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Effects of Dietary Supplementation of Green Pigment Sources on the
Growth and Pigment Contents of Semisulcospira coreana

Ji-Hoon Park, Esther Kim!, Seong-Mok Jeong!, Sang-Guan You? and Sang-Min Lee'*

Research and Development Department, Ssuhyupfeed, Uiryeong 52159, Korea
"Department of Marine Biotechnology, Gangneung-Wonju National University, Gangneung 25457, Korea
“Department of Marine Food Science and Technology, Gangneung-Wonju National University, Gangneung 25457, Korea

Three separate feeding trials were performed to evaluate the dietary inclusion of pigments on growth and pigmenta-
tion of Semisulcospira coreana. In the first trial (Exp-1), snails (80 mg/snail) were fed diets containing green laver
Enteromorpha intestinalis, seaweed fulvescens Capsosiphon fulvescens, chlorella Chlorella vulgaris, green tea, mug-
wort, kale, broccoli, sea tangle, dried laver Pyropia yezoensis, a synthetic edible dye, and a diet containing no pig-
ment (control) for 12 weeks. Results showed that dietary treatments had no significant effects on growth performance.
However, total chlorophyll and chlorophyll a contents of the snail’s edible portion were markedly affected and the
highest values were found in snails fed green laver. In the second (Exp-2) and third (Exp-3) experiments, the effect of
green laver and chlorella were examined in diets for relatively smaller (35 mg/snail) and bigger (139 mg/snail) snails
than those examined in the Exp-1, respectively. Feeding the bigger snails with chlorella significantly enhanced their
growth rates compared to control group. Total chlorophyll and chlorophyll a contents of the edible portions of snails
were significantly increased by dietary chlorella supplementation. These findings suggest that dietary green laver or
chlorella could improve the pigmentation of S. coreana without any adverse effects on growth.
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37& Aokslo] AR, AXE Al = -24'C YFalo &

B ARGk,
CHE7| Al & 22
A AR AHgE

Yesan, Korea)ol|A] AJAHH
A2 2lete] AJFARE |
Zith.

Ao 12 g oz it a7 AM(d9 AR Bt A
< 80 mg)E 5 22719 60 L ARz-efs=0l| 2t =20ttt 100
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A AR AFSE BE A Q@i A|FoA] Al R 7t = 1€ 13)(13:00 hy gt om, Al 35 & AT 3d=
W] 9 AES TLujshe] ALEBFeITh 1217 Zeksto] the 7| o] bR A 27} M SHE R Stk ALY
AgArEe) UE, SMPE U chlorophyll T Table 5 SHOIIAE ol SO, A8SLe &5 2
29} 30]) Zhzt L]"ﬂ"’H o}, = th R 9o ;517140]01 A& ol-gsto] Fat 4~20] 21 C7} Heg 2SI Al &
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sho] ALestelTh _'5\_%]_ 2 27bo) w2 AR 7FAE chlo- TAIAF] Yof] REJE ARSg= mi Y H55ho] 31Tk
rophyll 92| Hahs 2Alel7] 9l5to] H27 3F[E=Ht A SN U MEEM
(Chrlorella vulgaris, .CH), u}2}( Enteromorpha mstesl;lfahs, Al ZHe A8 AR 24 24 el AT B
GL), wlj*§o](Capsosiphon fulvescens, SF), ZZ& 15 [t} . - c
Alul(sea tangle, ST), SAAE 4% [5*H(green tea, GT), & 2 Aol w88 ve7] WA AS SAsH. Al
e ’ ’ B0 osle] AMOEH mE 7 7+e 3 & 71Al
(mugwort, MW), 7Y (kale, KA), H 2Z&](broccoli, BR)] U = T]o}o:] s _E whe719] S AT & 71
BE dyszEz Bystel Bajetgon, 7R djztol
Table 1. Nutrient composition of the tested pigment sources
Piament sources Crude protein Crude lipid Ash Total chlorophyll  Chlorophyll a
9 (%, DM) (%, DM) (%, DM) (ug/mL) (ug/mL)
Enteromorpha intestibalis powder 38.6 0.2 10.6 17.8 8.8
Capsosiphon fulvescens powder 29.5 0.7 35.6 25.2 8.8
Chilorella vulgaris powder 55.2 0.4 59 234 8.3
Green tea powder 18.3 49 5.8 22.6 8.1
Mugwort powder 9.4 22 7.4 234 8.3
Kale powder 211 2.6 15.3 30.1 10.9
Broccoli powder 17.9 3.3 14.5 259 8.5
Sea tangle powder 10.5 0.7 25.2 21 0.7
Pyropia yezoensis powder 35.8 0.2 8.5 22.0 10.5
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Table 2. Formulation and ingredient contents of the experimental diets

