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Supplemental Effects of Dietary Phosphorus on the Growth, Feed Uti-
lization, Blood Parameters and Mineral Composition of the Bodies of
Juvenile Olive Flounders Paralichthys olivaceus

Tae-Hyun Yoon, Chorong Lee!, Ji-Hoon Cha', Joo-Min Kim, Seung-Jun Shin, Kyeong-Jun Lee' and
Jeong-Dae Kim*

College of Animal Life Sciences, Kangwon National University, Chuncheon 24341, Korea
'Department of Marine Life Sciences, Jeju National University, Jeju 63243, Korea

A feeding trial was conducted to investigate the effects of supplementation with four phosphorus (P) additives [mono-
calcium phosphate (MCP), dicalcium phosphate (DCP), tricalcium phosphate (TCP) and magnesium hydrogen phos-
phate (MHP)] on the growth, feed utilization and whole body mineral composition of juvenile olive flounders Parali-
chthys olivaceus. A basal diet without P supplementation was prepared as a negative control and four supplemental
P sources were added at a level of 2%. Triplicate groups of fish (initial mean body weight 11 g) were fed one of the
experimental diets to apparent satiation twice a day, at 08:30 and 18:00 for 10 weeks. The final body weights of fish
fed the experimental diets ranged from 29.4 g (DCP) to 34.2 g (MCP) and did not differ significantly (P>0.05) among
treatments. Similar tendencies were found for all parameters including weight gain (%), specific growth rate (SGR),
feed conversion ratio (FCR), protein efficiency ratio (PER), feed intake (FI) and survival rate (SR). The hematocrit
(%), hemoglobin (g/dL), serum inorganic P and whole body mineral composition did not differ significantly different
(P>0.05) among the treatments. Therefore, dietary P addition is not necessary for juvenile olive flounder fed a fish
meal-based diet.
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o] & ¢l Uk og oJolAkz<3(monocalcium phosphate,

MCP), o] 214EZF¢(dicalcium phosphate, DCP) = AFQ1IAEDY

QI(P)S SEoluL} AlEo] A MA] 111 77t TeEE A % (tricalcium phosphate, TCP)2} 2+ 0] ZA)| 7} S-AHs o]
ARl WA SIS S5 B dokae R BAl & opySEe] HH ARE 919 BB Ase] /b
oA 279 S FAete] pEHS Fddte YAt deu Al EEE ofy 2k 7= ¢l FEAI ¢l ol 8
CHAuer et al., 1986). 0|29} 7+e of @] 425 AWAE 34 3k o)W R t}2 7] gjol(Yoon et al.,, 2014; 2015; 2016) 2|
FEEY S F5T 5 o, '@t 3H—T—1H 1o S RS AL SAlo] $ELHE E017] HsliAe AR

0.02-0.6 mg/L2 A2 ZA5h T4
(Lall, 1991) 0;44%54 Ao s & H o, }\}8.1—01%_
o] 9 L 030)4 0.9%= olFo] w4z 2o]2

o]l Jl=TI(NRC, 2011), Abmwo] o7 919 o]-84 XP

Ul & <l(total phosphorus) 35S tiAHEE2] ¢l @ 415F &
0 & 7k g A AT 4= Q%5 dfjof gth(Yoon et al.,
2017). x| (Paralichthys olivaceus)= 3+=-2] T3 sfjAtofA]
o] F02 20164 41,636E0] AALE|o] M| SAIFA 0] F AY
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AFEF] 51.9%2 22 8FATHKOSIS, 2017). 1L} Y 2] A4
o] AR AR 251,652 & 92%= AALR 7} AR5k =],
o] HIFAIR R FhAFS 79 oF 70,00089] 0] 5 F o2 7
EItH(Kim, 2017). Choi et al. 2005y A1 415 4 go] Y|
5 6 WP AR R ARt Z[o el Hasdt el ate
0] 0.45-0.57%2}1 K a3 W24 wighRs onkzo
o] B glefo] 50-70% S0 & E7] wjEol(Kim, 2014), o]
B U 9l et et ate F 2 Rk et e 2v)
ol ZtstA ek 2y AF7HA] G o) 23t o 2] ARA
= U 2l o] 84l Tt A R (oks W ozt <l
SaAY ML dx1e gAEe nlAe G EoE 2AME A
okolet. whaba] B At AR O FAFSHA| o] -2 55% T
Fohs FAIARR W olg] 1l 3] W7 dA o) s,
AT L HolA sty 24 W FEY 24 A= Y

