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A growth trial was conducted to determine the optimal supplement of dietary magnesium hydrogen phosphate (MHP,
MgHPO,) which was manufactured from swine manure and phosphorus (P) requirements of juvenile carp Cyprinus
carpio. Graded MHP of 0.5, 1.0, 1.5 and 2.0%, each was added to the basal diet (control) in lieu of cellulose to become
the range of available P from 0.4 to 0.7%. The lowest weight gain (WG) and highest feed conversion ratio (FCR)
were found in the control group (P<0.05). The group fed a diet supplemented with 2.0% MHP showed the highest
WG, which was not significantly different from those of fish groups that received 1.0% and 1.5% MHP (P>0.05).
The lowest FCR was observed in fish groups fed 1.5% and 2.0% MHP. Plasma inorganic P was significantly higher
(P<0.05) in all fish groups fed MHP-supplemented diets than in control group. A second-order regression analysis on
WG revealed that the optimum dietary MHP level and the available P (AP) requirement were found to be 1.85 and
0.66%, respectively. Expressed in terms of ‘g AP intake per kg BW®® per day’, the AP requirement was found to be

approximately 0.032 g/kg BW%/d.
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of whe} 4= 2fo] & HolaL et 97t Yl Yol o e
(0.6-0.7%)-2 Ogino and Takeda (1976)°]| &J3] %22 R 115
o, $EA0 7 o] dAAse] sl o] &7 Ql(avail-
able phosphorus: AP) &+=F0] Al=W 0.5-0.7%=2 2% 3]
TH(Schaefer et al., 1995; Kim et al., 1998; Sugiura et al., 2000;
Nwanna et al., 2010; Xie et al., 2011). |4 5=& oy}t 4=
FEBES 5B ARy 1S BRHOR ]88 47} ¢
7] fzell T1Ee] Ao e ¢l & libd<a(monocalcium
phosphate, MCP), ©]14F¢ (dicalcium phosphate, DCP) 1=
= AFlAFd(tricalcium phosphate, TCP)} -2 914l 3+
A7} Aol A7bEIk el QA o) AAA Baare H A
12|31 Qlek(Shu et al., 2006). wHbA] Q1S A2 Sh= RS
o] MAHE AL =, L 5 sttt Q1 At TG it
2HE QIS FE0t ettt =Rkt #3509 oHYe
= A At A7t o| A A AL A 2 =S A ARt
FASE A ok mebd Eie B4 vhdlas
Agfsto] Q AHES E& 4 UL, WA st S |
&40 prd o= lth(Liu et al.,, 2011). THef, oA 427
£ Q1% SALRAIE ob et A 471 AL AbRo] HEE O
2 olg3t & QlrhH QLAEEAle] ol ehH T oh iz
uZ910) AEHE-S B BARS BIA) 0% 4 9L Ao]
t}. W7]E o] &3t APH ¢TofA] Yoon et al. (2014, 2015)2
EEy 2 B E 2% magnesium hydrogen phosphate (MHP,
MgHPO )2 AU H717} ol i3] B30 A MCPIHE
S AT AR AR ol et 22 <l o84S ekt
3L WA ERE JoiE o872t Aol A MHP 2.0%
7HrE Frw9 MCP A7Htroll Mg7he 3t AR ar=
H A (Yoon et al., 2016). wHpA] 1 A= ol o] 2ol A%
= 913t MHPO] AR 274 E3braS B7H6kaL AP 295
= Agrelstarat e ik A4 <ol FW F71H Q19 5
T oF HofA ¢l 3hdZ B7F A== o] 8513

A= SIS E

= ol gt ARAR st FEd kel o
3lof oJa] 5¢1& WYITE. <l H7HA| Al $13t MHP= 7
stazel A Aujgt 23 ofEsr o]}l e o R e
e e R R R k= =t PR B
FEEAE 400 L2 PilotrFiro] Aldo]glon] S2]aha] A&
AREE 3AREe 2 ool pHaz 8-9% 1= FABH AL, &
73S E83t CO 2715 E8sto] 2714 ¢l pH 2 A=
AREBHA] okt e W] S5 i, QAR F7hA 0

