51209 —0.08315 —0.6551 —0.69795 —0.51946

—0.46544 0.64666 —1.70625 —0.11015 1.11378 —0.53683
11 0.55877 —0.56744

12 -0.49651 —0.19619 0.57836 0.96812 0.97132 —0.30399 —0.65408 0.07414
13 —0.21365 —0.57302 0.69193 1.10725 1.10282 —0.24578 —0.49658 0.07414
14 2.75515 -0.96165 1.43553 0.12174 —0.94088 —0.59504 —0.89034 —0.32623
15 —0.07744 0.57517 0.1408 —0.28406 1.63977 —1.00251 —0.14219 2.20949
16 —0.99303 —1.53623 —1.08339 —0.09855 —0.35462 —0.30399 —0.49658 —0.99353 —1.22299 0.25701
17 1.47274 —1.26304 2.04524 1.33914 —0.54639 0.51095 —0.10282 —0.72661 —0.35545 0.05291

—0.53312 -0.3382

0.09407 —0.72661

0.50782 —0.28406 —1.26963 —1.11893 —0.53595 —0.72661

0.00691 0.02899 1.11926 —0.71146 —0.37845 0.8749 —-1.22299 —0.08315 —0.77071

0.72897 0.4611 -1.00192 1.09678 —0.51946
0.83742 —0.28724 —0.6551  0.19941 —0.51946
1.48807 0.52913 2.35066 —0.69795 —0.51946
1.59651 0.12094 2.58187 —0.69795 —0.51946
0.18676 —0.89952 0.61657 —0.69795 —0.51946
0.26975 0.19941 —0.51946
0.15414 —0.69795 —0.51946
0.38535 0.19941 —0.51946
1.09678 —0.51946

1.0543  0.05291
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Tab. 3 Correlation coefficients among element content of 18 kind of abalone sample

R N K M C F z C Ni A Al M C S
Number a g a c n u 1 S n T (§]
Na 1

K 0382 1

Mg 0.812"" —0.456 1

Ca 0395 —0.446 0.520" 1

Fe -0.136 —0.034 0.024 0.528" 1

Zn  —0.145  0.488" —0.185 0.131 -0.157 1

Cu 0.101 —0.044 0.067 0.537° 0356 0.168 1

Ni -0.094 0211 -0.007 0.403 0.581° 0.234  0.482" 1

As 0259 —0.108 0374 0324 0446 0218 -0.041 0.060 1

Al 0.170 —-0.212 0253 0.382 0.455 —0.290 0419 -0.073 0315 1

Mn 0.121 0274 0429 0517 0333 -0.039 -0.191 0.133  0.512° 0.090 1

Cr 0.039  0.192 —0.076 0.487" 0.380 0.470° 0.527° 0.590 0.012 0.057 —0246 1

Se -0.071 0370 —0.145 0238 -0.033 0.741"° 0.555" 0.490" -0.196 -0.322 -0.178 0.603"" 1

*o OFHCHE 35 (P<0.05); **: AHICHEML 3 (P<0.01)

*: Significant correlation (P<0.05); **. Highly significant correlation (P<0.01)

X Cr &Y Se i BN W EAHK, il xL
FEMICE T B Z AL B VMR, HhT(EEm
EE, MELUE B AARSCHE, Bk, 6 R A
PN X B E R AT R AR AL T, OB A e BB R Bk
A BT G ER Z [0 B SR BCRLAE

23 ERHSOM

B 18 A fa e i b i F B S o R S B AU
WEATARUEAL AL B J , XF AT R o0 . & 4 0l
A, 1 ERTBIRRIEMCA 3.610, HZETTERE R
27.769%, BItIrZTTERFEN 27.769%; 5 2 EWT
FRAF(E N 3.447, Jr 22 TTHR N 26.516%; 55 3. 4.5,
6 FRUAI T Z DTk A 12.951% . 10.662% .
6.563%F1 5.411%. FFEWMAHNECH 6 BF, HitTr

TR K 89.872%(>85%), RN EBkZE nf LA LT 6
A F RS R AR AT RE SN Y 13 TR R PR AY 4 B
IifE B, IR EEAT 6 A 3 Wi sr X i fi ot 2 A kT
LEATVE .

