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Abstract

This study investigated the variation of amino acids in Phycocalidia yezoensis at 5 stations, 5 harvest
periods from 2018 to 2019 in Jiangsu Province, and analyzed the correlation between the amino
acids of samples and the nitrogen content in the water. The results showed that 18 kinds of amino
acids of samples were various between 5 stations, among them, aspartic acid, alanine, valine and
proline were presented highly significant difference in each station. The total amino acids showed
highly significant difference between each other harvest period except the group between the De-
cember and the February, in addition, 18 amino acid presented highly significant difference in the
groups between December and April, January and March, January and April, February and April. The
content of essential amino acid in Phycocalidia yezoensis presented highly significant difference
between the harvest period, and no significant difference between the stations. The ranking of the

relevance was TN > NO3-N > NH;-N.
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2 Bt 435 (Phycocalidia yezoensis) N 4L 3% £ (Bangiaceae) %5 3 J& (Phycocalidia) /4y, & B s
GREER, KILLUBITLIR R IE . $hil. B IR N TR £ XA, 77 S 2 E R RS &1
97%LL L[1]. ERFHEERAMMAETTE, GEFEE, BREARRERI, E8FF & s 5im
[2] [3]5 T HL0b T B LR AL LI 755 & FAO/WHO (1973 “F)HEFE B AR R (iR, W 5. ASHAM
EIRME AU SE[4] [5]-

HAT, GRS B PR R ALRR[6] [7] BR8] [9] [10]. FeMe iR K4
JRI & B [11] [12]56 05T, AR RN [ i 2R 2R PRS0 SR P U R IR & B AR [13] [14]. FEA[RIARES
T DX AP R IR A AR A R D, A 28 W S5 [ 155 7 S AN [F) 3 (X 6 B4R Sk AT T R R R & AR AL i
T TN, BRI R S R Bl A KR A A AN [R) S B — e (AR A, 75 H AR X (S TE ML) 26 B
BRI R T P X AMRAEX . A 50K A A8 2R = F i /9- S Y R 77 R Ii5 (OPA/FMOC) A HiT AT AE
A T SRR Ea VR B OG5 2 PR SR 77 X 5 AL B 5 ANAS[RISR S 1 2% B 4 S R A gk A7 = 0k
M5y #r, KA LACHAT 8500 Yl LS /X, %o BURE fiREs e X AT B B A A EME R EE =
T A 5E , AR R A FAEBE 56 T 26 PR S IRAR B BR 1 2 O A A, DA B BE IR 5 R ifg X
RO E DA . SRR KE LIRS B S DO ANEA R, MAAERSES
SN S B2 B A B BIAR S A R
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Figure 1. The different positions of samples
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2.2. MRIRIALE

PR FE SRRy (7 52560 2, —20°CARAE

FE SIS 5L 0.15 mm LA, #ERAFKEL 0.1 + 0.005 g B T4 /K & b, 218\ 8 mL 6 mol/L
HCL ¥ (e BRIV 73 1T H 6 mol/L KOH #K), IR sk e, IRUERE 257 uUE I T i
M, MEZS, 10 min J5ED, 7E 110°CR/KME 24 h, VIFFKIRE, FRET/KETREEE] 50 mL F2H
H, ER, HUEEEUEM 1 mL BT 25 mL /NEM R, fEIIA NaOH [ 32 T84 2T, A 1 mL pH
2.2 MBS, WU R 2R P &

2.3. #RIFTE

KH Agilent 1200 HPLC H3hidtFEes, XTI bRE S AFE i FAA 347 OPA-FMOC 7E£fiT42. ]
FRGZ M (pH 10.4) 5 uL, 412K —HIEE(OPA) 1 uL, ¥ekt, ZAEBRbREM M 1 pl, JRE 6 X, Pkt
9-7j 3 A I & (FMOC) 1 uL, ¥e4t, 1BA 6 1k, ATk,

24, LG

B iEFE: Agilent AA-ODS C18 15 cm x 4.6 mm; Fif: 40°C s FLD #&:3ll% K : 0.00~17.50 min (AEx = 340 nm,
AEm = 450 nm), 17.50~26.00 min (AEx = 266 nm, AEm = 305 nm). izh A: BERRHN 1.36 g, 7&K 500 uL
AR, MN=20% 90 uL, 1%~2%MEFR1H pH 2 7.20, JNAVUERIE 1.5 ul, Y82]; Jishif B: ESEREN 1.36
g, WFEIK 100 mL 5, 1%~2%IBSIR 1 pH 25 7.20, N4 2./ 200 mL A1 FFEE 200 mL VR AR, TRET.