& 2ARFILA 5= ek
ME U

NS ES

2 tol| dhigt AEA R 7
=9l o 59
FAZE A7FE A ke F371H(control)2} MCP (monocal-
cium phosphate), DCP (dicalcium phosphate), TCP (tricalcium
phosphate) “12]31 SR04 &3 =2 ¢ Tl
MHP (magnesium hydrogen phosphate, MgHPO )& 7 2%
2 H7HKim et al., 1998)3t 47) A7}z & 5208 745
ik, Azl A YsAlo) shaka] £Alo] oj7jstel 2
A 50% W EAN 10% HET AR iRkl sk
o, Chil G o2 o2 55%, tiFat 11.5%, 2275 3%,
2T E 18%E ot on, A g Yo 2 of-5 3% st
ek 712X EHE oA oTHE 3%et HAE 1%E oHrst
ek Eppdae Arlshe dAksEAle] diAlEd 2 AR
H ok AA| vlES B 2T AlRE 524 61%, A&
37.1% 18] 3 A7 1.9%2 FAEQon, 7]ef Adatas
A 2t 2% 5 SU=7 2%t th A5l t(Table 1). A ¢
of AR HEAR = UL 0]-8-510] 100 mesh (140 pm)
272 3 5 Eotoll ARgshith 2 500 kgo] At
SohES widstr] Sish uieel(Table 1)of weh £44H ¥=
AR AlFstgict. Al YR8 AR = V-mixer (Hangjin Co.,
Korea)& o881 105714 £51 % 29172 o] fal o,
5%9] AgAl=E = twin extruder (model ATX-2, Fesco Preci-
sion Co., Korea)E ©]-831%] 2 mm % 3 mm F7ZAALRZ A2
skt A AR 2] 3}ek4] 242 Table 10f] A| A viel 2ot
AR A Zof o] 8% extrusion 2L tf23} 7ttt Feeder
speed 16-18 rpm, conditioner temperature 80-90C, & 3%
2 100-150 mL, screw speed 250-320 rpm, 1* barrel &= 53

FASE - oA - AR

2 50 mL, 2™ barrel®} 3 barrel temperature 105-135C, steam
heater pressure 4-6 kgf/cm?, 4% barrel temperature 80-90C ©]
Uk AP H H S IS UE7IE o8, 60-80C ol A 6417 &
oF Azslo] - EE EFo] 5-8% £FS GFAER st

Aol AR FA] 2 ole ATl ARG TR TS

Table 1. Ingredient and chemical composition of the experimental
diets

Ingredient (%) Experimental diets
Control MCP!' DCP' TCP' MHP!
Fish meal 55.00 55.00 55.00 55.00 55.00
Soybean meal 11.50 1150 1150 11.50 11.50
Wheat flour 18.00 18.00 18.00 18.00 18.00
Squid liver powder 3.00 3.00 3.00 300 3.00
Fish oil 3.00 3.00 300 3.00 3.00
Vitamin mix? 010 010 0.10 0.10 0.10
Mineral mix® 010 010 0.10 0.10 0.10
Corn gluten meal 3.00 3.00 3.00 300 3.00
Finnstim* 1.00 1.00 1.00 1.00 1.00
Choline-HCP® 070 070 070 0.70 0.70
P source - 200 200 200 2.00
Corn grain 460 260 260 260 260
Total 100.00 100.00 100.00 100.00 100.00
Composition (%, DM)®
C. protein 51.32 50.34 49.68 49.29 49.78
C. lipid 10.30 9.88 10.08 9.57 10.26
C. ash 1259 1433 1435 15.78 1555
CHO 27.79 2545 2589 2536 24.41
Ca 312 369 360 38 3.79
P 213 249 250 254 251