Diets

Ingredients (%)

Con ED GL SF CH GT MW KA BR ST DL
Mackerel meal' 100 100 100 100 100 100 100 100 100 10.0 10.0
Soybean meal 300 300 200 250 150 250 250 250 250 30.0 20.0
Wheat gluten meal 100 100 100 100 100 100 100 100 100 10.0 10.0
Wheat flour 400 380 300 250 370 250 250 250 250 200 300
Soybean+linseed oil 5.0 5.0 5.0 5.0 3.0 5.0 5.0 5.0 5.0 5.0 5.0
Edible dye (green) 2.0
Enteromorpha intestinalis powder 20.0
Capsosiphon fulvescens powder 20.0
Chlorella vulgaris powder 20.0
Green tea powder 20.0
Mugwort powder 20.0
Kale powder 20.0
Broccoli powder 20.0
Sea tangle powder 20.0
Pyropia yezoensis powder 20.0
Vitamin premix? 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Mineral premix® 25 25 25 25 25 25 25 25 25 25 25
Vitamin C (Stay-C) 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Vitamin E (25%) 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Choline (50%) 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

'Mackerel meal from Chile supplied by Suhyupfeed. *Vitamin mix contained the following amount which were diluted in cellulose (g/kg
mix): DL-a-tocopheryl acetate, 20; thiamin hydrochloride, 5; riboflavin, 8; pyridoxine hydrochloride, 2; nicin, 40; Ca-D-pantothenate, 12;
myo-inositol, 200; D-biotin, 0.4; folic acid (98%), 1.5; p-aminobenjoic acid, 20; menadione, 4; retinyl acetate, 1.5; cholecalciferol, 0.003;
cyanocobalamin, 0.003. *Mineral mix contained the following ingredients (g/kg mix): NaCl, 10, MgSO,-7H,0, 150; NaH,PO,-2H,0, 250;
KH,PO,, 320; CaH, (PO,),"H,0, 200; Ferriccitrate, 25; ZnSO,-7H,0, 4; Ca-lactate, 38.5; CuCl, 0.3; AICL,-6H,0, 0.15; KIO,, 0.03; Na,S-
€,0,,0.01; MnSO,-H,0,2; CoCl,-6H,0, 0.1-Con, control; ED, edible dye; GL, Enteromorpha intestinalis, SF, Capsosiphon fulvescens; CH,
Chlorella vulgaris; GT, green tea; MW, mugwort; KA, kale; BR, broccoli; ST, sea tangle; DL, Pyropia yezoensis.

Table 3. Proximate composition and chlorophyll content of the experimental diets

Diets Crude protein (%, DM)  Crude lipid (%, DM) Ash (%, DM) Total chlorophyll (ug/mL) Chlorophyll a (ug/mL)
Con 385 8.0 8.0 1.0 0.4
ED 38.2 7.2 74 3.3 0.5
GL 36.5 6.7 10.1 3.8 2.9
SF 38.2 6.3 13.6 10.3 6.5
CH 404 6.4 6.8 15.1 9.5
GT 36.9 8.0 7.8 8.2 4.7
MW 35.4 6.6 8.3 8.2 3.4
KA 37.2 71 9.5 3.0 2.6
BR 371 7.3 94 46 3.4
ST 35.7 7.4 12.5 1.3 1.1
DL 47.7 10.2 11.3 15.1 6.7

Con, control; ED, edible dye; GL, Enteromorpha intestinalis, SF, Capsosiphon fulvescens; CH, Chlorella vulgaris; GT, green tea; MW,
mugwort; KA, kale; BR, broccoli; ST, sea tangle; DL, Pyropia yezoensis.
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ot Zooad Mol BAg oz AR A o th52] 45 ©]-8-31°] chlorophyll % carotenoids &4 =
HALE Y] UHHAEL AOAC (1995)2] HHof| whe} ezl A5k},
(N x6.25)2 auto Kjeldahl system (Buchi B-324/435/412,