25 EMSHh

PL 18 P FEER b v i 1 DR BE B (8] 5 1 5 7E R AR S 9~90 pmol/ul YEFE Y, PAEIERRIR B A
ARFR, G T RO AL AR, SR1S 18 P L ER (1 £ 5 F2 , THIAR A — g i+ SR RE S b E R I & &
2.6. @K EFH DT

HEKAERAEJG 22 0.45 ORISR I G ORA7, WEASE, TRHE, AL LACHAT 8500 JishiEs 74t
PGHATIE, SN E(DIN R R LR R =T .
2.7. BN

SKH SPSS 20.0 Xt & MBI AT T EEEE . SFARFEAL . A E RIS & BT SR R LA T £
RE 720 SRR H M BE B s, w2 /KF N P <0.05, %% P<0.01.

3. LG R
3.1 FEBESEER

ARG ASFEERBOI 2 P SIATI 18 PR, S5 RVENE 1~ 5. Hrr, BEREAR
LX)y 28.69~42.68 g, TS EAE 2 g LA EMEERME, WEERKKARER. HEK. REA
M. RER. SRR HER. AR, WEK. BER. T 9 M FESEE 1~2 g WERR, K
DRI 25K ANER. RRER. BER. H 58 FHEEAE 19 UTIAH 4 Mk 1-%
4)o B uGALL RS2 BEE S (0 S G IR & i B AT ARy s, Bl ] s 3R RO L
FEG T SR AR A AR A iy IOHEIR I8 N s dBimub A FE f S BRI S B RIS R I, 5 BTE, B
A NEERIILG, JE b LR b R A RS I T R T 224 BT, & 3 A Itaa Tk, Hiz
s 2k RS T B AR S B IR 12 AR Tl froh, HeeRibdi & T 54k 4 A ubfr (K 2).
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Table 1. Amino acids measurements of Phycocalidia yezoensis in position of station 1 (g/100g)