'MCP, monocalcium phosphate; DCP, dicalcium phosphate; TCP,
tricalcium phosphate; MHP, magnesium hydrogen phosphate. *Vi-
tamin added to supply the following (per kg diet): vitamin A, 8000
IU; vitamin D,, 1600 IU; vitamin E, 200 IU; vitamin K, 30 mg;
thiamine HCI, 80 mg; riboflavin, 50 mg; D-Ca pantothenate, 100
mg; biotin, 1 mg; folic acid, 10 mg; vitamin B ,, 80 mg; niacin,
200mg; pyridoxine HC1,40 mg; ascorbic acid, 500 mg; inositol,
400 mg; BHT, 15 mg; BHA, 15 mg. *Mineral added to supply the
following (per kg diet): ferrous sulfate (20.1% Fe), 220 mg; cop-
per sulfate (25.4% Cu), 63.5 mg; zinc sulfate (22.7% Zn), 352 mg;
manganous sulfate (32.5% Mn), 100 mg; cobalt chloride (24.8%
Co), 20 mg; potassium iodide (76.4% I), 6.5 mg; sodium selenite
(45.6% Se), 2.2 mg; sodium fluoride (45.2% F), 8 mg. ‘Betaine S ,
DANISCO, Finland. *Coline Chloride-50, Cofavet special, Korea.
“Values are means of 2 or 3 determinations.
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YAbell A Fste] AlFeristu A gty aR of
SR 25 54k 3% FRP20 A Al ol gALR S 355t
HA Aol A58 ¢ Es A - AR E A9
off AHE-3HRITE. o HAkS & @A A o] (HAIB AT, 11 g)
=& 15719 120 L 99 e (RES/A 2))el] 7+ = 1 350F
24 AR R A e wAsklnt Ak e oAntsiaS A
831 3 Lmin®] fr-afo] H=5 24sh9l Be Ages
ol 8244 fA15 flote] oflofhgs AAskln. F7l=
FFS5E ol8sto] 12L:12D 202 {28191, 71 41917
59 A2 13-18.5C 912 A 420f oJEs}oih
APARE= 19 28](08:30 hrek 18:00 hr)ofl UHrof A} vhe-g+
stk AFE 2L 459 FR(105) A AAEIAT, 24
A 24417 B0t BE AROlRE WA AdARE 45

9% ¥, olfo) 2 BAE 24siol
S| E(weight gain), A7H3AE(specific growth rate), AF&
Z3ka E(feed conversion ratio), T2 o]-&a E(protein ef-
ficiency ratio) 2 AJ&E(survival rate)S Al ATt 2EF+
A S8 5, 24 pxuint supeo] ol {E AR Adstke
2-phenoxyethanol &94(200 ppm) 2.2 B} A| A U 3]-&-FA17|
= Apgafo] Agolse] n]sEaol Bolg et sut
(AP 15ut2])2] 4L FatelS A 2]5to] hematocrit,
hemoglobin ¥ inorganic P 72 18] ARE-%3ict A AL=
A E AAAR O] YRR 412 AOAC (1995) Hw o what
FEL ARHEARH(125T, 347D, 232 3|51
(550C, 6AI%ZL), Tl A2 2HE 2okl 47| (Kjeltec System
2300, Sweden)& EA4]5}% o1, AW Folch et al. (1957)2]
H of] w2} Soxhlet F=274F*](Soxhlet Heater System C-SH6,
Korea)g o|-&35fo] 24513t

A& O] T A4S 1ol B4Rt A= 1.0 g& FI'E b, 1t

A A7 a3 159

o|m2 gz u} HHAE AME-5Fo] A ZITHSTART-D micro-
wave digestion system, Milestone, USA). 549 852 A
F2E H|ZZ(PFA, Perfluoroalkoxy) £-7]¢f Wil 21+ 2410
mLE 7}sto] oF 6AIZF = WAAIZ] &, no] AR ukE A}
sko] gafislqich. mlo]ARu} 2AME 157 5% 2525 180T
B Z2]al o] RLof|A] 157 FAAZ] & 1027 A A3 &
L5 "ozl on, 7|49 ¢Fgo] 200-250 psi %= o B¢
£ FAIskSIT ol F ol &4 0.45 um®| A
Bl 2 ofufsto] 584 RS AE F 255 ARESH 2HF
o2 25 mLE 3]A5Iqlth nfola gz} A& AX Al
BN Fo] &2 ICP-OESH . = #A5}9]th. o] uff HA A
248 128902 [CP (Inductively Coupled Plasma) -8 1000
ug/mL &N (AccuStandard, USA)S 2<=4-9} ZAF gojo g
B|AMsto] 2A|SHATE HEEH A A B4 wER] A
B Ha9tA]7]7] flske] Az o] e 2gat 5 Agt v
&2 HNO, 885 AMg-sGITh T12|al #35-8909] sle= A
=29 s we} ilEE 452 0.01-5.0 pg/mL, A5k 4
HE520.01-1.0 pg/mL ¥ ¢ & 2A43}o] ICP-OES (Perkin El-
mer OPTIMA 7300DV, USA)=& 5435191 t}. Hematocrit-2- 3|
a}go] A 2)% BA|E3 &5 E (Micro-hematocrit Capillary
Tubes)oll NS A2 ¥, A7 =] 7| (Micro Hema-
tocrit VS-12000, Vision Scientific, Korea)ol| 4] 105271 9141 &
2]5}to] ZHe 243515 ok Hemoglobin®} phosphorus&-44-2 A
T kitA] oFak HG-A1 7] 5 & HAYSFSHEA] 7] (Express plus sys-
tem, Bayer, USA)E o|-8-5}o] EA5}%ct.

