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R IF DY 2% RG BRI IN BR 0 2 B R P di st

FREMAR” = ARIE « RETH - AU - RETEAE - REREL - SRR
TR sEZ B gk ST R A St gerhul

[T

Uk (Eleutheronema tetradactylum) SEFE] E EAVRHSHEEIAAES —  AiMERESE -
EFEHEZIREILC - KL AWE EEEREAETE mH BRI BSEN 32 ) S IIY) - RS E
IIPYEREAEA SR E - Bl ~ MEESR C - CREIRELAEASR C R E S7ISE 5 il - SERVURRISH 4 3
% MEFTIRESH (FF 14°C fCE 25 7088) BB A5 R B HIAEE BN SOOI 52 K7 o0 i i
18 ~ 55~ 64 ~ 68 Jz 59% (p<0.01) - #R¥#E EuieBakiR - HIRRIRAE R - #EA SR C FITILRE
3TEEETER > o BITRERIIRRISEL |~ 2 J 358 - TR ESOREEE - A5 REUR - BER 1R
i S RS BGENIN 52 JIARRBR 22 54 2 By igig B3R C IRITIRH RS B B IR (p<0.05)
BB R IRH 2 5 5 3 8K > FTE I RN E IR (p < 0.01) - 32 K7 B
64 ~ 50 J2 55% o BLAMIEEER o Ll 5 RS EIRIYS rI B TETH AV E (p<0.01) 5 55 - i -
#EA: R C MR AR R R AU A BB R & | (p < 0.01)

RIREST | HRERE « B B8R - REfE

=1 AL ~ HELESE ~ R S SR AR

3G (stress) ZIREIVIRSZEIMA RIAT
IR - TR A Ry FARE BRI B R P 2 AR
(7 e SR E S S - S A2 SRR B S EHA
gERgn - KI BB gt ke E2 s A URER - —
it 3 S e AT B S gk W DARRECR Fa A C D 2
Y R TESHIRTANR AT RIRRSE
HEHEEK T~ (Read, 2008) - thA} - fil A2 8500 -
MR &l (cortisol) & =& EF (Wendelaar
Bonga, 1997; Abreu et al., 2009) » FrLL - fZBEEERY
B R Ry R S TR B AR R —
(Martinez-Porchas et al., 2009) -

RL RS E - DRetk R anbRiE @4
7RSI - AR E B Ay
27 Ry TUGE B RE (SEnt) Bk
BRI SCE FRVEIZE SRR (Olmos-Soto, 2015) « JT#K
TR B EC R R 2 T KEE
AEARHR R IR FERRE ARG EERY B - HEE ik
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%2 (Morrow €t al., 2004; Liu €t al., 2008; Chen et al.,
2013; Hooley et al., 2015; Azeredo et al., 2017
Forsatkar et al., 2017; Herrera et al., 2017;
Imanpoor et al., 2017; Jia et al., 2017; Cabanillas-
Gamezetal., 2018) - ;EHFEE T &EVE BIRINY)
T FHRGHIE (Fletcher, 1997)- REfR oY
KR LELBIRFEE I E R RIRZ © Cheng et al.
(2018) ZFIRFK (Takifugu obscurus) B & #E 4k
F C nl AR A R 55 N | T
DNA 8RR » H AR inedae 2 G ~ 5K
FEFTHINE S ZAHBRANIRSEE H - 1A - KRR
5 BN A R E TR SRR -
AT DS st e i s B 1 ) AR A LR BT ' R A5
JESES » B R HMEIR TR DhRE B Ry B 22

Gieseg et al. (2000) 5 Fe bl SRR I AEAE A= SR
E & &AM 5-6 5 ERRERT
FRBUR RISV REFF S L NUMEAE R E -
43R E R 3R C ERITAL I EE= - —
ZEFEWFEIER (El-Sayed and Izquierdo, 2021)-
5 Varghese et al. (2021) $5H fafigEE (tryptophan)
nik iR (Labeo rohita) ¥ ZAELEMIN 52
J3 - ST f R R e )T H e n i A
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Table 1 Composition approximative of the experimental diets
Treatment

