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ABSTRACT: Objective To investigate the effects of different processes on nutritional compositions and minerals

in the processing of tender Laminaria japonica. Methods In this paper, the effects of blanching and salting processes
on the main nutritional compositions and minerals of tender Laminaria japonica during processing were studied.
Results The content of water, crude protein, dietary fiber, crude fat, alginate, mannitol, iodine, amino acids,
manganese, phosphorus, iron, and potassium in fresh tender Laminaria japonica were the highest, followed by
blanched tender Laminaria japonica, and the lowest was salted tender Laminaria japonica, which might be due to
the high temperature of blanching and the dehydration process of salting, resulting in varying degrees of loss of
nutrients in tender Laminaria japonica. Amino acid composition analysis showed that fresh tender Laminaria
japonica was more in line with the ideal protein pattern recommended by Food and Agricultural Organization of
the United Nations/World Health Organization (FAO/WHO). Heavy metal content analysis showed that the content
of heavy metal elements in tender Laminaria japonica met the food safety standards at home and abroad. The
results of principal component analysis showed that the comprehensive scores of fresh tender Laminaria japonica
was the highest and the quality was the best. After blanching and salting, the comprehensive nutritional quality of
fresh tender Laminaria japonica decreased. Conclusion During the processing of tender Laminaria japonica,
nutritional compositions and minerals are lost to varying degrees after blanching and salting. This study can
provide a scientific basis for the high-value development, utilization, and sustainable development of tender
Laminaria japonica in the future.
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Fig.1 Salted processing technology of tender Laminaria japonica
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Table 1 Changes of nutritional compositions in tender
Laminaria japonica during processing (g/100 g, dry basis, n=3)

HEARESR B O W5 EhTIEE
ML 16.52+0.07° 14.43+0.16° 9.75+0.10°
bichipi) 0.73+0.06" 0.65+0.06° 0.20£0.02°
i 2T 4 28.23+0.24° 24.41+0.08" 19.14£0.03°
K5y 14.25+0.06° 12.10+0.05" 37.83+0.11°

e [ —A7 A R /NS 5 B3R 28 53 .35 (P<0.05), Tl

22 BER. HER, MSENH

4 T 2 B AR BE T BRI — 2 T, AR
eI AR R B2y, AL AEIYE Tk 540, nT T+
AP Ik R B AR E AR, BRI SRR, W
H19.17% L wngk 2 PR, LS, RRDINT T4
IR BRI AR B Bl 11.21~21.96 /100 g, &
P2 R 5 A8 I i S R R (P<0.05), X AT A JE
T4 T S — T A YR 35 A0 R R A KV P R 22 L,
PR o T A 2 KO 3 AR O . H R B —
S IC R ACIRES T, B BT ER, W R mm e
R A I TR A T RSO R TR T T A FRS A i
PR B S 1.42~3.84 /100 g, SN T AT
BRCEE S AR R 1 R AR AR R, IR AR S T
T A e R (P<0.05), X AT RE & i F 1 SR 5
FARU R T e b R S e . MR ARG fi
BRI FHF M TR 2 —, BiltBCEE A B s
R 0.01 g/100 g, BLE R 93.75%, X5 F R
AR 8 AN REH 0.6 g G BEHEH (T H)
5 1.2 g ERIBHIHCF AT (T3 s AT LAk 3] v ] R i 5t A= 4141
(World Health Organization, WHO) i £ fll (%) #fE 7 % A &
(recommanded nutrient intakes, RNT) (120 pg/d)!'®,

R2 WIEESFEMIIRPEER. HEBENBSETN
(g/100 g, T &, n=3)
Table 2 Changes of sodium alginate, mannitol and iodine in
tender Laminaria japonica during processing
(g/100 g, dry basis, n=3)