SABHx 24

AFALR 9] v | A EHEA 2 H (completely randomized
design)= AAIstL, g% 9 B4 3= SPSS version 12.0
(SPSS Inc., Chicago, IL, USA) Z 2738 0]83}o] One-
way ANOVAR 54 BA=I9ick. dlole] gk} $-03Hs Tur
key's HSDZ 3#7t2] $214(P<0.05)& 1| w5}5ic}. Blo]e]
L Hatgh+ 32 W 3 (mean + SD)E UERY Gl on] BiES o

Table 2. Growth performance of olive flounder Paralichthys olivaceus (initial body weight, 11g) fed the experimental diets for 10 weeks!

Diet FBW? WG? SGR* FCR® PER® FI’ SR#
Control 32.74£3.5™ 194£30.4" 1.56x0.15" 1.84x0.24" 1.07x0.14" 37.9+£1.8™ 88.6£7.6™
MCP?® 34.240.8 2066.9 1.62+0.03 1.600.07 1.25+0.06 35.6£14 90.5+4.4
DCP® 29.4+1.9 164+18.3 1.41£0.10 1.94£0.18 1.04£0.10 33.9+1.8 90.5+1.6
TCP® 32.6+2.4 192+21.2 1.55+0.10 1.80+0.31 1.150.21 37.5+£2.7 92.4+3.3
MHP?® 314434 181£30.7 1.49+0.16 2.05+0.52 1.02+0.24 39.0£2.8 92.4+8.7

'Mean values of triplicate groups are presented as mean+=SD. Values in the same column having different superscript letters are significantly
different (P<0.05). 2FBW=final body weight (g/fish). *Weight gain (%)=100x(final mean body weight-initial mean body weight)/initial
mean body weight. ‘Specific growth rate (%)=[(log, final body weight-log, initial body weight)/days]>*100. *Feed conversion ratio=dry
feed fed/wet weight gain. °Protein efficiency ratio=wet weight gain/total protein given. ’Feed intake (g/fish). 3Survival rate (%)=final fish
number/initial fish number x 100. "MCP, monocalcium phosphate; DCP, dicalcium phosphate; TCP, tricalcium phosphate; MHP, magnesium
hydrogen phosphate.
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A Atze] e W A SR AFRHE A ofE
212 50% 3 10% A5 glont, 2Tl A9
ZehiA geko] 51.3%= ERd 3ol Hls) ot A ekt
ch. ufigtoll $FAT A1 of 2] QlakggAle] ¢l Hd=2 16.58%
(TCP)°lI A 19.90% (MCP)= ebd o], MHPS| Q1 g
16.69%3 TCPSE fAFBIEE. & S1(P)2] T <1 TS
WA gre 277t 2.13%2 71 dskov, o 3
= 2%% 713k e E = 2.49% (MCP)oll Al 2.54% (TCP)
2 oA o GXE Itk Table 1). G4 AR 9
A 1057 AHALRE AT U AA 9 ARl §HEE
Table 20 AA| ¥ vRe} ). F= o752 29.4 g (DCP)f A
32.7 g (Control) .= WEREO U A 2417t fro e IRl
AR AI4(FCR, feed conversion ratio)+= 1.6 (MCP)of| 4] 2.05
(MHP, magnesium hydrogen phosphate)= MHP-7} 74 5=
Al Webgtow e 17 oS I EA R ol
£ 8 -8(PER, protein efficiency ratio)< 1.020f4 1.252] H <
S e o] APZEE(SR)S 88.60014] 92.4%2] W 9= LrEY

Table 3. Blood parameters of olive flounder Paralichthys olivaceus
fed the experimental diets for 10 weeks'

Diet Hematocrit Hemoglobin Serum inorganic
(%) (g/dL) Phosphorus (mg/dL)
Control 244 1.2 4.07+0.4™ 14.4+0.9™
MCP? 23.9+1.6 4.04+0.4 14.7+0.7
DCP? 23.9+1.0 3.89+0.7 14.7x0.7
TCP? 23.5+1.6 3.93+0.8 14.910.8
MHP? 22.9+1.4 3.92+0.3 14.4+1.8