1 A 1 e S EBR Y S 8 (g/100g)

uhifr 1
Pl
12 A 1H 2 A 3H 4 H
KA 4.49+0.12 4.33+0.02 4.15+0.01 3.67 £0.03 3.1+0.04
BB 5.17 £0.09 5.13+0.03 5+0.03 473 £0.02 3.64 +0.01
LR 1.89 +0.02 1.93+0.03 1.93+0.02 1.67 £0.02 1.47 £0.03
AR 0.63 +0.02 0.61 +0.01 0.62 +0.01 0.52 +0.01 0.46 +0.02
HaE 2.56 + 0.06 25+0.01 2.56 +0.02 2.27+0.03 2.13+0.02
e B 222 +0.02 2.25+0.02 2.23+0.01 1.96 +0.03 1.76 £ 0.04
Fh R 2.51+0.02 2.49 £0.05 2.5+0.03 2.17 +0.03 1.99+0.01
[N 5.1+0.05 5.12 £0.02 5.16 £ 0.00 4.35+0.02 3.55 +0.02
1% 24 2 1.16 £0.03 1.12£0.03 1.15+0.03 1.05+0.03 0.87 £0.02
JiRezNind 0.08 +0.01 0.09 +0.01 0.10 +0.01 0.15 +0.02 0.18 +0.01
SRR 2.67+0.03 2.65+0.01 2.64 +0.03 2.32+£0.02 2.11+0.03
HER 0.77 £ 0.02 0.78 +0.03 0.88 +0.04 0.71 £0.02 0.46 + 0.02
a0 0.47 +0.02 0.41 +0.02 0.39 +0.01 0.37 £0.02 0.31+0.02
KNER 1.72 £0.03 1.72 £0.03 1.71+£0.03 1.58+0.01 1.38+0.04
R AR 1.65 +0.02 1.63+0.05 1.66 +0.02 1.48+0.03 1.24+0.01
=R 3.03+0.03 3.06 +0.01 3.11+0.03 2.70 +0.03 2.36 +0.03
R 2.14+0.02 2.17 +0.05 2.22+0.01 1.86+0.01 1.71+0.02
J R 1.83+£0.02 2.45+0.06 2.04+0.03 2.23+0.03 1.71+0.03
SRR 40.10 + 0.24 40.44 +0.11 40.05 +0.08 35.79+0.11 30.43+0.14
Table 2. Amino acids measurements of Phycocalidia yezoensis in position of station 2 (g/100g)
= 2. 3hL 2 HEPREEA S E(g/100g)
_— iz 2
124 1H 2H 3H 4H
REER 4.07+0.03 3.82+0.05 411+0.03 3.61+0.03 3.31+0.03
BHEBR 4.95+0.04 4.61+0.04 5.84 +0.20 6.09 +0.03 450 +0.04
245 1.74£0.01 1.68 £0.02 1.88 £0.04 1.61 £0.02 1.56 + 0.01
o R 0.58 +0.02 0.53 +0.01 0.59 +0.04 0.52 +0.03 0.45 +0.02
Ha 2.35+0.02 2.27+0.06 2.49+0.04 2.19 +0.00 2.16 + 0.04
TR 2.10+0.02 1.99 +0.02 2.14£0.02 1.83+0.01 1.87 £0.04
Fh 2R 2.26 £0.02 2.16 +0.01 2.48 +0.04 218 +0.04 2.04 +0.02
R 4.36 +0.03 4.20 £0.03 5.25+0.03 4.64 +0.03 3.27+0.07
1% 24 2 1.43 £0.02 0.98 +0.02 1.12+0.01 0.95 +0.04 0.95 +0.04
R 0.10£0.01 0.05+0.01 0.18 £0.01 0.15 +0.03 0.2+0.01
eV 2.48 +0.04 2.37 +0.04 2.58 +0.03 2.31+0.02 2.14 +0.03
HER 0.68 +0.04 0.71 £0.02 0.86 +0.02 0.73+0.03 0.57 +0.01
R 0.44 +0.01 0.41 +£0.02 0.38 +0.04 0.33 +£0.02 0.32+0.03
RN 1.61+0.03 1.56 £ 0.02 1.62 £0.03 1.45+0.01 1.44+0.01
A AR 1.54 £0.04 1.46 +0.01 1.56 +0.03 1.41 +0.04 1.25+0.03
AR 2.82+0.01 2.7+0.07 2.95 +0.04 2.62+0.04 2.41+0.04
Wi 1.97 +0.02 1.89+0.01 2.16 +0.02 1.83+0.01 1.74 +0.02
% 1.81+0.04 2.17 +0.03 2.51+0.04 2.16 +0.02 2.19+0.01
MR 37.29 +0.07 35.56 + 0.03 40.70 +0.11 36.61 + 0.06 32.37+0.23
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Table 3. Amino acids measurements of Phycocalidia yezoensis in position of station 3 (g/100g)