Boy  BTEEMCEIE AR IR B

P 21.96+0.07* 19.14+0.04° 11.21£0.01°
T R 3.84+0.02° 2.27+0.01° 1.4240.01¢
il 0.16+0.00" 0.02+0.00° 0.010.00°

2.3 REBRAR T

AT X B R . IR B R AT
TR I LR AL AT T 4007 o 3 3 vl 1, AW
T T AL ELS A R YR 18 Fh LR, SRR
FHEREE, FEABRMRLEAREERSE. TAA T8
H 8.29%~15.87%, EAA F i 3.29%~6.46%. WZEHE T
T A SRR AR N Tl R s R, X T RE S
TR R B AL P T B B, AT s R i
Wb, 2% FAO/WHO T N MREE AT R IR A HEFE
B, T IR FA T IR Y IR P TR AR L 4
AR . RuAR. AR . RIS R A 2 iR 1 it
FAO/WHO Fri#fE, R EAMALT FAO/WHO #7ift, £t
WEFRW AR .. SIER . TR MR . I N Z R A
AR L FAO/WHO HrifE, HA 572 R AR 2 R Ik
T FAO/WHO #51fE. R4 FAO/WHO % i BRAR 4K 1
B A AR EIERR AL EAA/TAA 75 40%75 4,
EAA/NEAA HAETE 60% 4 1B 88 (A 5 1) 5T i 4 i i fet
W EAA/TAA F EAA/NEAA 43510 40.71%
68.65%, 5 {5 #E SR POVE g g AT N BT, PR R
H# ) EAA/TAA Fl EAA/NEAA 43311 39.49%F1 65.26%,
LR B EAA/TAA Rl EAA/NEAA 435114 39.69%
1 65.80%, Uh BT G ZE M I A LR B B SR E R .
By, SEAFAZFRARR R RN T A B ) B
W FAA T (5 TAA 19 37%Z4 4, BEBAZ RN T 1 4b
PRS00 WC2E M S R g vk, R — R L BT KA
PEBRFA

R3 WHEESTEMLIRPEERSETH(%, TE,n=3)
Table 3 Changes of amino acids in tender Laminariajaponica during processing(%, dry basis, n=3)

IR B e W T P 5 B R R B FAO/WHO #F7:7
IR IR* 0.91+0.01° 0.710.00° 0.49+0.01° 0.28
3 R 1.08+0.02° 0.76+0.02° 0.56+0.01° 0.42
EE R 0.17+0.02° 0.13+0.01* 0.07+0.01° 0.22

SEre AR 0.820.02° 0.55+0.01° 0.4120.01¢ 0.42
TR 1.44+0.03° 0.9840.01° 0.7440.01° 0.48

I e+ 0.89:0.02° 0.60+0.01° 0.46+0.01¢ 0.28
it i 0.98+0.01° 0.65+0.01° 0.52+0.01¢ 0.42
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%+ 3(8)
RN S A A T IS5 (4 R I Ny LR FAO/WHO ¥

B 0.17+0.01° 0.08+0.00° 0.04:£0.00° -
KA 1.74+0.03* 1.29+0.01° 0.93+0.01°¢ -
225 1R 0.790.00° 0.61:0.00° 0.43+0.01° -
@R 1.89+0.03° 1.35£0.01° 1.00£0.01° -
HEmR# 1.01£0.02° 0.73+0.01° 0.53+0.01° -
T B2 H# 1.25+0.02° 0.92+0.01° 0.65+0.01° -
Jig AR 0.55+0.01° 0.39:0.00° 0.28+0.00° -
HATR 0.33+0.01° 0.20:£0.00° 0.17+0.00° -
KR 0.95+0.02° 0.67+0.01° 0.50+0.01° -
i E=Nizd 0.70+0.01° 0.5120.00° 0.39+0.01° -
e R 0.20+0.00° 0.18+0.00° 0.12+0.00° -
EAA 6.46 4.47 3.29 -
NEAA 9.41 6.85 5.00 -