'Mean values of triplicate groups are presented as mean+SD. Val-
ues in the same column having different superscript letters are
significantly different (P<0.05). 2MCP, monocalcium phosphate;
DCP, dicalcium phosphate; TCP, tricalcium phosphate; MHP,
magnesium hydrogen phosphate.
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s - olBE - AR

AR o e R el b S el b R P o

G f SRR E(PCV) 2= 22.90014] 24.4%9] # 9
£ 2o, 3| ma=Rl (Hb) T 3.92004 4.07 g/dL= A
21k ol g o] WA R A] okokeh. @7 W 771 o bk =3t
144014 149 mg/dL2 §-2 4] 70| %0]7] QItTHTable
3). AojA| x4 9 3}8F2] %448 Table 40 AA)E v} 2l
AEgEFo 2 ol 2] $12E2 65 300 4] 68.7%, AW eHarS 14.6
oA 16.0% 1811 3]& kS 11.8904 14.2%= A g]+7t
HolE Hol o fo4dS AR §STHP>0.05). ZofA]|
W F=4 T2 Table 50 AJAH viet Aot Q1& Al eg 2
&, v, 3, 28 R UEE ddS At oS 2
o] x] ottt DCP9] <l 3kgo] 5.73 mg/g O & A2j+% 7}
A 571 et oo TCPoRe £1012131 Aol 7} glglont Lt
2] o] B8l 2]/ o] ¢174 & A TH(P<0.05).

Y27} gk saterA o] 8ol e Etstal g 2| 2] A
A Ql a5, ABARRE WP FgA9] Q1 o8/ Bt
A= Aa7HA] = A 2RdTh 71 o] = sijake] o - &
AR o) o it o e s W FEE Ao Qs Abm W
NRE, I Y of ] FEA O 1H Afso] JRFe W] Wi
o]tH(Grisdale-Helland and Helland, 1998). o]&{3t H-2] H
A= olof) AL AR AbRERE A] A 02 QL 3
A& H7kekE, ol Akb g o] SR ol A0
Hho] 2k A 1¢lo] & 4= Qlt}. Sarker et al. (2009)-2 H4F o] A
%270 g9] 84§ wrol(Seriola quinqueradiata)®] A= W &
QlAFK, Na 2 Ca2] P 43}g-0] 717+ 96.1, 94.8 & 92.4% &l
H13kgith 12|y Choi et al. (2005) 50| 4g2] YA & o] &
sko] =3gt Aol A= Ak Wi URI4HK, Na E Ca®] P 4:3}
$0] 212} 65,83 W 85% LyEFL} 9lck. o] 22 o] Fo nh2 7}
o] ool k= A3kg SA R o] w2 zfool|A] 7]Qlet= AR B
olth & o1 310] A} o] B8 55% FHa-3H= ALR W Q3419
A7be dET ARG E W AR A 2o of | 7 B}
I HolA] obaa 2 Ho| AL Qlek o] A Ak g 4ol o
H PREO R = {8 gAeo] SE5E o ke A& AlAte)
™, A7be= o Sg Al A Lol Hrpal & 4= Qi

Hematocrit(%)= AU A4 249H8-S UEl = 7H8 4] A

Table 4. Whole body composition of olive flounder Paralichthys olivaceus (% DM) fed the experimental diets for 10 weeks'

Diet Protein Lipid Ash Moisture
Control 68.7+3.8™ 14.610.7" 12.910.6™ 74.7£0.7"
MCP? 65.912.9 14.8+0.3 14.2+0.7 74.940.3
DCP? 65.3+1.5 15.3+0.7 12.6+1.4 74.2+0.4
TCP? 67.0+1.0 16.0£1.1 12.241.2 75.120.4
MHP? 65.910.1 14.910.5 11.8+0.3 74.840.6

'Mean values of triplicate groups are presented as mean+SD. Values in the same column having different superscript letters are significantly
different (P<0.05). 2MCP, monocalcium phosphate; DCP, dicalcium phosphate; TCP, tricalcium phosphate; MHP, magnesium hydrogen

phosphate.
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Table 5. Mineral concentration (mg/g fresh wt) of whole body composition of olive flounder Paralichthys olivaceus fed the five experimental

diets for 10 weeks'