2 FHH vl 919 2004 Y EH|&(molar ratio)
2 I A% AAE(struvite)o] FAPE Gt FHHo R I3
g2 Algel AR sl == MgCLE ©]-8-510] Mg

o} POJ HIE-S 1.2:12 §-A5H BESAIFH T 348 I E]
golS ¢ote] X-ray 387 (Rigaku, Model D/Max-2500V,
Japan)= struvite¥-& 2H15F3ITE 3]H Struvite= AL
U <l A7FAI(MHP)2 AF8-5E7] 913l 550 CollA] 3081t 2]
SHAIA Yo AaE AAT & B E Bk
Az M=

27 ALRE o2 20%, TFEF40%, =781l 5%, 202
27.18%, O1G 2%, ThE-G 2% A22 A 2%2 7]et A7
eF E3sto] 100%2 4= e, MHP 7Has dEs
A2 jAlske] MHPE 2421 0.5, 1.0, 1.5 9 2% H7l5t0] o]&
715 olo] gheFo] 0.45-0.71%7} =2 E3-519chTable 1).
Aol ShA U= O] B8] A4S BA ko] AALRE
O] ekl gl AR AEFFS 242 42.5% L 6.5% = 5
SHA| FA = =5 sFolct. wi el whet AlgE dae Y
2 0]8-5}0] 100 mesh 7] 2 E4)3F 3 V-2 A (Hangjin Co.,
Korea)Z o]-83}0] Z} A g ALR 500 kg =3HalAch 1 % 7t
ASAlm S-S 429 9 twin extruder (model ATX-2, Fesco
Precision Co., Korea)E ©]-8-5}49 1.5 mme} 2.5 mm 27| 2] %
ZdEEl o7 Al xsqleh t2FAERS Q A%k S5 fIl
WA T OF 10 ko] s ARRE 24f5ke] 1.0%9] 419t
EF E3tsloint. o] E3HEo] 20%9] SH4E Aol SA1E7
£ o|-gsto] WelHgt = 60C X 7]E o835 12
AZE AZRAA 22318 AR AI7HA] 20Tl Eatstgich

g %15-2] Joi(Cyprinus catpio) Z|°1 5,000 "H2|E 7
Wl oA 7|Zuol ZUdiela A A AR
[5sto] 357k 27 ALEE Folsin] AR5zl 4
SAZEE A T 24A7F AARE o] RUNAEAE AT
6.6 )5 T1ET 3WHEH 5TOFC R FARIR 157 AR
(0.4%0.6%0.36 cm, =2 66 L)o| ZkzF 300-2]4 w345
oh ASARE 057E AdEgon], AEARE % £
(08:30, 17:30) oJ415-9] F 4% o= 1 6 UM vha
ofstoitt. ol kA AR A] W A A, = WA 2 Al A
3F H A2 247426+ 1.2,22+£1.2 and 18+ 1.5°C
2 FA AT SEA AT AAH T E9 5.5-64 mg O
Lz fAE o, Abs2l 59 352 29 5 Lol itk
9T AFAE 717 5 271 6557 1.5 mm 27| o] &
Folaigen, TR 2.5 mm WS oIatock A4
olel Frolof AT 3Tt AR AAFAIE 545t
npe]ae2 Lo AlAksElnh SAl&(weight gain, WG), €7t
A=A 38 (daily feed intake, DFT), A= A]<>(feed conversion
ratio, FCR), ¥ 7F=-0| 4 #-E(specific growth rate, SGR), T
2 o]-8&-& &(protein efficiency ratio, PER) Y AYE-E-(survival
rate, SRYS ZAIYAT). 27 ALR0) o] 2318 24L 919
Fmof 60mte] A ARG 72 37] 9] =2 (130 L)l &
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A A7) YEEeH(-20C)sHH . 91 £28k8-2 Maynard and
Loosli (1969)2] 5-2]o]| whe} F6ko] 2+ AL o] - Q1 9
ol 35k APE AlAKSFY 2o, MHP 2] AP $H(98% )2 Yoon
etal. (2016)°f| oJ3ff 4% g ]85kt

