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Effects of Dietary Medicinal Plant By-products on Growth Performance,
Blood Biochemistry and Immune Responses of the Juvenile Red Lip
Mullet Liza haematocheila

Bong-Joo Lee’, Min-Gi Kim', Sang-Woo Hur, Seunghyung Lee', Jinhyeok Lee, Hyeon Jong Kim,
Yikyung Kim, Seunghan Lee* and Kang-Woong Kim*

Aquafeed Research Center, National Institute of Fisheries Science, Pohang 37517, Korea
'Department of Marine Bio-Materials & Aquaculture, Pukyong National University, Busan 48513, Korea

By-products produced from medicinal plants (MP) were evaluated as feed additives on growth performance, blood chem-
istry, and immune responses of the juvenile red lip mullet Liza haematocheila. A commercial diet was used as the control.
Four experimental diets were prepared by combining 0.5% of MPs such as Panax ginseng (PG), Schisandra chinensis
(SC), Angelica gigas (AG), and Rehmannia glutinosa (RG), via water absorption, to the control diet. Triplicate groups of
fish averaging 61.8 g were fed one of experimental diets to apparent satiation for 8 weeks. Dietary supplementation of MPs
did not affect the growth performance, biological indices and whole body composition of fish compared to the control. The
fish fed with AG diet had an increased weight gain, and specific growth rate compared to fish in SC group. Decreased level
of plasma glucose was observed in fish fed diet containing MPs. Lysozyme activity was significantly increased in the fish
fed AG diet compared to that of fish in PG group. These results indicate that dietary supplementation of Angelica gigas
may enhance growth performance and immune responses in juvenile red lip mullet.

Keywords: Red lip mullet, Medicinal plant, Additives, Angelica gigas

M E £ H7K(Luzzana et al., 2005; Jana et al., 2012; Gisbert et
al., 2016) ¥ W2 S $J35t Al H7HA| 7HEk(Jahangeer
o= FEA o7 E dllg= Y HpollA| Falo] 7hsshe, A et al., 2014; Akbary and Aminikhoei, 2018; Badran and Ali,
ol el Bl uA HH}E THo Aol FoF Sle  2021) 5 ket AL B gl
2 2UAEY ME R £ ofolth follk WA, Xl AT olfe] Al uolel i Aol ofF Kkl
Sat Gl SelLtelolA b mo] GPASe 2a St olR e opolRE muow Hasl] gl B BAAS
718 SRIOITE 202008 71202 ofA] MARES 8449% o] ALEEIo|ShOLE, AR T8-S GHAUA] LA, OFA] AR
7155120 H(KOSIS, 2020), =2 oot AR S7H2 HdA 99, @9 59 2AIE 7P ek A 7

;1o

O

$H 3840] oA olek. olelt Solo] 4l $24
o2 o3| HiFAE W 28 okA 972k 97 (Altunok and
Ozden, 2017; Talukdar et al., 2020), A& W Thal 2] $1= 9] o]

A v A slol) ioh 2011 sk o o3
P A2 AR ol Gl ol A 2 o
WEA 0T A GAA O] AL FolEA gk olr,

O

*Corresponding author: Tel: +82. 54.230.3635 Fax: +82.54.232.3697
Tel: +82.54.230.3600 Fax: +82.54.232.3697
E-mail address: seunghanlee@korea.kr; kangwoongkim@korea.kr
+Contributed equally.
This is an Open Access article distributed under the terms of
the Creative Commons Attribution Non-Commercial Licens
S (http://creativecommons.org/licenses/by-nc/3.0/) which permits

unrestricted non-commercial use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Copyright © 2021 The Korean Society of Fisheries and Aquatic Science

https://doi.org/10.5657/KFAS.2021.0411

Korean J Fish Aquat Sci 54(4), 411-417, August 2021

Received 29 June 2021; Revised 14 July 2021; Accepted 10 August 2021

AR A9: | BAHE(ATAD, WU (QIAATY), FAFLATA, ol 53
1), oA ARATY), AEFQALATY), Wl AQHAAT), ol 5
(AR, D7)

(=
3]
QT

pISSN:0374-8111, elSSN:2287-8815


mailto:seunghanlee@korea.kr
mailto:kangwoongkim@korea.kr
http://creativecommons.org/licenses/by
https://doi.org/10.5657/KFAS.2021.0411

412 o5 -
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Arstel g4l AAAIE Al 4 ol B
T7F =l A o 8= AL Qltk(Kim et al.,
2015; Yun et al., 2016; Bang et al., 2019). ’6‘], E’joﬂ Al OV\P
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812 AEHA, The 5& oAl We] fso] gl AoR
B ¥ 13 (Park et al., 2005), 20| XK Schisandra chinensis) =
SPALS}, 3kt 3Fot 9 o] @ vl(Park and Lee, 2017; Li et al.,
2018), 2d-7l(Angelica gigas)= FAet, ¥, FHS A%
(Jeong et al., 2015; Lee et al., 2015), A|SH(Rehmannia gluti-
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Table 1. Proximate composition (%, dry matter) of control diet and by-products produced from medicinal plants'