TAA 15.87 11.32 8.29 -

FAA 5.89 4.29 3.11 -
EAA/TAA 40.71 39.49 39.69 -
EAA/NEAA 68.65 65.26 65.80 -
FAA/TAA 37.11 37.90 37.52 -

1 HCR D TFEILIR; #CREEREILR, BEA ERE KA 42 (Food and Agricultural Organization of the United Nations, FAO); W54
JLFR (essential amino acid, EAA); JEAT5 & HFR (non-essential amino acid, NEAA); 252 5% & (total amino acid, TAA); ff IR LR

(flavor amino acid, FAA); -3/~ JTCILI .
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X2 R O E A e R B AR T B i E A
b, R ) Na TR SR BN, AP % Na o al
BRI ANM P, A AT AE R IR A K 43, ek A F R ik
A, K JGE AT T 4 M AN . Na JT & it id | &1l Na/K
FhwEn, DT SO T, R A I S — R AR,
RUPEREZP*HE i ## Na/K KT 1.5 R4 FAH K HL A,
A5 RS MLE, $hEHEREH Na/K HEKF 1.5, Hit
10 I AR 3 A PR R . Ca SR AR S
B B, Mg JE—FEsRiciZ o E, HAT
BRI . RO BERIVER, Mg A1 P BEBZIEUE AMAXT Ca AR
FIR, Hf 45— I RE A i L AR 28 14 1E 3 B2 26
B Ca, P HARREHE, —IAR, MFHES Caltg
HERZ N, Ca/P REAE 1:1 B 2:1 Z[f], 4R Ca/P A, 3t
SR A FEE AT, ] UL R R T Ca. P HL
BB, RN RAEFIAD Ca B0 o M Hh i 1 ot
F & Fe, Fe RMLAEATL MM EEFFE, 4ERpHLA R M

ifig, WFMAVE RS, Mn 15 R SRR, {0 Mn 2
BOE A RS TR A B, B Min RS20 Ca IR
M FECE BB WEREH T K P. Fe, Mn &1
PIfEm Tl A s g Wi 2k, 1M Ca Al Mg & B 28 #iz2 n -
Je BTG, 33X AT B h TR A A R T R P K
Sk, MAKMIAE Ca FI Mg 25554 i, DR in 1 k2
TR Ca Il Mg &P,
R4 WEESTENIIBPTYRTREETL
(mg/kg, TE, n=3)
Table 4 Changes of mineral elements in tender Laminaria
japonica during processing (mg/kg, dry basis, n=3)

VR T PG EhETER
Mg (x10%) 6.08+0.03" 14.44+0.17" 4.75+0.02°
Mn 31.83+0.22° 19.13+0.35° 4.88+0.14°
Fe (x10%) 1.06:0.02° 0.68+0.03 0.06+0.00°
P (x10%) 7.60+0.11° 2.71+0.06° 1.01£0.04°
Ca (x10%) 7.60+0.12° 11.27+0.14° 3.25+0.06°
Ca/P 1.0:1 42:1 3.2:1
K (x10%) 179.89+1.57° 22.32+0.33 9.24+0.15°
Na (x10%) 34.19+1.11° 95.51£2.41°  470.38+10.44°
Na/K 0.19 428 50.91
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Table 7 Factor loading matrix of principal component analysis of
the nutritional quality of tender Laminaria japonica