Switzerland; Metrohm 8-719/806, Swizerland)E A5} Chlorophyll a (ug/mL)=12.25A -2.79A ¢
451, ZALL etherE AME3Io] FE31% oY, &
% IOSOC dry ovenoﬂ/ﬂ 6/\12_]' 7‘:1}_ _-(?: é_zé]_é_]_eitl_ z3 ‘ﬂu‘_‘g‘_ Chlorophyllb(ug/mL)=2150A648—510A664

600°C 3|3t oA 4X]7F 53T B & S5t

AR 104 Madm, AdAtE 9 t&7] 7HA59] chloro-
phyll =& 9 =42 Hiscox and Israelstram (1979)2] W&
0|83} t}. Dimethyl sulfoxide (DMSO)E F+& &1l 2 o]-&-

Total chlorophyll (ng/mL)= Chlorophyll a+Chlorophyll b

Carotenoids (ug/mL)=(1000A, -1.82chl a-85.02¢hl b)/198

stRleH, Alfl¥o] DMSO 10 mLE B8 & A2, AY E7 B2
AR W The7] 7R 0.1 g& S5l ATl 9L, 65°C
2719] 3-2.7] 0| A 8A17H59F chlorophylle Z=&31%.0om, = Axte] FA A 2]= SPSS Version 25.0 (SPSS Inc, Chicago
oo B A|(V-550, Jasco, Japan)S AR&-51o] 645 nm IL, USA)& AR8-3t9] One-way ANOVA-tests AR %,
9} 663 nme] Aol A TR EE A 5)0] the-o] AL 0] 8F Duncan’s multiple range test (Duncan, 1955)2 H+7F2] £-2]
o] chlorophyll %3 =43} tHAmon, 1949; Mackinney, (P<0.05)& HA3HA.
1941). )

Za W 2%

Chlorophyll a (ng/mL)=(12.7A,-2.69A )

A9 1 (AFHA] Bt A% 80 mg)oll A k&7 A uE 125
Total Chlorophyll (ug/mL)=(8.02A ,+20.20A ) ZF AR S AT Jobs 7|9 2E AlFS 13 g-23 g/tank 2] H
912 BE HY 7kl £:91421 o)z} GgIthP=0.05). A1
2 (M2HA] ot Al 35 mg)oll A Hthe7]E 8571 AR 2
H(Table 4), AEE W 4% BIH= Az A2 H7ho] T o

Al 2 9 Al 39] th& 7| 7 chlorophyll & 2
72 Chappelle et al. (1992)2] WS- o] 8-atic). A3l

N\

DMSO 10 mL& €2 5 t4&7] 7HAR 0.5 g2 S 5ko] A3 RS WkZ] OFQITH(P>0.05). A% 3 (AZHA] Ha A% 139 mg)
Fhofl ¥z, 30°C 2719] gh27]of| 4] 48A|7H&<t chlorophyll& oA Hh&71E 857 ARS3E Z3N(Table 5), A4S A& W)
FE3I9h FEN2 2337 (Lambda 3B, Perkin Elmer, A4 918 27} wp2 Joks wiokth th&7]9] 2 By

USA)E AHE-s1e] 470, 648 % 664 nmol| A SF=E S5} (final weight), A% Z7Hweight gain) @ U7 (specific

Table 4. Growth performance of the Semisulcospira coreana fed the experimental diets for 8 weeks (Exp-2)

Diets Final weight (mg/snail) Weight gain (mg/snail) SGR (%/day)’ Survival (%)
Con 79.2746.44" 44.1516.07" 1.450.13" 68.2+1.9m
GL 97.45+6.00 63.0147.31 1.8610.18 74.415.6
CH 85.22+12.66 49.91+11.72 1.55+0.22 62.6+13.8

Values (mean+SE of two replicate) in the same column not sharing a common superscript are significantly different (P<0.05). 'SGR (specific
growth rate, %)=[(In(Wf)-In(Wi))/days of feeding]x 100, where In(Wf)=natural log of the final mean weight of snail and In(Wi)=natural log
of the initial mean weight of snail. *Not significant (P>0.05). Con, Control; GL, Enteromorpha intestinalis, CH, Chlorella vulgaris.