Proximate composition Control - +0.2%  +0.1%  +0.2% Vit C +1.7% +0.3%

Vit C Vit E +0.1% VitE  Tryptophan Choline chloride
Ash (%) 11.4 11.3 11.3 11.2 11.2 11.3
Crude protein (%) 48.4 48.9 50.4 50.4 48.4 48.4
Crude lipid (%) 6.9 6.3 6.3 6.5 6.5 6.2
Calculated energy (kcal/g diet) 4.5 4.6 4.6 4.5 4.6 4.5

HE 457 A S S 5 R~ Mk e A R
(cholinergic neurotransmission) ~ JSE{E 57 {HE - g
"B P ]t 0 S iy B BR A 5 T L R 22 F
(Das et al., 2021) » FEfFAEF RS PR g (R AR B
PEREFMLIT TR L IBimAT4EY) 5 Hebb et al. (1972)
BB HE 2 BRI IBR ZBREEE (choline
acetyltransferase) ¥ /I i 1981 7 BE 7K WRLAY T e
MmfeE » AR N FHEE MBI &L
Wil (acetylcholine) S EHEYIE -

RSB RO PR B B AT R T
— 0 2021 FEFEEGEREW 18.5 (80T » KhpER
FEIRSEREZE(E G2 271.9 fB00) 1Y 6.8% (ifié
%, 2022) - H A X LIPY#% Sl (Eleutheronema
tetradactylum) IR EE S -

DU Ko I s R FRE - AERERE 0.3 - 35 psu
NER AT AEAHMEIR AN 32 14 72 » 7KK 14°C
BLESEL © 2022 4F 2 FSERELIRE 5 - SREEM
A A KR H 25°CERlRE 2 13°C » B~
bR BRI ZE L - 3P AR skombibin 5 fige 288 AR 4R H 3 -
TEREFZENEE T » BHAG KRR JE N
B G » EMEECKEIRT - AT raEaR
FRRIIAEAE 3R C ~ A4 3R E ~ Tafel% ~ IEisss - I
16 H i 2 H L BRI BT ki Y vk RS e v BB S HE
ZEBININYY - RIRFEET BT G o T BRI
SRR IEEE B -

FORHEL T4
— ~ e s

DYk B SN v 1 B R B R B S > [
®REFEAE 1.8 ton FRP #f - $RI/K ~ BERTTBIE

5 - 12 flfl H - Bz e /K g7kl ~ BERE - pH -
B4 (DO) Mtz (NO-N) 230l 25 -
28°C~30psu~7.9-8.0~7.1 - 7.4 ppm Jz 0.15 ppm->
PR ARETR R A i I E R (HIE - BA) @
fa () FEETRE GROL - =) -
=~ BEEEER B

2% Herrera €t al. (2019) ¥HiEMEAFHESEK
[ SRR BRI - AR T S S
LI » 5350k 0.1% #EAEFR E (o-tocopherol;
Vit E, Sigma-Aldrich, USA) ~ 0.3% J&f# (choline
chloride, Sigma-Aldrich) ~ 0.2% #ft 4= 3% C (L-
ascorbic acid; Vit C, Sigma-Aldrich) ~ 1.7% {ti&Hs
(L-tryptophan; Sigma-Aldrich) Ed0.2% #4532 C+
0.1% #E/E3R E G < K% 5 s =EC 7 20 510
ANFMNEGTIE) » MK » DIPTSR R e iR 1 S
KL » 40°CHERZ 24 hr - BIHGHHEREIEL - iR 4°CLRAF -
HEH R AR R B AT 5 R DU SR 1R s
Wt - BRI — it 43 AT (AOAC, 2003) 411
Table 1 fr7R » HAHEEE ~ MEEDT ~ IKH3 KAERZ
emiaalE 48.4-504% >~ 6.2 - 6.9% ~ 11.2 -
11.4%)%¢ 4.5 - 4.6 kcal/g »