2 3 AT R BRI SR T 45 0T O R 4 1)
FMRERE . AR S vIAE, TSR 1 EMT, Ca BE
KEIERBME, DAL 1 TR0l LA 8 e Ca (1)
fFE; 785 2 ERUrT, Se AR KAIEREUE, ¥
WIS 2 ERUA T LI R e Se M5B 7656 3 £
43, Na BRI IE REUE, Fe A8 KM REUE,
VIHEE 3 F A4 il IA 80U Na, Fe BB 56 4
FErH, Mn B KRMIERBUE, B 4 F 50

AT DVARO I Mn B15 B 58 5 ERsrT, KARK
FIIERBUE, W% 5 ER0 T DA R K 1E
By e s, NI ABRKM N REE, wiE 6
FE AT AR Ni 915 S o R3S E g fnr A
%€, Ca. Se. Na, Fe. Mn, K I Ni X 7 fhoc & &
AN TR 7= i 0 £ B REAIE G 2

x4 ERSDITHEERFERBKE
Tab. 4 Principal component analysis eigenvalue and
variance contribution rate

S s
o FHOE(E Variance umutahive
Principal . I variance
Eigenvalue  contribution e
component rate(%) contribution
’ rate(%)
1 3.610 27.769 27.769
2 3.447 26.516 54.285
3 1.684 12.951 67.237
4 1.386 10.662 77.898
5 0.853 6.563 84.461
6 0.703 5.411 89.872
7 0.488 3.755 93.627
8 0.408 3.141 96.768
9 0.138 1.058 97.826
10 0.114 0.880 98.706
11 0.106 0.814 99.520
12 0.052 0.402 99.922
13 0.010 0.078 100.000
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Tab. 5 Principal component loading coefficient matrix

i 1 WY 2 EWY 3 EWY 54 EWoY 5 EWY 6 sy
Element First principal Second principal ~ Third principal ~ Fourth principal Fifth principal Sixth principal

component component component component component component

Na 0.460 -0.381 0.667 —0.099 0.247 -0.258

K -0.370 0.588 —0.207 0.242 0.549 —0.068

Mg 0.596 —0.482 0.514 0.096 0.123 -0.119

Ca 0.920 0.064 0.142 0.047 —-0.205 0.205

Fe 0.672 0.127 —0.660 0.042 -0.039 —0.118

Zn -0.030 0.727 0.338 0.343 0.159 0.382

Cu 0.579 0.498 0.037 —-0.505 —-0.030 0.127

Ni 0.504 0.598 —0.206 0.179 -0.215 —0.402

As 0.528 —0.343 —0.261 0.374 0.453 —0.096

Al 0.523 —0.265 —0.334 —0.506 0.336 0.351

Mn 0.477 -0.372 -0.111 0.689 —-0.186 0.269

Cr 0.462 0.718 0.056 -0.131 0.082 -0.168

Se 0.157 0.853 0.350 0.113 —0.008 0.078

24 HBAETEERDITEMER

FHE 5 10 32 A 28ty 28 B30 I 0018 o D HC A
TR TR, W45 2145 3 Bl W RRAIE 1] S {F, D
2 6, Stk ocR & AR E BT 12 6 A
F T ICR BRBCR IR (P Zya, R trifELS 1Y
Na &850, HAb k£ R #E) .

F1=0.24212,,—0.1947Z+0.3137Zy,+0.4842Z
0.3537Z5—0.0158Z5,+0.3047Z¢,+0.2653Zx;+
0.2779Z5+0.2753Z51+0.2511Zyy+0.2432Zc,+
0.0826Zs,

Fy=—0.2052Zy,+0.3167Z¢—0.2596 Zy,+0.0345Z¢,+
0.0684Z5,+0.3916Z,,+0.2682Z¢,+0.3221Zx—
0.1847Z,0.1427Z5-0.2004Z;,+0.3867Zc, +
0.4594Z,

F3=0.5140Zy,~0.1595Z+0.3961Zy,+0.1094Zc—
0.5086Z5c+0.2605Z;,+0.0285Z¢,—0.1587 Zy—
0.2011Z5,~0.2574Z,,~0.0855Zyn+0.0432Zc,+
0.2697Zs.

F,=—0.0841Zy,+0.2056Z+0.08 15Zy1,+0.0399 7+
0.0357Z5e+0.2913Z;,-0.4290Z,+0.1520Zy+
0.3177Zxs0.4298Z4+0.5852Zy1n—0.1113Zc,+
0.0960Zs.

F5=0.2674Zy,+0.5944Z,+0.1332Zy1,~0.2220Zc,—
0.0422Z5,+0.1722Z;,-0.0325Z,~0.2328Zni+
0.4905Z5+0.3638Z51-0.2014Z1,+0.0888Z,—
0.0087Zs.

Fe=—0.3077Zx,—0.0811Z¢—0.1419Zy,+0.2445Z,—
0.1407Z,+0.4556Z7,+0.1515Z¢,—~0.4795 Zx—
0.1145Z,40.4186Z5+0.3208Zy—0.2004Zc,+
0.0930Zs.