3. Bhfi 3 M S EBR Y S E(g/100g)

ulifr 3
Pl
12 A 1A 2 A 3H 4 H
KA 4.41+0.01 4.33+0.03 3.86 £0.02 3.74+0.03 2.74+0.03
BB 5.42+£0.01 5.30 £0.03 5.03+0.03 5.07 +0.04 3.87 £0.01
LR 1.87 +£0.02 1.82+0.02 1.81+0.03 1.73£0.02 1.38 £0.01
AR 0.64 +0.02 0.59 +0.04 0.56 +0.02 0.54 +0.01 0.42 +0.02
HaE 2.67 +£0.02 2.57+0.02 2.43+0.02 2.32+0.03 1.96 +0.03
e B 2.24 £0.04 2.15+0.03 2.14 £0.04 2.00+0.01 1.67 +0.02
Fh R 2.53+0.02 2.45+£0.05 2.40 £ 0.04 2.30 +0.01 1.81+0.01
[T 5.38 £0.03 5.19 £ 0.04 5.04 £0.02 477 £0.02 3.25+0.05
1% 24 2 1.15+0.01 1.07 £0.02 1.10£0.03 1.15+0.01 0.80 +0.03
R 0.13 £0.02 0.08 +0.01 0.16 +0.02 0.15 +0.01 0.16 + 0.01
SRR 2.95 + 0.04 2.80 +0.01 2.50 +0.02 2.40 +0.03 1.92 +0.02
HER 0.59 +0.02 0.50 +0.01 0.76 +0.02 0.53+0.02 0.52 +0.03
ekl 0.58 +0.03 0.42 +0.04 0.37 £0.02 0.36 + 0.02 0.29 +0.01
RNER 1.88 £ 0.04 1.70 £0.01 1.64 £0.01 1.70+0.01 1.27 +£0.02
R AR 1.83+0.02 1.71+0.03 1.53+0.02 1.57 £0.01 1.14 +0.03
=R 3.21+0.06 3.09 +0.02 2.89 +0.03 2.87 +0.02 2.17 +0.04
R 2.18+0.08 2.18+0.04 2.07+0.02 1.92 £0.02 1.53 £0.02
J R 2.59 +0.02 2.50 +0.02 2.49+0.02 2.25+0.03 1.92+0.02
SRR 42.25+0.22 40.45+0.8 38.78 £ 0.19 37.37+0.05 28.82+0.13
Table 4. Amino acids measurements of Phycocalidia yezoensis in position of station 4 (g/100g)
= 4. SE{I 4 P REBRA S 2 (9/1000)
- uhifr 4
124 1A 2 A 3H 4H
KR 4.27 +0.03 4.26 +0.02 3.89+0.01 3.56 + 0.02 3.39+0.02
B 5.04 +0.02 4.93+0.02 456 +0.03 4.90+0.01 431+0.02
245 1.82£0.01 1.84 +0.04 1.75 +0.02 1.67 £0.02 1.54 £0.03
o R 0.58 +0.01 0.59 +0.01 0.56 +0.01 0.53+0.01 0.49 +0.02
Ha 2.47+0.02 2.41+0.03 2.41+0.04 2.28 +0.01 2.23+0.03
TR 2.21+0.03 2.18+0.01 2.14+0.03 1.96 +0.03 1.93+0.01
Fh 2R 2.33+0.03 2.36 +0.01 2.27+0.02 2.16 + 0.02 1.98 £0.01
R 4.35+0.12 4.65+0.02 4,77 +0.01 4.18 £0.01 3.94 +£0.02
1% 24 2 1.04+0.01 1.05+0.01 0.99 +0.03 1.00 £ 0.02 0.82+0.01
R 0.08 £0.01 0.07 £0.01 0.08 £0.01 0.11 +0.01 0.17 £0.01
BB 2.63+0.03 2.52 +0.02 2.50 +0.02 2.41+0.03 2.21+0.02
HER 0.79 £0.02 0.81 +0.02 0.76 +0.03 0.69 +0.01 0.59 + 0.01
R 0.37 £0.02 0.41+£0.03 0.34 +0.01 0.41+0.02 0.31+0.02
RN 1.70£0.01 1.66 +0.01 1.60 £ 0.01 1.59 +0.01 1.39+0.02
A AR 1.63£0.03 1.54 +0.02 1.51+0.02 1.54 +0.03 1.26 +0.01
AR 2.99 +0.02 2.91+0.01 2.81+0.04 2.78 +0.01 2.44 +0.03
Wi 2.11+0.02 2.07 +0.01 2.02 +0.03 1.88 +0.04 1.78 +0.01
% 2.31+0.02 2.34+0.02 2.37 £0.02 2.25+0.02 1.71+0.04
MR 38.72+0.28 38.6 +0.18 37.33+0.15 35.9+0.23 32.49+0.29
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Table 5. Amino acids measurements of Phycocalidia yezoensis in position of station 5 (g/100g)

= 5. Uh1i 5 M S EBR Y S E(g/1009)