= AT SRR R R

REPURREE I GIE 47.1 £ 1.3 g) HEIR 26°C
SIAHE 16 L /K2 13 ~ 14 J 15°C i
15~ 20 ~ 25 J% 30 min (GRHERBERI TSRAHAN R
7K) - ERsIRlE K BRI e BOE R B B
BB ZICTR > W ene BEEmsHE f B sE T
RBAGR VL HEASUZIETERAE 70 - 80%. 25k
A -
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VY ~ iR PSE RS PR

(—) RERITRS 438

AR RS (B9E 25.6 + 1.0 g) BEHET
#EAF 0.5 ton FRP A » 48 10 2 » BABEAR I #E
43R E - B - HEESR C - (Ul - MEAE3R CHE
BRI IHHEE 6 MftEtaR) - o0 3 B 0 3t
18 4% » FERGLEARTRE 4 8 - PRU/K G - ooKE
J& 30+ 1 psu > 7kifl 26 £0.5°C - FapHEZ AR & Ly
B 3% o $ER 4 AR DISRRR SR TR Bl
W17 REARTZ SRR - (R BLATSRAEEE Rl ik i SICE
B ZEEIN 32 ) )i BV BRI » MGE TR
IEFR (relative percent survival, RPS =[1 — (FRHHH
FELER / BRHHTETER)] X 100) B EEEE (percent
weight gain; WG% = (& #8 EH - #)H) / ¥ H X
100) -

(D) RERIFREI 1-3 8

KPR BB (B9 468 £ 1.5 o) RIRE
0.5 ton FRP i » 454 30 F& » LIRS 4 5%
S VRIS 2220 3 LR B e
Bt > 9 3 TR 3t 12 0 Rk 0
JKEERE 30 £ 1 psu > 7Ki% 26 + 0.5°C - #ERE A
BT 3% DU S S AR ESRETRL A IR 12 &
35 > DI TR - TR 7 K
P SBT3 » LIERAG (LA 2 A R A 72
TP B B BT R  B2  SAHEEA
SHEAFR I -

T~ BERUS A VIR Ra s
BEER & R R

HFHEEAPURR RS (F9EE 189.8 £ 25.8 ) fiE
1 0.5ton RP #&th » 948 4 BB > LIRS hge =
C -~ izhin - (ORNe - EIRHHSE 4 F R HEEAETR) -
FH 4 B4 - 3k 16 0 - FRAREEAETR 4 58 - BRUTK
e - JF/KEER 30+ 1 psu > 7K{E 26.4 £ 0.5°C -
BRI R A R R AR 3% > AR 4 AR LISRE
A TRR R RESIRERIL - K15 Z ML
3000 g ALy 5 min HUFS A - IMAE A DL Z B
(Merck, USA) Z£HY » HU WK » 8% 3 X 0 d6fF
3R W EHE  DIARWKEZ - RIS MA RS - B

A-80°C ykFEHRHT R - IMAERR SR R Bl 2
H# M Cortisol Elisa kits (Enzo, USA) DIEEZEHES %
¥ UK Bt 43 #7 7% (enzyme-linked immunosorbent
assay, ELISA) fgiH] o

N~ AT

P 3Bt S AR Excel BRESAIRYERK]
THEEBOITIER (one-way ANOVA) izt BHZE 7K
#EEHE p<0.01 &z p<0.05-