ANzHE H 224

Asolo) ARA 24X7 3, oAF 2AL olFHHAR
AQUI-S (New Zealand Ltd., Lower Hutt, NZ)Z v}3 A 71 &
AA FAR Skt B3 AR S flef] 24 =2 20t
2 2] F=5ke] AQUI-SE v sHRlaL, ol o] wlA
ol A slubed Z2jH FA|E o]8-sto] Adstoich AR
7, AR 920 gRbE 42 AOAC (1995)9] ol w
T2 105T 9] dry ovenol| Al 24417k ¢ % & 46}
a1, 2T AN % 6.25)2 Kjeldahl AAAgH oz 27
22 Soxhlet =% (ether F=2H), 4= 1.25% H,SO, ¢}
1.25% NaOHZ A3Fst & 1831 23|88 A4l 3shHo g
550C 9] 2lafzof| A 44Tt 59k Bl & SAsklT) 91 423}
& 2S4S Yol AR 9 & Yl Cre] £42 Bolin et al. (1952)
o] wioll whel 440 nm oA spectrophotometer (Shi-
madzu, UV-120-12)Z ©]-8-5to] Skt AlarY L2
A B oA (MR SukR) 9] Qe ml= 2R o W
(USEPA, 1996)0] et Al Al &5 AA 2 & &, f=ded &
gf2ul ATERA 7| (ICP-MS) (Perkin-Elmer, NexION 300D,
Waltham, MA, US.A)E o|-§sto] S4stqth. Add HE
(whole blood)& ©]-85te] utEAZE(PCY, %)= micro-
hematocrit method (Brown, 1980)% =743}11L, 3| 2= 1]
(Hb, g/dL)-& Drabkin’s 8-94-& A}-8-5}9] cyan-methemoglobin
HHeA(Sigma Chemical, St. Louis, Missouri; total hemoglobin
procedure No. 525) 2.2 =234t} &2 (blood plasma)> A
ot A S Y] ol Wi 943,500 g, 5 min, 4C)
sto] A5dE F & 24 A7) Ws K (-80C)sHoitt. &
2 W 71 Ql(Inorganic phosphorous, Pi) £44-2 A% 31
Qe A kit (Clinimate IP, Sekisui medical co. Ltd., To-
kyo, Japan)} & 9241 7](HITACHI 7600-210, Hitachi High-
Technologies co. Ltd., Japan)E ©o|-8-5}0] £445}% T}

SAXE

ARARANA Boxs He ARHAAAT, FEAAT,
UARA TS, SHE, AEAlS, dHE1EEE, TR
olgaE, AEE), oAl o % EAH A= K

b= o] W] 5214 (homogeneity of variance)-> Cochran’s

ox,

o

test (Sokal and Rohlf, 1994)5 o]-&-5}o] gelal e}, Ag 1
7} wizeo] ojgt £-ol 7} IS A, AL

multiple range test 42 ©]-83}%tH(Duncan, 1955). o]
Z017]19] SAEol 7|9k AbR U 24 MHP =232 Q1 8-
o A8 23] Thab] B|7RAE olgaleon] ol 5%
(P<0.05)°ll 4] 278 = At