- DAY VAL
12 A 1A 2 A 3H 4 H
REH R 4.13+0.02 3.91+0.02 4.05 +0.02 4.35+0.02 3.66 +0.01
BB 5.84 +0.02 5.65+0.03 5.87 £0.01 5.47 £0.01 454 +0.01
25 1.80 +0.03 1.73+0.01 1.86 +0.03 2.02+0.03 1.44 +0.02
o R 0.62 +0.01 0.58 +0.01 0.65 +0.01 0.68 +0.01 0.37+0.02
HaEm 2.38+0.01 2.46 +0.03 2.59 +0.03 2.63+0.02 1.95 + 0.02
pixl. 2.15+0.03 2.11+0.02 2.23+0.01 2.27 +0.02 1.70 +0.01
KR 2.48+0.01 2.47 £0.02 2.63+0.02 2.73+0.03 2.00 + 0.02
WER 5.67 +0.02 5.63+0.03 6.09 £ 0.02 5.49 +0.02 2.86 + 0.06
it 2 2 1.10+0.03 1.03+0.02 1.19 +0.01 1.32£0.01 0.85 + 0.02
It iR 0.19 +£0.02 0.17+£0.01 0.19+0.02 0.20£0.01 0.08 +0.01
B R 2.52+0.01 2.62+0.03 2.69 +0.02 2.79 +0.02 2.07+0.01
AR 0.77 £ 0.02 0.55 +0.01 0.70 +0.01 0.88 +0.01 0.54 +0.02
R 0.39 +0.01 0.42 +0.03 0.36 +0.01 0.44 +0.01 0.29+0.01
KN 1.61+0.02 1.61+0.01 1.71£0.03 1.79+0.01 1.60 + 0.03
TSt 1.51+£0.02 157 +0.01 1.62 £0.02 1.73+0.02 1.30 + 0.04
P 2.88+0.01 2.91+0.02 3.06 +0.02 3.26+0.01 2.49 +0.02
W 2.14 +0.02 2.17 £0.02 2.26 +0.01 2.35+0.03 1.59 +0.02
e 2 1.76 +£0.03 2.43+0.01 2.03+0.01 2.03 £0.02 1.72+£0.01
MR 39.94+0.32 40.02+0.26 41.78+0.15 42.43+0.25 31.05+0.22

32. FEMNEERERTEEM W

X5 AL AR PR S T 18 R IR RRIEAT 7 Z2 0 W JE AL, %ol s (] 2 PSS T R IR R A AN A Y
Z5NE, SEALEAEERTA E AR AN R ZE EE IO DL Horb, Wb A5 b st A7 6] PRI =R . 2R
IR LIRS, HE 15 R SIS E A IR 22 7 R 0 2 et A 53R sk A (R BRIt R A, He
17 PR S M R s R A 5 RS (A PR 2 IR . AR R RS, e 15
LR RBHERES B RS E BRI R 2R @RI, HE 16 PR b E IR 2 5
e e bR ALIR I & R SR B AL AR 22 5 (LK 6).

Table 6. The amino acids differences between different positions of Phycocalidia yezoensis

6. HIEFRECKEERNERM

o P
;ﬂé RA& AR 4R MR WA SR R NE BE NE SR ER OE KN B mA BE BE A
WM M M OB OB M R M M OB OB OB AR AR M OB M M

2 0.00 000 0.00 000 0.00 0.00 0.00 0.00 0.07 0.00 000 0.22 0.08 0.00 0.00 0.00 0.00 0.00 0.00

1 3 0.00 000 0.00 001 0.21 0.00 0.00 0.00 0.07 0.00 000 0.00 007 0.05 0.02 052 0.00 000 o0.01
4 0.00 045 0.00 0.01 000 100 0.00 0.00 000 0.00 0.02 033 001 0.00 0.00 0.00 0.00 0.00 0.00

5 0.00 0.00 036 009 086 039 000 0.00 0.00 000 0.00 0.00 0.212 000 0.17 0.00 0.00 0.00 0.00

3 0.02 000 0.00 003 0.00 000 0.00 0.00 0.00 0.89 000 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00