Control diet Panax ginseng Schisandra chinensis Angelica gigas  Rehmannia glutinosa
Moisture 6.88 3.36 2.63 3.64 3.37
Crude protein 41.55 7.77 10.56 12.97 16.2
Crude lipid 6.67 2.09 5.83 5.57 3.18
Ash 8.83 11.57 6.58 12.43 8.74

"Values are mean of triplicate.
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0]9] YRFFELS AOAC (2000) HHHol whe} BA% Q)
RS AUTHFEAER35°C, 2417, 2EHAS Auto
Kjeldahl System (VAP500T/TT125; C. Gerhardt GmbH &
Co. KG, C., Konigswinter, Germany) 2 A-AZFH(N X 6.25)
<& ARgste] A ELAL, 23S 550°CollA] 6417 F3F 3]
3} & =4 =ik 2248 224 2%7|(SER 148 Solvent
Extractors; Velp Scientifica™, Usmate Velate, Italy)E AME-3
of etherz &7t & S H e 2] ¥ 42 total protein,
glucose, cholesterol, triglyceride 42 $Jall AR AL, A
A 4] A3}ek B4 7] (clinical chemistry analyzer; Thermo
Fisher Scientific, Vantaa, Finland)& ©]-8-5}0] #| AL W5
dof| whet 24 = ek

Foly] W 9 gakst B 5491 lysozyme (LZM), im-
munoglobulin M (IgM), interleukin 1 beta (IL-1 beta), su-
peroxide dismutase (SOD), glutathione peroxidase (GPx)
= 24519 01, ELISA Kit (Mybiosource, USA) A=A}
Apglo] whet B4 E|olet Wl u gk} B4 Kit AR o
L3} Zt}: LZM ELISA Kit (MBS705758), IgM ELISA Kit
(MBS700823), IL-1beta ELISA Kit (MBS700230), SOD ELI-

SA Kit (MBS705758), GSH-PX ELISA Kit (MBS705700).
SAXZ

E 27 2] EAX 2= IBM SPSS 19 software packageS
-8-351%4 One-way ANOVA testS HAI5HA M, A&7
TE Y3 AREH A2 Duncan’s multiple range test i o 2
ko] B4 §o14:S ARAHP<0.D).
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Table 2. Growth performance and biological indices of the fish fed the experimental diets for 8 weeks'

Control Panax ginseng ~ Schisandra chinensis Angelica gigas Rehmannia glutinosa P-value
FBW? 82.8+0.9 81.1+4.0 79.8+0.7 86.2+2.6 84.3:2.0 0.051
WG? 33.945.7% 31.7+3.8% 28.0+5.8° 38.140.7° 37.643.5% 0.086
SGR* 0.52+0.08% 0.490.05% 0.44£0.08° 0.58+0.012 0.57+0.05° 0.073
Fls 61.442.8 61.0+4.3 59.5+3.3 61.8£1.9 60.612.6 0.911
FCR® 2.98+0.52 3.15£0.40 3.07+0.27 2.60£0.05 2.65£0.26 0.188
Survivall  96.2+4.4 99.0+1.6 99.5:0.8 100.0+0.0 99.5:0.8 0.266
CF® 0.88+0.01 0.890.02 0.90£0.02 0.93+0.04 0.93+0.04 0.347
VsPe 6.11£0.29 6.46£0.33 6.12+0.37 6.10£0.44 6.4240.17 0.503
HslI™ 1.54+0.06 1.57+0.19 1.44+0.09 1.500.27 1.42+0.17 0.785

"Values are mean of triplicate (mean+SD). Values in the same row having different superscript letter are significantly different (P<0.1).
The lack of superscript letter indicates no significant differences among treatments. ’FBW (final body weight, g/fish). *WG (weight gain,
%)=(final weight-initial weight)x100/initial weight. ‘SGR(Specific growth rate, %/day)=[(log, final weight-log_ initial weight)/days]. °FI
(feed intake, g/fish)=dry feed consumed (g)/fish. °FCR (feed conversion ratio)=dry feed intake/wet weight gain. "Survival (%).*CF (condi-
tion factor)=fish weightx100/total body length®. °VSI (viscerosomatic index, %)=100x(visceral weight/body weight). '°HSI (hepatosomatic

index, %)=100x(liver weight/body weight).

Table 3. Whole body composition (% of wet weight) of the fish fed experimental diets for 8 weeks!