Table 5. Growth performance of the Semisulcospira coreana fed the experimental diets for 8 weeks (Exp-3)

Diets Final weight (mg/snail) Weight gain (mg/snail) SGR (%/day)’ Survival (%)
Con 267.108.70° 129.60+10.79° 1.19£0.09° 66.5£2.5™
GL 351.75+21.75%® 212.98+26.48» 1.66+0.172° 57.545.5
CH 405.40+31.70° 263.30+30.75° 1.87+0.13° 50.5£1.5

Values (mean+SE of two replicate) in the same column not sharing a common superscript are significantly different (P<0.05). 'SGR (specific
growth rate, %)=[(In (Wf)-In (Wi))/days of feeding]x100, where In (Wf)=natural log of the final mean weight of snail and In(Wi)=natural
log of the initial mean weight of snail. *Not significant (P>0.05). Con, Control; GL, Enteromorpha intestinalis; CH, Chlorella vulgaris.
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growth rate, SGR) 22 & &K Chlorella vulgaris, CH) 7}
A7} g 2R F-9] A 0 & =9F0 5(P<0.05), Tt (En-
teromorpha intestinalis, GL) 7}-2}= Zfol7} giolct 22
k= fAkE A3 221 E2 21 CGF (chlorella growth factor)
gk ol et Ak 2R, S 4] oA T 2 A gA
E2S 3¢5}l 913 (Shibata et al., 2003; Shim et al., 2008;),
el F714, vlEhle] S-45-517] wjEol(Hong et al., 1991;
Lim, 2008) & Aol Al th&7] Aol 58 4¢ 932 = A

Table 6. Chlorophyll content of the edible portion of the Semisul-
cospira coreana fed the experimental diets for 12 weeks (Exp-1)

Diets Total chlorophyll (ug/mL)  Chlorophyll a (ug/mL)
Con 1.45+0.09¢ 0.47+0.05°
ED 0.70+0.08 0.2140.04>
GL 2.4610.08° 0.83£0.05f
SF 0.44+0.013° 0.09£0.02a
CH 0.47+0.073° 0.13£0.04akc
GT 1.14£0.15¢ 0.3540.07%
MW 0.19+0.022 0.04£0.012
KA 0.7840.05° 0.2410.03
BR 0.35£0.02% 0.08+0.012
ST 0.18£0.092 0.04£0.032
DL 1.3110.27¢ 0.39£0.09°

Values (mean+SE of two replicate) in the same column not sharing
a common superscript are significantly different (P<0.05). Con,
control; ED, edible dye; GL, Enteromorpha intestinalis; SF, Cap-
sosiphon fulvescens, CH, Chlorella vulgaris; GT, green tea; MW,
mugwort; KA, kale; BR, broccoli; ST, sea tangle; DL, Pyropia
yezoensis.

o2 Wl bR o) 22 eteluke) 2 22k H/k5HA gibel
carp (Wei X et al., 2014)2} 20](Jeong et al., 2004)2] A#}o]
Mg ehs Ayprh B v e, 224 9 apefl= A4 5w
F Aol 487} ol 2] Alme] kel Wl e 33 5 2714
2 33 Fto] 23 9 F4& A4S o)k, A% U
A=) A2 £2 cellulose® 5] o] glom, o]= &
X THR2 Bl d-glycosidic 202 ol oj2l AEA| AE
Hol £ g LR O 7 W T Qlti(Saha et al., 2006; Nishida
etal., 2007; Park et al., 2012). Cellulose 7}=5-3f] £4~91 cel-
lulase= S0} ket QA EE| 2ahHio] £A5ts A
o= defA ek

1 olo) Anz Aol A4 2rdet u wels gk
= W H7ksks Aol t&7] 44 7ol 342 %l dks
A Ao Bere). ShAg Mg 87 9 ol o) Al 5
ol wke} ALR H71A| 2] o -40] TFE 4= 9171 (Lindsay etal.
1984; Shiau and Yu, 1999), S22z} 4 Ftefjo] tjsl th&7]
o] Y& o] gAoll = F7HAI Q1 AdAlRE A7t a st

A9 18] ok&7] A9 7FA R chlorophyll 3HF #4 A}
£ Table 69 YEFRITE Total chlorophyll =¥} chloro-
phyll a §HFS AR A4 QRo| Fiol BE e Wi
Total chlorophyll &2 0.18-2.46 pg/mL <==O 2 el
o, 0] % TN(GL) H7H BT} 246 ngimL o2 THE A}
Ftol vlsl folH o R =2 AughS vl gl (P<0.05).
Chlorophyll a 32 0.04-0.83 pg/mLe| &0 & eSS
o, (GL) 7t AR} The Aol vjs) fojoz
& A EAITHP<0.05). A1 29 47 39 ok
7] 29| 7}A1%- chlorophyll X carotenoids $FF E-4] A5
22t Table 7 9 89 LeRH9ick. Aw2e] 2rksy] Als) 744
- total chlorophyll ¥ chlorophyll a g=F2 S242HCH) %