i S S 3 i

Ry K FE Rl S 2 FETRZEHE T > PURR S A
MR T B T A RSB A SE TR - AT SEEr T
RETETH VU S i 2 B 52 ) o2 B 2 i
Ve o R A TR BRGNS < 1T SehE
T7VYR S SRR IR R i SZARPR R PE R A5
TAPURR RS EIAE 13~ 14 J 15°CTN R Z2ETE 30 min
HIZEL 535 Ky 100 ~ 100 2 0% (Table 2) » L4} -
1 14°C R BSEIE 15 ~ 20 ~ 25 J% 30 min » %€
CERAAN Fig. 1 s » PORRIBEAE 14°C R RS 8
SEIFRF (] B S0 o EL A TR AHRE - AR i =
B y=7.03x—109.68 (R?=0.95) » H B Aams
2E R B ARSI SR R PEHITE 60 - 70% > 32
14°CHi & 25 min {EFyi2 R 75 A Lokt
Tt HERHIBE TR Ry 66% - B - DL 14°C
JE 25 1T B0 bR AR & 22 5 Ak 0
- pH ~ I SE SRR 225 1 Ry 30 psu ~ 7.9 -
8.0 ~ 8.3 - 8.6 ppm & 0.15 ppm » Fi LA BSH R
AR R K B B A RAT i -

Table 2
(Eleutheronema tetradactylum) following a 30-minute
cold-shock at 13°C to 15°C

Temperature, °C

Mortality of fourfinger threadfin

Mortality, %

13 100
14 100
15 0

AW S RIEMPIEC T (FI&) A
AR E(0.1%) ~ BEilH (0.3%) ~ #fEASR C (0.2%)
tlEER (1.7%) ~ #EA5R € (0.2%)+E(0.1%) A&t
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5 il o AREABESe o BILIGABE TR ERFEVURR S L 4
F > AR 14°C/K 25 min SEITESER
BHEABE - RERAN Figs. 2 K 3 For > #SREURFTH
NI ES RESE T DU RS NS RSB 52 7 (p <
0.01) » Hifiif 52 JIHRFF o3 IG5 18 ~ 55 ~ 64 ~ 68 J¢
59% > HEF AI{EEPIRR S MR (p<0.01); Hirpro
X LU ~ #A3% C ~ talie ~ #E4ER CHE &
Fil 4 RS VR INIC T SRR S PURR S AiEy
W RSB A TS A BRI I S I R
floHEA SR E AU -

100 -
y =7.03x - 109.68
2:
80 - R2=0.95
ES
> 60 A
=
o -
S 40
20 -
0 ; ; .
12 17 22 27 32

Time of 14°C cold-shock treatment, minute

Fig. 1 A graph depicting the mortality of fourfinger
threadfin (Eleutheronema tetradactylum) exposed to
14°C for 15, 20, 25, and 30 minutes (n = 10 for each
data).
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Fig. 2 Cumulative mortality of fourfinger threadfin
(Eleutheronema tetradactylum) fed
supplemented diets (i.e., vitamin E, choline, vitamin C,

nutrient-

tryptophan, and a mixture of vitamins C and E) for 4
weeks, followed by stress at 14°C for 25 minutes. The
data are displayed as the mean + standard deviation (n =
3). Different letters differ significantly (p < 0.05).
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Fig. 3  Percent weight gain of fourfinger threadfin

(Eleutheronema tetradactylum) fed nutrient-

supplemented diets (i.e., vitamin E, vitamin C, choline,
tryptophan, and a mixture of vitamin C and E) for 4 weeks,
followed by 25 minutes of stress at 14°C. The data are
displayed as the mean = standard deviation (n = 3).
Different letters differ significantly (p < 0.05).

3 AR ~ AR C AITLRg 3 e
BRI BIM TR EDRHLERVIRR S E 1~ 2 J 334
% > FLL 14°CIECE 25 min M1 @ B pR B A -
FEARAN Figs. 4 k¢ 5 FoR + (HEELAERS BEERVI 32
71 1ER 1 ERS IR R AR 2 R
R FelEE R HEA: 3R C IR IIH AR Ay 2 )
BRI EHRA (0 <0.05) » i B RS I el
SUMERRAE 72 5 GHE I ERAN R a3 1%
Fir TR 7 (A AN ERS Mili FEAE I I < S IR
f (p < 0.01) » BREESEZIN 52 TP 73 713 58
64 ~ 50 J2 55% ; ENERIIPVIE IR GBI E
W28 FERBURFTEURIREAE 1 - 3 ERR AN
fi] S DY i RS 0 P 94 B L B SR (p <
0.01) - 55 - iR TCIER - MEAESR C REMLER
3 HEERIVIREHGSEEA 14°C gkrh 25
min AQEGEE - FEH REFFIRERIL Lec > HIH M
BERE - RERBBS R AT ERREAR A
PRI R B P B B (R B N RS M 7
BRRZHMM (p<0.01) (Fig. 6)