ERBHPNESEET, FHI RN ESE &7 st B

AT TR Z TP I N EE . # IR GB 2762—2022 ( & 1 2
A2 A E AR B RIS Y R ) AT NY/T 1709—2021 #RHM 1.000 -0.003
(ot fr i B2 B 3L ) o 0 T 3 4 i B of HEM 1.000 0031
(Pb<0.5 mg/kg . AR <0.5 mg/kg. JoHLif<0.5 m/ke) Mn 0.999 ~0.037
LR RR No 629/2008 T HE 453 & U B 23R (Cd < 3.0 mg/kg), ;ﬁf% 0999 0054
e s AL BCRREE R RA & R, TR s o o
Pb #l Cd & EMTELLTEN . B L, BEREHTE LT 0.995 0,095
Hutm LB ES R TR S BN E K LR R W 0995 0103
FE, AT LARCA AT B A b o KA 0.993 0.119
iR 0.992 0.126
=5 WEESHEMIIREPESRE TR S ELT K (ng/ke, n=3) 4512 iR 0.992 0.129
Table 5 Changes of heavy metal elements in tender Laminaria KaE g 0.991 0.136
japonica during processing (mg/kg, n=3) A 0.990 0.140
TRm BN PRI HIRCF o 099 o141
Eji’: iy WeFi o s 0.986 0.166
e ND ND ND AR 0.985 0.175
LA 0.09+0.01 0.0920.00 0.1240.01 [Eppe— 0.984 0177
Cd 0.02+0.00 0.02+0.00 0.02+0.00 RN AR 0.981 0.194
Pb ND 0.07+0.00 0.1520.00 T 0.976 -0.219
TE: ND fREARM HEm 0.971 0240
P 0.964 0.266
R 0.964 0.266
2.6 ERDAI WM 0.963 0268
G G B AT I AR B, 65 Z 0 A Zi‘fg 259 ~0.281
A LA AT (R O 045 20 A8 i, JFHR 502 R e — —
MR, BRTERS IO M A TRESE RN o) 70:922 0:387
PR U R O, e BB A R 33 TUE SR ALY I 0.906 0424
AP HR R IEAT T A 0T, R AR S AR AR T AL K 0.900 0436
G338 AR X R /INRIE L g B AR AR AR (B> 1 A4 B ), KAy 0.879 ~0.477
PEIUHT 2 D F sy, B siEkERis 100%, W] RCERE K4y ~0.824 0.567
MREETRIEE, SR ILE 6 MFE 7. 5 1 ERSHAFE Mg 0.123 -0.992
Ca 0.539 ~0.842

{4 29.316, TRk E, N 88.836%, LA BRI EMR 5
FRmBEmr; 8 2 TR MEER 3.684, TTHEE N
11.164%, JK4y. K FIHl A 4 m 4 .

A R B AR bRbr AL I B T IS 2 A
B Fy APy A BRI L K ST, F 2RSS BRIt 54y
R R A B L= (D~(3):

®6 WIFEFERBEMERSFHEEMTEHE
Table 6 Principal component eigenvalues and contribution rates
of the nutritional quality of tender Laminaria japonica

By FFAE(E BT/ % BT TR/ %
1 29.316 88.836 88.836
2 3.684 11.164 100

F1=0.180X,+0.171X,+0.184%;—0.152X,+0.178Xs+0. 182X+
0.1671X;+0.185Xg+0.183X+0.183X,0+0.182X,,+0.182X, 1+
0.181X,5+0.179X,,40.178X,5+0.184X,5+0.185X,7+0. 183X, g+
0.184X,9+0.185X5070.184%5,+0.174X,+0.183X3+0. 183 X4+
0.177X5+0.023X570.185X57+0. 178 X5 +0. 183 X9+0. 100X+
0.166X3,-0.170X3,+0.162X3; (1)

Fym0.114X,-0.196X,-0.049X:+0.295X,—0.140X5+0.086 X+
0.221X;-0.016Xg+0.067Xy—0.073X,4+0.092X,,+0.091 X, -+
0.101X,5+0.125X,44+0.139X,5+0.032X,5-0.002X,,+0.062X, ¢+
0.048X,5+0.028X200.054X5,+0.175X2+0.07 1 Xp3+0.066 X4~
0.146X5-0.517X56-0.019%57+0.139X55-0.073X9-0.439X30
+0.227X31+0.202X35,-0.249X; ©)

F=0.88836F,+0.11164F, 3)
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