B 25 I 97 22 TTIRRAE N R S o 1
FeFLZ AN, il B LA BN -

F=0.2777F+0.2652F,+0.1295F+0.1066F +0.0656F 5+
0.0541F

Hed FIRRE 1 TR, FFeBRE2EE 6
ES %t

FRAE 32 B0 1 R R IR ST 18 A 1 B
B B HEFPIE O, FELL 32 425 A R bR A
FEATTA W 18 A RE ST R T BRI
ZAHT(EE 7). R 6 T, LA HEATERT 6 1L
2 ERENL L 6 SRR 17 SRR 13 SRR L TS
FESR LA 15 SHES, HEA AR 2 5 S FE .

25 FL FofH . A HER RS —, Fs. Fa.
Fo (HHEZ S, Fs (HEE)E, R FEREARI
FIFIF, I, BPCa, Se Fr&im, K&HEEM. 6 5
FESMAY Fao Fs. Fy. Fs{HHEZSERT, FOEHEZSE)S,
K H FEHRETEF,, F5. Fy. Fs |, Bl Se. Na,
Mn., K &mE, 1M Ca M. 7 5F:5, Fi.
Fs. Fo (HHEZSETT, Fy (A%, KL ETHARLE
Fi. Fs. Fg, Bl Ca, K &, Mn, Ni 81K,
12 5H1 13 S5 Fio Fy. Fo(HHEZ AR EERT, FsHEA
#IEH, Fy . R HERENE S, R TR RLEF, .
Fs. Fs I, Bl Ca, Mn 8%, Se. Na, Ni T ##K
K o B 5 52 55200938 3 KA T I MG 1 12 0 G
B a3 AL T OCR SR T S
K, 34 FEHEIfA ) K, Na, Ca, Mg, Fe, P & i
HFAERFELRP<001), Zn, Cu LREMERP<
0.5) XEARMFFFETCEMAT, Hrp Fe, P AREH
W AT RE R TR A L R LR I T ik
EZRSEW.
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Tab. 6 Characteristic vector values

iz 551 EWSr 552 Fy 553 Fy 55 4 EHSr 555 Fy 55 6 e
Element First principal ~ Second principal Third principal Fourth principal  Fifth principal ~ Sixth principal

component component component component component component
Na 0.2421 -0.2052 0.5140 —0.0841 0.2674 -0.3077
K —-0.1947 0.3167 —-0.1595 0.2056 0.5944 —-0.0811
Mg 0.3137 —0.2596 0.3961 0.0815 0.1332 -0.1419
Ca 0.4842 0.0345 0.1094 0.0399 -0.222 0.2445
Fe 0.3537 0.0684 —-0.5086 0.0357 —0.0422 —-0.1407
Zn —0.0158 0.3916 0.2605 0.2913 0.1722 0.4556
Cu 0.3047 0.2682 0.0285 —-0.429 —-0.0325 0.1515
Ni 0.2653 0.3221 —0.1587 0.152 -0.2328 —-0.4795
As 0.2779 —0.1847 -0.2011 0.3177 0.4905 —-0.1145
Al 0.2753 —-0.1427 -0.2574 —0.4298 0.3638 0.4186
Mn 0.2511 -0.2004 —0.0855 0.5852 -0.2014 0.3208
Cr 0.2432 0.3867 0.0432 -0.1113 0.0888 —-0.2004
Se 0.0826 0.4594 0.2697 0.0960 —0.0087 0.0930

X1 EHNBARHEF
Tab. 7 Principal component score and sort
Ei952 ¥ HEF Eil35% Ei952 Eil35%
F, F; Fy Fs Fe F
Sort Sort Sort Sort Sort Sort Sort
1 -2.2203 17 |-0.1351 9 1.3057 3 |-0.1547 9 |[-0.1273 10 0.0157 10 [-0.5073 15
3.9778 1 5.1385 1 0.9932 5 [-0.2110 10 [-0.9024 16 0.3366 8 2.5325 1
-1.9266 16 1.2490 3 |-0.1736 9 0.8318 5 0.3626 6 |—0.0454 12 |-0.1163 9
-0.8933 13 0.8461 5 0.1277 8 |-1.2786 16 |-0.8579 15 |-0.2105 13 |-0.2111 12
4
2

FE5 . H0F

Number !