2 o

AAbRS] 2o 9 220 e owgigiR 747t
42.5% B 6.5% o2 FAEIY F 9 S Y=
7} 1.08%= 71 dolon], MHPS] H7b4eze ulet 1.16
(MHPO.5)0ll 4 1.42% (MHP2.0)Z HAZAol Z71= B¢
o} 238 AYE S8 2 AP TS 0.38% % UHE
o, MHP H7}19] APEEES 045914 0.71%2 AALE 2
CHTable 1). A& ALRE 977 AAFEH Aol 4458, A=
£ 9 AojA <l RS Table 20 LreER vk} 7}, Zi o]
AT HE2T7H18.6 g2 AT -5 7P R3Lom(P<0.05),
MHP2.0 7} 22.5 g© & 7P =Sk}, vuhe|d AEARR AF
2 16.1 (H2H)olA] 17.5 g (MHP2.0)2. 2 MHP 7117}
5]tz vlEl] FoHoR =9k UK(P<0.05), MHP 3
7R 98 HAEA okt AR HE(DF)
1900114 2.03%% MHP1.5 9 MHP2.0 717} B}x]2]Fo] 1]
3] 4912 0 2 WIOIH(P<0.05). ZA&(WG) 185 (h2T)
of| A 237% (MHP2.0)2] ¥ 9|5 X3 o1F MHP 1.0% ©]4 %
77l oA 1 Zkol 7k GLATHP>0.05). AFEAIS(FCR)
L MHP1.5 2 MHP2.0 77} 23] 1.112 |72 714 Wt
oo 24171 1.33 2.2 7 E0kTH(P<0.05). S Hol 8- a-&
(PER) 3t MHP1.5 2 MHP2.0 -7} 2.12 21 2.16 0. 2 X 2]+
Z 7P =9kon thR17} 1.76 0.8 7H4 Wkt A7tEo] A
AHE(SGR)> MHP2.0 71 1.93 0. & 7F4 =91} MHP1.0
% MHP1.5 7ol = 202491 2ol 7F g1 Aeh(P>0.05). 952%F
O A47Hdd 710k ARl 58] ghuke] o] FAbe HAstA] o
ote g, HojAU Q1 Tk th27F 0.37%R 718 Wk
o, MHP2.0 17} 0.45% 714 =9ttt PCV 422 25.8
(=)ol 29.5% (MHPLO)S] 214 zpolE Ho
(P<0.05), Hb®] 72 7.7 (h21)ollA] 8.7 g/dL (MHP2.0)2)]
IR A7t FolA1 Ato|7h WA A] AT P>0.05).
I 27)g ol shFe th 2741 mg/dL)e MHP2.0 (7.0
mg/dL) -3t f-2]/d 0] 91310 MHP H7F7toll = -2/ o]
A E]A] GEITHP>0.05). SA|1&<ll 7]8ksto] 22} k4] 314
548 o] g3t AbR ] A MHP 231222 1.85% (Fig. 1) 1
2] 3L AP 72F2 0.66% (Fig. 2)& B 7= Sict.

of

L
AFUY 957 TR F 27 WG, FCR, PER @ FCR
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Table 1. Ingredient and chemical composition of the experimental diets'

Ingredient (%) CON MHP
0.5% 1.0% 1.5% 2.0%
Fish meal 20.00 20.00 20.00 20.00 20.00
Soybean meal 40.00 40.00 40.00 40.00 40.00
Corn gluten M 5.00 5.00 5.00 5.00 5.00
Wheat flour 27.18 27.18 27.18 27.18 27.18
Soya oil 2.00 2.00 2.00 2.00 2.00
Fish oil 2.00 2.00 2.00 2.00 2.00
Vitamin mix.2 0.70 0.70 0.70 0.70 0.70
Vitamin mix.? 0.30 0.30 0.30 0.30 0.30
Lysine-HCI 0.30 0.30 0.30 0.30 0.30
DL-methionine 0.20 0.20 0.20 0.20 0.20
Choline-HClI 0.30 0.30 0.30 0.30 0.30
Antioxidant 0.02 0.02 0.02 0.02 0.02
Cellulose 2.00 1.50 1.00 0.50 -
MHP (Magnesium hydrogen phosphate) - 0.50 1.00 1.50 2.00
Total 100.00 100.00 100.00 100.00 100.00
Composition (%, DM)*
Crude protein 42.78 42.87 42.80 42.56 42.49
Crude lipid 6.77 6.59 6.53 6.45 6.57
Crude fiber 4.29 3.76 3.10 2.80 2.32
Crude ash 7.45 8.33 8.67 8.97 9.34
Ca 1.40 1.45 1.51 1.55 1.59
P 1.08 1.16 1.24 1.32 1.42
AP® 0.38 0.45 0.53 0.61 0.71