i AR AR DIfiTe 5 FEr R (HIMEESR
E ~ igi ~ #4238 C ~ g ~ #EESR C+E 57
HIREEABTR RERVUR Gl 4 53 > g sl YRR RS
BN BRI 327 B IR > R AR A B
RO I3 55% L0 EHY 3 B ERR (AEAR C
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Mg ~ CUlRR) FRERVURRIGARL 1 - 358 FEREER
PRERIRRE 1 I > (et flR: > SRS By
M52 TGS HRASOR § AR E PRI ER 2 % - M
AR - B TENERR b AEESR C K]
TETH RS BN 32T+ FRfEiaR 3 Hk - Bk
fFeMEd R C - i L 3 RERRMER
HEFNER > B ATEE VU S SIS BHE i 527 -
FHASREUR 5 MEEESRAC TR AR L &
BRI T VYR RS O S BEE AT 52 77 31 4 S Rk
Eo
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Fig. 4 Cumulative mortality of fourfinger threadfin
(Eleutheronema  tetradactylum)  fed
supplemented diets (vitamin C, tryptophan, and

nutrient-

choline) for 1, 2, and 3 weeks, respectively, followed
by 25 minutes of stress at 14°C. The data are displayed
as the mean + standard deviation (n = 3). Different
letters differ significantly (p < 0.05).
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Fig. 5 (Eleutheronema

tetradactylum) fed a diet supplemented with vitamin C,

Fourfinger threadfin

tryptophan, and choline for 1, 2, and 3 weeks,
respectively. The data are displayed as the mean *
standard deviation (n = 3). Different letters differ
significantly (p < 0.05).
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Fig. 6  Plasma cortisol of fourfinger threadfin
(Eleutheronema  tetradactylum)  fed  nutrient-

supplemented diets (vitamin C, tryptophan, and
choline) for four weeks and then stressed at 14°C for
25 minutes. The data are expressed as a mean *
standard deviation (n = 4). Different letters have
statistically significant differences (p < 0.05).