2

3

4

5 —4.2228 18 1.2043 -0.4269 10 0.8851 4 -0.2128 11 0.5421 5 [-0.7988 18
6 -1.2763 14 2.8227 1.1828 4 1.5764 3 1.6150 2 0.0874 9 0.8260

7 1.3079 5 -0.3989 10 -0.6450 12 | -1.7215 18 1.8679 1 0.9729 2 0.1655

8 1.1696
9 -0.8118

3

-1.4915 15 0.2258 7 |-1.5066 17 0.9659 3 0.4822 6 |-0.1127
-0.8248 11 |-0.7398 13 |-0.8072 13 |-0.6295 14 0.0060 11 |-0.6670 16

—_
[\

10 -0.2871 10 0.5824 6 |-1.8909 17 [-0.9636 15 09128 4 |-0.2126 14 |-0.2245 13
11 -0.5252 11 -1.4827 14 0.8321 6 [-0.4513 11 0.4507 5 -0.8459 15 |-0.4956 14
12 1.6737 3 -1.6111 16 -1.2992 16 1.9739 2 —0.0851 9 0.8103 3 0.1180 7
13 1.9880 2 -1.7473 17 -1.0172 15 2.1868 1 -0.3917 13 0.6945 4 0.2019

14 0.4287 8 -2.4178 18 2.4724 1 0.6525 7 -0.0458 8 |-1.1695 16 |-0.1987 11
15 1.2955 6 0.1269 8 -1.9369 18 0.6863 6 0.1557 7 |-1.9810 18 0.1188 6
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17 1.4852 4 —1.4665 13 2.3319 2 |-0.0826 8 -0.3087 12 0.4272 7 0.3195 3
18 0.1444 9 0.5574 7 -0.8779 14 |-0.8707 14 |[-1.0832 17 -1.1710 17 |-0.1530 10

3 & Mn K I Ni iX 7 FhIC 22 A )7 8 8 A R AE TR

ST TR TRE IR F 0 BT 28 A PR R A
AHIFFE A A X 18 A AN[w] 7= Ml 7 4 5 1) 13 bt F=0.2777F;+0.2652F,+0.1295F;+0.1066F4+0.0656F s+
5 ME TR N I AT BT, AR 0.0541F
13 ATEZPIRILT 6 ATEMEN ERL. Bl e Ry Bl T 0 85 3 S T DA R (6 £ 7 ) R 4R
TeHk ik 89.872%; Z4MH7, fH Ca. Se. Na, Fe, DT —EMIES%.
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Analysis of Characteristic Elements and Establishment of Principal Component
Evaluation Model of Abalone from Different Habitats

CHEN Shengjunl@‘, LIU Xianjin'?, YANG Xianqing', LI Laihao',
HUANG Hui', WU Yanyan', LI Chunsheng'

(1. Key Laboratory of Aquatic Product Processing, Ministry of Agriculture and Rural Affairs, National R&D Center for Aquatic
Product Processing, South China Fisheries Research Ingtitute, Chinese Academy of Fishery Sciences, Guangzhou 510300,
2. College of Food Science and Technology, Shanghai Ocean University, Shanghai  201306)

Abstract  This study was done to assess regional differences among abalone from different habitats and develop a new

and efficient method to identify abalone from different habitats of origin. To do this, the content and composition of 13

major elements and trace elements (Na, K, Mg, Ca, Fe, Zn, Cu, Ni, As, Al, Mn, Cr, and Se) in the muscle tissue of 18 kinds

of abalone samples from the four major breeding provinces of Guangdong, Fujian, Shandong, and Liaoning, China, were

determined and analyzed using principal component analysis (PCA). The results showed that the elemental content

differed among the 18 abalone samples. The variation in Manganese (Mn) was the largest [the coefficient of variation (CV)
was 74% among samples], followed by Nickel (Ni) (CV = 65%), and then by Selenium (Se) (CV = 60%); all the rest of the

analyzed elements had CVs higher than 10%. At the same time, after using the PCA method to reduce the dimensions of
these data, six elements were effectively extracted from among the 13 elements examined that cumulatively explained
89.87% of the variance among samples. These characteristic elements of abalone from different habitats were Ca, Se, Na,

Fe, Mn, K, and Ni, and a comprehensive model of the six principal components including them was established as follows:

F = 0.2777F, + 0.2652F, + 0.1295F; + 0.1066F, + 0.0656Fs + 0.0541F¢, where F, represents the first principal

component, and F,~Fg represent the second to sixth principal components, respectively. On the basis of the comprehensive

PCA score, the top six samples were samples No. 2, 6, 17, 13, 7, and 15, and the lowest one was sample No. 5. Among

these, sample No. 2 had a higher content of all characteristic elements and better quality than all others. The PCA approach
was found to be quite suitable for the evaluation of the nutritive quality of abalone. The establishment of this PCA model
provided an empirical basis for the theoretical determination of the origin of abalone samples.

Key words Abalone; Characteristic elements; Principal component analysis; Different habitats

@ Corresponding author: CHEN Shengjun, E-mail: chenshengjun@scsfri.ac.cn