2 4 000 0.00 0.00 003 0.00 000 0.68 003 0.00 000 0.00 0.03 032 0.00 000 0.00 000 0.01 014
5 0.00 000 0.00 000 0.00 0.00 0.00 0.00 0.17 0.00 000 0.01 062 0.00 0.00 0.00 0.00 0.00 0.00

4 0.00 000 088 100 0.01 0.00 000 0.00 0.00 000 0.00 0.00 0.00 000 0.00 0.00 0.74 0.00 0.00

3 5 0.00 000 0.00 000 0.28 0.00 0.00 0.00 0.00 0.00 001 0.00 0.00 0.00 030 0.00 0.00 0.00 0.00
4 5 0.00 0.00 000 000 0.00 039 000 0.00 0.00 0.00 0.00 0.00 0.14 000 0.00 0.00 0.00 0.00 0.00

¥ WE P <001 MR, P<0.05 T3,
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LR amRERIEAEE: 2 15 3 AZAAZAR. AR, aik. C@mREREARE: 354 A
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Figure 2. The variation of the total amino acids in different position
and harvest period

B 2. TRIRBEAS A2 AT

Table 7. The amino acids differences between different harvest period
7. RS ERESR M

P {E

A xx 8 22 A% B2 HE BE HE BE BE 98 G4 68 5/ 5% 28 BE Wa 8
AmoOM O OBM M OB M OB M OB M OB M OB OAREAR M OB M OER

14 0.00 000 0.01 000 0.00 0.00 0.00 0.37 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.26 0.00 0.00

24 0.00 022 0.01 005 037 039 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.00 0.00 0.30

3 000 0.09 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.14 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4 000 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2H 0.00 000 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.29 0.00 0.00 050 0.54 0.01 0.00 0.00 0.00

1H 3H 000 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4H 000 000 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2H 3H 000 064 0.00 0.00 0.00 0.00 0.00 0.00 0.07 0.05 0.00 0.00 0.08 0.00 0.00 0.00 0.00 0.00 0.00
4/ 000 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3H 4H 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.23 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

A

12 A

34. HEIERNEULAE

RPEEFT 8 L REER & B2 AR S =N 34.2%~37.4%, HAEA R 7[5 FUAS [ Rl
WIR A AR B — B . 307 1 B 4 H RRIEIR 2 AFEA 8L H Je i A R ik,
Mz 5 EHT 4 SRBUHEI BT, 55 1A H IR R 3). i atr, KIS RUBUHLH
QIR 2 A 2R 2 2 7 (P < 0.01), 1M 5 /Nubifrla ok I 2 2 7 (P > 0.05).
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Figure 3. The variation of the essential amino-acid of Phycocalidia
yezoensis in different position and harvest period
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35. BAKPRLIE, WERNESEANIE
5 AR ALK T TR S EAZEEOS, A RFEME S B L) & BB, TR =ik
AR HESEMZASEHY R TIHE 4 Dubho(A 4).
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Figure 4. The content of nitrogen in different position and harvest period

B 4. REL, FEREEEE K EA R
36 BRHE, HER. ESRSRERNBEXMESH
KRB LHLA SR RAERES KRS KA AL, SN S B
HARR . AR 10 MEAERAAW RN, HS 2 ZREREENEZEML. MERBESH D
10 P IR AL R AT R, 5 BRI EM, ZEASHT 7 MARRAAHME, 5aaEt
B th B — 52 RIS TE (3% 8).
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Table 8. The correlation of nitrogen and amino acid in Phycocalidia yezoensis
8. AESREARAEXM

P&

K& AR 27 AE HE #E OFE WA BE O E HE &E 6E BN RS E O BE HME BR
AR OM OB MR MR MO OR M OR R OAR AR R B R AR
*i%i 0.163 0.001™ 0.058 0.003™ 0.022" 0.012" 0.001" 0.000™ 0.356 0.020" 0.017" 0.449 0.331 0.148 0.078 0.021" 0.000 0.796 0.003

fis#4% 0.180 0.002™ 0.057 0.003™ 0.028" 0.011" 0.001™ 0.000 0.427 0.030" 0.019" 0.349 0.325 0.171 0.086 0.025" 0.001™ 0.933 0.005™
A% 0.229 0.005™ 0.199 0.036" 0.044” 0.090 0.002 0.000™ 0.248 0.041" 0.052 0.674 0.440 0.173 0.140 0.056 0.004™ 0.402 0.017"