'MHP, magnesium hydrogen phosphate; DM, dry matter; AP, available P.*Vitamin added to supply the following (per kg diet): vitamin A,
4,000 IU; vitamin D,, 800 IU; vitamin E, 150 IU; vitamin K,, 20 mg; thiamine HCI, 25 mg; riboflavin, 50 mg; D-Ca pantothenate, 100 mg;

biotin, 1 mg; folic acid, 20 mg; vitamin B, ,,

0.2 mg; niacin, 200 mg; pyridoxine HCI, 20 mg; ascorbic acid, 500 mg; inositol, 200 mg; BHT,

15 mg; BHA, 15 mg. *Mineral added to supply the following (per kg diet): copper sulfate (25.4% Cu), 30.5 mg; zinc sulfate (22.7% Zn),
230 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. *Values are means of 2 determinations. *Available phosphorus calculated based on P

availabilities of control diet (35.2%) and MHP (98.0%).

of| 3ol MHP Z7}tof| Blsl -9]21Q1 2ol & Hich. eyt
AW MHPO] Z71p0] 1.0% o]d+-= WG2F SGRe| 91
o] §-2]4 ¢l ZFo| 7} gl 0w, FCRY} PER 2] 7-9- MHP 1.5%
29} 2.0% F2ollRE 012l 2fol7h Q1| A] gk, 2 o
AT o712 o] 83 Ak ARO|A Az MEPe] 37}
0] 1.0% ol uf A5} Ak ol aso] /A=t
(Yoon et al., 2015)3 X gk Wf-8-2} 2 R3heth, 53], ool &
0183+ A A= L(Yoon et al., 2016)o| A MHP 2.0% & 7|4+ 5
Y MCP H7Htoll W7k AdsES Uetii=d, 2 ¢
Toll A MHP 1.5% 7H71 2.0% A7FEet mE A oA §
of2/] Ajo] w7 golrh AHLE &AL ol WA

K9] o] 87k 35 AlARRITE o] 7o A2 flal A-8AY
U Q1 A7HA9] AR H =219l Aol Kim et al. (1998)2
9)oY(Cyprinus carpio) A& U MCP 9] 722 0-5%2 5
FER Aol AR} Aol SRS W <l Bale] Hhe A
wollx 2% 717 7 sttt Basielnh 97k &
A= F-A] 7 4:01(Oncorhynchus mykiss)2| 7350 = A&
U of@ekgo] dad A Adsge MAA7I7] fleiM=
0.5-1.0%%] MCP %717} HQ3slttal B %l ch(Hemandez
etal., 2005). 3-8, 9l Bl a7} H71E ¢ 5-0(Carassius
auratus) AFEUW MCP 37k 2% A 1%2 1H4AE 5= 9)
o}l 3 th(Liu et al., 2012). Nwanna et al. (2009)2 o}3Zg]
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Table 2. Growth performance of carp Cyprinus carpio fed diets with graded levels of magnesium hydrogen phosphate (MHP) for 9 weeks'