Initial Control  Panax ginseng Schisandra chinensis Angelica gigas Rehmannia glutinosa P-value
Moisture 674  67.0£0.7 67.4+0.9 67.0+1.2 66.6+1.0 66.1+0.6 0.479
Crude protein 164  16.6+0.3 16.8+0.5 17.220.1 16.620.2 17.2+0.6 0.237
Crude lipid 1.8  11.7+1.7 11.6+1.0 11.5¢+1.4 12.4+1.0 12.0x1.1 0.911
Ash 3.38 3.26+0.42 3.02+0.24 3.45+0.04 3.31+0.22 3.47+0.26 0.307

Values are mean of triplicate (mean+SD). The lack of superscript letter indicates no significant differences among treatments.
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TollAl =B 66.1-67.4%, A 16.6-17.2%, 2A5 11.5-
12.4%, 3] 3.02-3.47% W= TI57ke] Zpo] 7k rehubA] ¢
QUTHP>0.1). o] -] HA-FATpol| A= & APt FARHA A=
W FARSHA 24 theket Alefel M7 S Al o] 7o AE
& E= ARl Aol & HolA]| gerhal HAlE e (Cho and
Lee, 2012; Yun et al., 2016). o]@H= sk & { 2] 7)o AFR U
At FAREE 0.5% 02 3 A4S, iR Hop 4
9 AR ago] gaskeE Ae® YeGt(Choi et al., 2010).
2 Ao A= A= AR 0.5% o S H S AT,
Theol] A%, AEAE D AR IS A g AL
= e,

o0]0] BoyslA KA ATHE Table 40 LrER9ict. Total
protein, cholesterol ¥ triglycerider= & A7 524
ol zFo]7} S19THP>0.1). 1&fu} glucose e kR AIE B
theS 7R BE AgtolA] tix- Kok of 28) o4 7
238 402 YEPGTHP<0.1). Yutzog ojFo] FolAjA)
& & FA=ol| et st W A7) A= ARS-FITH(Lee et
al.,2003; Min et al., 2006). Glucose+= A WollA FAA &
Ao DAt o LR Yo & AREE =, 25 R=of| 25 Y&
HA Hh-0.2 FE|Fo] ZH|H 1L, o] F AT S friest
o] ZE|EY} dfo| $hA F71skctal B3 E I TH(Munck et al.,
1984; Kim et al.,2010). o 75 tJA} S 2 3 o| A At AT} of| 4]
£ 50 317 Al YA12] Eo] 271519 (Kim et al., 2010),
o wslo ofe) Hatulote] FE|ST} Frbo] Eut A5
©1(Chang and Hur, 1999), 35 20| 2J3|| 40]9] grfo]
Z7HAhn et al,, 2013)5H= A 0 & B E Qo) 2 AL uto|

A oF82ES AT ddole] E9o] 34-45 mg/dL W9
£ 19l uhd, 27 93.5 my/dLE &7 YRt o|2et
ks A FRAHANA & 3Pl o7t AEH A FF
2 e, AR oFgAtEo] Thsol o 2R A A B
& Aol ot AL R ArEAL: ofof AR A+

17} defajotol Al HE Q=] QlihE M7 Al E 3
o A%, AT Beh B A7 ke 202 et
(Hwang et al., 1999). H ]| A= ALY o14F HAFES- 0.5%
FFo 2 33 Ay, A glucose Y triglyceride $HF2 W
11, lysozyme ZA2 ol A2 B E K Choi et al.,
2010). up-$-A A g of| A = ginseonside E G| o FEES
ol A7 FoA AL FEeke Wl @9 A7 A
St A1E B Yo (Lee et al., 2008; Jeong et al., 2015).
7heo1o] EA W] W HAke} 24 A 3h= Table 50 UrEd
Ytk LZM 46.6-71.2 ng/mL, IgM 0.77-1.69 pg/mL, IL-1
beta 4.54-5.85 pg/mL, SOD 3.04-3.84 U/mL, GPx 1,298-
1,481 ng/mL 9|2 YEpyiT 2 oA oF8-2HE 7t
MRS Thsolol ad A5 t2T Hot B 5o] 4] HeE
4 ksl 244S =Y e flslth 21U AlRe S
A7Fe A9 it Hop foj8 o g 2 LZM 342 Bl
(P<0.1). o]&} ARG A2 T 7} FA NS0l A HALE Y=
o, QI ol FEE2 A=l 0.01-0.03%= H7Fe 7,
ol R0 4%, AR ES, A2A, BOAL MRty U Yersinia
ruckeri Q1913F A0l &J gt S-Sl obFH kS A &
Sfth(Bulfon et al., 2017). 2L} Y5 A ES A 2 5F
Aol A= QA emAL, A8E Abwoll H7Fe B9, Al %

Table 4. Blood chemistry of the fish fed the experimental diets for 8 weeks!