e BE, REET
4. ¥Hig
4.1, FHERPEEROTHNE

W GEANEE 164 T & L RR 1 B 70 W SO AN R R S (6 28 52 1R B SR R AT I 5E = BB, 2% RS SRAMR 26
SAEAN A AR SR T AT B WO B R 26 T, RSP R IR i 0 33~40 7, YOAHZERIAWIE. A
ST SRSEHAT EERROK R G » AR (il X 5 5 M SRR AT I, MR E M4 R 52
F1EL(28.69~42.68 g), HASCIEIL SPSS 20.0 HAS AN [ RS 4 26 B4R 3 SR K R AL BR HEAT 70 W7 e
B, BEAAREGER 12 A5 2 A2 B E 25, HERIOHZ 8 BTk B Al i 2 X .
H, RERR AR SRR S IHRATRAE SN ub L W A% 825 22 5, T =R AE 10 Atz A i) B
A6 HEFARE, RYIRTH 4 MR AR T BOVEUR, 1R 522 8BRS R, ORR~NE
JRIFE A AR ASE - FEAFRIBERE S, REAEIR . LFIR. FEIR. HERRAE SR 1 2=
SR, RILLE 4 PR SERRAE A R RO AR O . SR vl L SRS AT AR, B
RADRNWEAIRZ 18 FE R TR UBURM IR EER . 5, FEEDDLFRERTTE FAO
i E NS @SRRI B AR, IR RS E BA BRI E TR IME, ARSI P AR s AL, AR
WIS BE S SR T A BRI 0T, RIS B A B 34.2%~37.4%, HLHFIRIEEIIRENE, *
B 26 DS S HE R B AR E MR o 2R SRS v 1A 75 G R TR 2 M 31 A 45 S oz ) R SR AT 30 o B2 300
AN (P > 0.05) AR 2 22 57:(P < 0.01), 1A 7R IEMR 1 B & LR I L 51 0 R B AN [R] i 37 ) 4 5 2 22
F#(P < 0.01), AFRUIIAEZ (P > 0.05)10%FF &, IXAEERS B EARZEL6Y OV 5 IREIBIX . R
W= TE R UL kA AN o

42. SEBRTUSTFRRRZERXFR

BRI R R R G, Hh ML E R R H I H R E R £ ([17] [18]. Young 5[19]
ST T AR EIR 7 AR SR AR K, OISR S AR 2 A MRS AE KSR L, X
— A Iwasaki [20]7 1967 £E & Chapman [211554E 1977 SE R 7045 AT &, A SO RIR 1 AH 5 0 47 ok
WAFE T —BUEE . EEREE, MM Z, AREIE. IR, P aiaEasREm
AR IR, Iwasaki [20]%& T H 5% (Phycocalidia tenera) () 22 RAAAE REF| FHRSRE 28, B REF)FH— L
MLE, 2R R E M AEK . ASCNSTHE. MR LASE SR WA R
(PAE) M HT, SEIEFRIAHCIHEHET B LA > AR > FAR. LUESE[5INE B = A FEE
BT | RPN SRR & B 7T, AT SRS D B R R S HAth LA B R U R AR
HRBRERIERN G EZMS DA T ENBMA . TERBE, DR REX RS
RS RNT, WHARNSERAC, ARSZRIER &AM KRS E NS TESE, mE
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SRR WAL A 70 SRR R B4, TR T — REF AL 62.2 TR, Ml A2 15 J1 N,
R A R 200 ACHIBE AT WL( 563k 4, 2021). JUHAEEE R HEHIX, ARIGTHAUR S B RIS K,
B w e BT RN, SR SR AR TITN . R AR A BRI M B S MR B E N R, DA
FER YRR RN S B2 BIGR . BTN K A8 RV S BRI . AT 7E AL B SR80 T R 2R IR
e S HIR I X AL A B HE VIR AR IR RS X AR b, g XRE IR S BRI K
T AT K A HE, AL ORAIE e 5 R A I L P 3

E&WmE
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