Diet Calcium Phosphorus Magnesium Sulfur Potassium Sodium
Control 7.59+1.1m 4.25+0.72 0.36+0.03" 2.28+0.0m 2.78+0.03" 1.00+0.03"
MCP? 6.70+1.4 4.36+0.72 0.34+0.01 2.10+0.12 2.70+0.09 0.99+0.02
DCP? 7.95+1.1 5.73+2.1° 0.36+0.01 1.99+0.08 2.9610.02 0.99+0.01
TCP? 7.15+1.0 5.14+1.1% 0.32+0.04 2.32+0.40 2.70+0.05 0.97+0.05
MHP? 7.98+1.8 4.40+0.42 0.34£0.02 1.9610.15 2.77£0.10 0.96+0.02

'Mean values of triplicate groups are presented as mean+=SD. Values in the same column having different superscript letters are significantly

different (P<0.05). 2MCP, monocalcium phosphate; DCP, dicalcium phosphate; TCP, tricalcium phosphate; MHP, magnesium hydrogen

phosphate.

3£0]aL, Hb (g/dL)= EH 9| 4bA 24t 53& Y= 214 4
Z] o]t McClatchey, 1994). @ HTH2] Q A= JoFsh#] Al
(Siddiqui, 1977), A% 7+<3(Barham et al., 1980; Iwama et al.,
1986), 2174 % HH3NGiles et al., 1984) W AE &) A (Ellsaesser
and Clem, 1986)2} 2-2- o] 2] 29101 9|3 oJaFS Wt o
4] Que dubA o = A7 A oF Aol o] A oA PCVE}
Hb+= Z+2} 44-49%%} 8.9-10.4 g/dLZ H 115 %) S T (Sandnes
etal,, 1988), T4 T4} o]0l A|Z 2| =0] A9 22.539.2%
9} 5.2-8.3 g/dLZ ta @A H11E| QI ch(Vazquez and Guer-
rero, 2007). Rahimnejad and Lee (2013)+= A& U] valine 5=
=5 Y s AR AafollAl PCV= 30.7-34.3% L
2|1 Hbe= 4.4-5.4 g/dL9] 7 E 135}tk 2| Yoon et al.
(2016)2 544 YJol9] PCVE} Hb7| 24.2-28.8%%} 7/5-8.8 g/
dLe} 211519 0, Yoon et al. (2017)& S4 w|7] 2] AL 7}
Z} 25.8-29.5% % 7.7-8.7 g/dLe} s}t @A E o] &35t
2 Ao Aif= A7) AFARES A H e s Bl
O} AAH R 90% oo BEES e o 17eH4] o]
A Hols A2 obd A o2 FAEC gh, o84 o]
29l FFAIY A7k @A W F71H P g S7HA
L S5 A BARES WA= Ao R Yt
(Yoon et al., 2016; Yoon et al., 2017). ZLe|u} 2 o1 TLof| A= 4]
& (Table 2), @7 Wf 575 P2] 4=(Table 3) & o] A f 3t
12 /] (Table 4)of| A A 2] -7t 7-2] 2] 2ol 7} A E] #] oFqk
th. o] A o & 55%E Hohe th2t AbE7F oln] &1 8
T SN WE o & FolHrt.

HA8] oA Wf F=4 el 33t Ahme Zroh 7] oY
t}. Kim and Shin (2006)& 200 g =7]©] §44d%] W Cadh
2o 1.17-1.28%, PgFS 0.51-0.57%% R 15}tk Kim
(2000)2- ©F 350 g 17]9] G4 2] W Caghre: 0.62-0.76%,
Pol2 0.54-0.66%2tL SFth. FARE 2719 S/dd 4] W
CadlZFS 0.84-0.86%, PEEFE 0.56-0.59%= 2=t
(Kim etal., 2011). 2 A5Lo] A 0k 30 g 37]©] Y 2|0} U] Ca
S-S 0.67 (MCP)-0.80% (MHP)©.2 Kim and Shin (2006)
o] ®1at x| Hrks T woko ut Kim (20002 Kim et al.

i

0,

JE

011)2] =2 9F= SAF3HgITE. Ptk 0.43 (Control)-0.57%
(DCP)Z 47| AFAES] 432} 235 Urebiteh. 9, 4
A golLt @4k 718 P el HojH 4] W steba 4o
£ fo8 Hol7k felot DCPAEARY P gkl fo 8o
2 B9 ol f Aol ofFitt. thula(Mg), (), 28
(K) 2 CHEF(Na) TS M1k §:21210 2ol glo] 4k
3k 502 ekt AR ) ol BA19] AR WA e A
o= Z2Er

AR O o 7N YXALR ) ol FFA A= 4%
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