Table 7. Chlorophyll and carotenoid contents of the Semisulcospira coreana fed the experimental diets for 8weeks (Exp-2)

Diets Chlorophyll a (ug/mL) Chlorophyll b (ug/mL) Total chlorophyll (ug/mL) Carotenoids (ug/mL)
Con 0.48+0.002 0.82+0.02" 1.30+0.022 0.0840.012
GL 0.4840.032 0.85+0.04 1.330.07° 0.11£0.012°
CH 0.75£0.01° 0.81+0.02 1.55+0.02° 0.15£0.02°

Values (mean+SE of three replicate) in the same column not sharing a common superscript are significantly different (P<0.05). "Not signifi-
cant (P>0.05). Con, Control; GL, Enteromorpha intestinalis, CH, Chlorella vulgaris.

Table 8. Chlorophyll and carotenoid contents of the edible portion of the Semisulcospira coreana fed the experimental diets for 8 weeks

(Exp-3)

Diets Chlorophyll a (ug/mL) Chlorophyll b (ug/mL) Total chlorophyll (ug/mL) Carotenoids (ug/mL)
Con 0.47+0.00° 0.81£0.01" 1.28x0.01° 0.09+0.002

GL 0.44£0.012 0.86+0.03 1.31+0.04° 0.07+0.002

CH 0.75+0.00° 0.82+0.03 1.56+0.03° 0.15£0.01°

Values (mean+£SE of three replicate) in the same column not sharing a common superscript are significantly different (P<0.05). *Not signifi-
cant (P>0.05). Con, Control; GL, Enteromorpha intestinalis, CH, Chlorella vulgaris.
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7 49177} ol27(Con) W SH(GL) H7t AT $0)
20 & 122 7h8 UERITHP<0.05). A§39] 2hs7] 7HaR
9] total chlorophyll, chlorophyll a ¥ carotenoids &2 &
2EHCH) 47 977 2 7(Con) B THI(GL) 2744
FTET A O R 2 ke YERITHP<0.05). & A9
717} ohE o ko 2 o AL ALY ATelA] FhAR
chlorophyll o] Addef wpe} H3} ool th=7 vehtal
9lo], o]ofl that AbMIEE A E 7L B @ 8}c} HE(Lee et al., 1998;
Lim and Lee, 2003; Cho et al., 2006; Ju et al., 2017) 2 4|2
(Kim et al., 20062 thA-0 2 g 7|29] 1ol 4] of3|] Al
o] Ab Alzzoll QRS WA, b= o] Alav) ofA] 9 ozt
A FAdel FRES mIAIA] skthe At A RE Hars o] gtk
(Lee and Lee, 2008). o] 2]t Aa}Zof| A UpelLh= 2fo] S 25
Bl S# 0= dels R, of 72 A4 Hete] Y= n|A=
29102 AL R0 F5, LR 249 2], of7|27]of
£ 212 o84 9 A8 o] st Sol Lo, ofela Aol 2
8l AFz29] Al o] g 40| T2k 91 4 1S AR Pk
o} E3E Aol ARSE k&9 ofn] tf o] anf Afo]= <l
T 970490 QI A1 Ajo] L vl 4 9l Ao
Hlc}, 1 1ol M AHEEL A3e] ofu| 7} ofAle.2 AlkEl 7
QAUA], AFAo A A ik A 1A of] wheh 7 2 Q1 8.9l 2sf 7+
A2 chlorophyll o] et 4= 9101 2 o] that 2 4
Mgt H5-7F a5t FTh

ol4fe] AnE TefE o), ris7| Wil R W) 2mde} v
T}l A7he AR A kIR b AT A% 9
7}A1 5 chlorophyll §Heko] 943}l t), 3t =2 ol Lol 4] A A]
3 fEhR ) ol84 e AdHoR Hrlel] SleiAl thed
3 278 2% ARolAL) A% o] WAE ofof 3 Ao
2 JetEoh

Al AL

2 G SfpAE QYo g shsgel x5 A
A7)t 4] 71eES gk Al A 7157 A
2704, 20160332) 2.2 AF-ESoH, o]of] ZIAEHUTLE T
gk t71E Alssllal Atke At A= dis ez A=

Huet.
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