Control Panax ginseng  Schisandra chinensis  Angelica gigas ~ Rehmannia glutinosa P-value
Total protein (g/dL) 4.05+0.34 4.43+0.29 3.9240.58 4.13+0.25 4.12+0.13 0.531
Glucose (mg/dL) 93.5+18.42 40.0+5.2° 33.943.8° 38.2+7.6° 44.7+12.6° 0.000
Cholesterol (mg/dL) 545£16 50163 534+21 535+32 552+13 0.469
Triglyceride (mg/dL) 470124 360+62 425158 432462 420458 0.259

"Values are mean of triplicate (mean+SD). Values in the same row having different superscript letter are significantly different (P<0.1). The

lack of superscript letter indicates no significant differences among treatments.

Table 5. Hematological immune responses and antioxidant activities of the fish fed the experimental diets for 8 weeks'

Control Panax ginseng Schisandra chinensis Angelica gigas ~ Rehmannia glutinosa P-value
Lzm2 57.949.8% 46.617.8° 61.5+8.1% 71.2£9.9° 51.9+3.5% 0.035
IgMm?® 0.88+0.14 0.77+0.05 1.08+0.53 0.84+0.10 1.69+0.89 0.183
IL-1beta* 5.10£1.16 4.54+0.96 4.67+0.04 4.77+0.99 5.85+1.61 0.658
SOD® 3.84+0.12 3.1940.66 3.63+£1.17 3.69+0.39 3.04£0.47 0.687
GPx® 1,298+281 1,481+491 1,408+397 1,369+200 1,350+237 0.977

'Values are mean of triplicate (mean+SD). Values in the same row having different superscript letter are significantly different (P<0.1). The

lack of superscript letter indicates no significant differences among treatments. *Lysozyme (ng/mL). *Immunoglobulin M (ug/mL). “Inter-
leukin 1 beta (pg/mL). *Superoxide dismutase (U/mL). *Glutathion peroxidase (ng/mL).
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pI)

43t 1o S-S ol oFe| At HALE Q). 14t e
o thFFE At AL W 0.4% SEo = 78] 35
3+ A3}, of7}n] 9] acid phosphatase, alkaline phosphatase, ©F
7k 9 7H2] SOD, GPx &/ =0]aL, op7hv| & 7+
9] cytosolic SOD, catalase, GPx ¥ mRNA Ha =S =
77 5 AEEA Rl MBS AT = A o= UEy
TH(Liu et al., 2011). 20]R}o| A F&3F RS A=Y 500
mg/kg H7Iske] ool A Fast Axh, AHAY WagdE 5
7}A1711L, Aeromonas hydrophila Q17 A ol tfsh Aol A&
B 2.1%7HA] Eol= Z o2 YERFTH Wang et al., 2016).
A g RS dol AR 0.25-1 ppm o2 3 A9,
IL-10, TGF-B, LZM -] H A2} thof5t At ano| &
4 S7HA17131(Feng et al,, 2020), o] A n= &
= HSPA[A WA o] SR A o2 7| ofet= A 2 = LT
(Chang et al., 2018). EESH |82 &, AR L= 3254
B2 H7tste] Jolof sad A9, R ™ 2 7t sk
of whehA FAIE, M 2 HUA Aol i BEE 5
o] Tk LebitthWang et al, 2015). o] Al QL4 2m)4t,
A gl tiek oFe] A vt of FHEE OFEAE HRl(H, oL &
7, FE(EE, AxE, F55) ¥ A7 s=ol gebs t=2A
UL, & dtoA s 2R 7ol tde R Aol
gt Hgdo] F7eke AaE Btk &, A=W 0.5% 3
ZHAL QA AR LZM 845 oA o R wols Zle s
LFEFSLTE o] oF FAFSHA 214t A 7bol| o7t LZM B4 F7te,
|z 9 Eetulolo) Aut B 1% I t(Hwang et al., 1999; Choi
etal., 2010).

oo A= Tk, B Aol AHEH 459 oFgAES

T, TARES] Aol M whebA T oA oA YER

L 0% Roln], B3] OFAE HANESI 9, 2719 39 7]
2] ol We) % 258 vlsto] oFgETp YR O R T

oA Ao whetETt 2 AtollA= AW QA A
A L AE AR 37Ysto] ZThgolo] 35 A9 44,
AEA 3, A2 Htel] FaFS A e, A Al
otz 5 glucose s 2A8H= 208 HAlth 53],
F3e ohe oFg2rEol Hisl 7Hso] o A 2 S
Eole A Btk A7HI= LS A9 iAoz v
b7t E 7o) 7hesk7] el g-ol-&- 7= 9] 7
7FsAdo] §l& A o= wetET

Al AL

o] =B 20201\U%E FYSAStY AR ATLAY
(R2021016)9] A|¥o= =3 % AFc},
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