BaDRe} HR Al 7 A [ (72 3 SR I S Dy RE 14
K BRISHEEIYI AR SRR S ~ R -
EHURESN  EAEREY BRI  CHEF2 5L
A o Ry — A PR 5 BE SCE ARG FRUBE A 2R ORI
(Olmos-Soto, 2015) « AKFE R EEIRIIY) - HEA
FEMAERR C~ HEAER E b 3 1 5 Hifte
F# C R/KiSMEHEAE SR - R TR A R TS
Yy AUk ES fa B0 I i F2 ¥ 52 (Thompson et al.,
1993) » HA:HE R 2 R 2 A AR E Y8
SAALTER] - BIRIEEEEA K (steroidogenesis) I
I om0 9% R # (Kitabchi, 1967; Blazer, 1992;
Khassafetal.,2003) ; Liuetal. (2008) #pEHEEE C
AAEfRRWIfE (Lelocassis longirostris) SEFAEEMN
&M EBUKNE © Imanpoor et al. (2017) HIFEHHEA:
F C 2—HARKRWERMAY » fJEEHA
(Cyprinuscarpio) HHIEER ~ AR ~ BB
HERCANINSZ ) « #4ER E RinatEifE e
TEMERFNE ~ S T AT IMBRE VA LAY TE 3 K HT
77 0 FetfERF AR A AL O LI 5 B M A AR Y
%33 (Halver, 2002) ; Montero et al. (2001) $5H
U #4232 E BRIHY<SIEER (Sparusaurata)
FCEE R R 18 1 B E A B B R M B
I 32 78 e A VIR, © Liu et al. (2014) 3EHE
Me 2 OE A AR & B UH &5 (Megalobrama
amblycephala) #i58EHERRYESE - W ATHIHIEE
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PR 5300 - Bl e — UK YATEREAE SR REl e
HESP S R R A e A B RE P L TR AR 0 T B
Gy ZEIEERFIPR - FTFREIERG A
b > BIAEEE R R TSI RS - SRS AR
TG WEINEPREIER - B ERERGRT - BYs e )]
(Dasetal.,2021) ; Michael and Koshio (2013, 2016)
OB B e RT EE T O B OB R (Marsupenaeus
japonicus) 4 B /K K R MR BRI 32 T 5
Shiu et al. (2014) J Yeh et al. (2015) thsr Rz
Bz v 27T B 4 5 (Epinephelus coioides)
KEEMEGBE (E. lanceolatus) ¥#f & 558 i 5%
03 o AW FE 0 I B G LR Ry B R - M BEFR AN
AT LA Ry B VB RUAH o FIRE YR - HLAE RS Al i
LR E B AEALTR Y E | BF 2T S AR
A BCH R EREE N 6 3% - g B e B AR
(Aragio et al., 2008; Costas et al., 2008) » H griyg
I G FEBRIFE K (Conceicdo et al., 2012)
Ib - TS T B P AR £ PR 2250 5 [EE Y BT AR
Bl (PR — AR IR (eI S
JEFEEEE e nT DA bR B A TR i -
THE-E R igEd (hypothalamus-pituitary-interrenal
axis) FFEGRIHIIMNIE (serotonin) - [ FRAVTE
PRERIM BB ER S B AR (Winberg and Lepage,
1998) ; Aragéo et al. (2008) J% Costas €t al. (2008)
S E AR RO T o By BRI
& N DIBIZER o3 B I ER KPS £ (Gadus
morhua) 7 X (Hoglund et al., 2005) FIELFAEE 10
K (Hseu etal., 2003) AJH %R fa Ay AH A R 2
VR 55 DIOIEIRI RN A 7 R -
ATPRAR FUC BIEK ~ il S B 208 - HHf R R

M BRI RE M B R K E B
HyfE R B — T B A RS AY S ORI - E POk
5 BRI BB BREEIRE > GRS AR 0.3%
fEiR~0.2% #EEFEC R 1.7% FfGFe a3 -
4 3 > BI] 2 Pk R SO BHEmIN 32 13 50%
PAE -

25 Rk
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ABSTRACT

In Taiwan, the fourfinger threadfin (Eleutheronema tetradactylum), which is not resistant to low temperatures
and is susceptible to dying from cold damage, is an important high-value farmed fish. Therefore, the purpose of
this study was to identify nutritional supplements that could improve the cold tolerance of the fourfinger threadfin.
Five nutrient supplements, including vitamin E, choline, vitamin C, tryptophan, and vitamin C+E complex, were
chosen and fed to the fourfinger threadfin for four weeks before the fish were subjected to cold stress (25 minutes
at 14°C). Compared to the control group, the results showed that the cold tolerance of fish increased by 18, 55, 64,
68, and 59%, respectively (p < 0.01). On the basis of the above results, three single nutrients, namely choline,
vitamin C, and tryptophan, were selected and fed to fish for 1, 2, and 3 weeks, respectively, before they were
challenged with cold stress. The results showed that the tolerance of the fish to cold stress did not differ between
all groups after feeding for 1 week; the choline and vitamin C supplemented groups were significantly better than
the control group (p < 0.05), but had no difference with the tryptophan supplemented group when fish was fed for
2 weeks; all the supplemented groups were significantly better than the control group (p < 0.01), and as compared
to the control group, In addition, the five nutritional supplements listed above can significantly increase fish weight

gain (p < 0.01). Choline, vitamin C, and tryptophan can effectively reduce fish blood cortisol levels.

Key words: cold stress, Eleutheronema tetradactylum, nutrients, cortisol
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