Parameters Diet
CON MHP0.5 MHP1.0 MHP1.5 MHP2.0

Initial wt (g/fish)) 6.53£0.05" 6.61£0.10 6.49+0.04 6.62+0.08 6.68+0.06
Final wt (g/fish) 18.64+0.37° 20.61£0.21° 21.100.05° 22 24+0.16° 22 52+0.37°
gegmf;']‘f 16.09+0.14° 17.3140.072 17.3440.03° 17.3240.072 17.52+0.14°
DFP2 2.03£0.03° 2.0240.02° 2.00£0.01° 1.900.01° 1.900.01°
WG 185441802 211794295 22518198  23598:6.3%°  237.3147.13°
FCR* 1.3340.05° 1.2440.01° 1.190.01° 1.11£0.02¢ 1.11£0.02¢
PERS 1.76+0.06¢ 1.8740.02° 1.970.01° 2.12+0.04° 2.160.05°
SGR® 1,6640.04° 1.80£0.01° 1.8740.01 1.9240.03° 1.9340.03°
SR 100.00£0.00" 100.00£0.00 100.00£0.00 100.00£0.00 100.000.00
P in whole body (%) 0.37+0.02° 0.39+0.02° 0.43£0.02% 0.440.01° 0.45£0.022

"Values (means+SE of triplicates) with different superscripts in the same row are significantly different (P<0.05); ns=nonsignificant. *Daily
feed intake (%o/av. wt/d)=dry feed intake (g/fish)/[(initial wt+final wt)/2]/experimental daysx100. *Weight gain (%)=(final weight (g)-initial
weight (g))x100/initial weight (g). “Feed conversion ratio=dry feed intake/wet weight gain. *Protein efficiency ratio=wet weight gain (g)/
protein intake. *Specific growth rate (%)=[Ln final weight (g)-Ln initial weight (g)]/experimental daysx100. ’Survival rate (%)=final fish
number/initial fish numberx100.

Table 3. Hematocrit (PCV), hemoglobin (Hb) and plasma inorganic phosphorus (Pi) levels of juvenile carp Cyprinus carpio fed the experi-
mental diets for 9 weeks'

Parameters Diet

CON MHPO0.5 MHP1.0 MHP1.5 MHP2.0
PCV (%) 25.8+1.47° 27.742.58% 29.5+1.872 27.04£2.37% 28.01+2.37%
Hb (g/dL) 7.7+0.66™ 8.410.92 8.210.54 8.2+0.84 8.7+0.46
Pi (mg/dL)? 4.1+0.93° 5.9+1.172 5.5+0.542 6.9+0.782 7.0+1.83°

'Values (means£SE of triplicates, n=6) with different superscripts in the same row are significantly different (P<0.05); ns=nonsignificant.
MHP, magnesium hydrogen phosphate.

7}AF W 7)(Clarias gariepinus) 2] 43582 Al2 4 DCPE| <=

20] 3-4%< uf 714 4519 ekl B sls et vjE MCP7F 240 |

=2 &30l 71908l Jortm U AP e wol7] Hlsl 7 ~

e ARG ol A7 0)7] 814 TH(Ogino et al. 1979) Mol

of ul&RE opu e} A7} ardE ZﬂﬁW‘” l Folct. wht 5

A %‘%hg}_éo ]7]1}9401]/\1 1S el TE 8 Al %’ 200 | =-15.037x2 + 55.66x + 186.04
7HIRAM AZ-gohs A2 TR ARl & Aol A AR S y' =237.5 ;
Foll 7]ukgt 474 MHP d715:5-& 1.85%2 Ueht=d) (Fig. ro0.897 §

1), o122 | 7] 0| A 8F&] % 1.62% (Yoon et al., 2015):.c} oF 180 : ] : =

74 H 9k} L ol Yol 17F BAJste] Gake] Hujzh ’ o 1 h ’
QJofLpx] QH=rhz Ao 7] 213 Ao]ch. 3 ALz MHPY) MHP level (%)

A7tZ0] 57].&01] g} AojA Y ol gefe HAxos =

713k, o] Ae AlRU APQ| Z71et 37 EA F7)E) Fig. 1. Polynomial regression analysis on weight gain (WG, %)
o10] 712 Z7}o] 719185k 2.2 ¥ ot Table 3). g}fl gz;zZiie(;Z;pP)Cng?;zs carpio to dietary magnesium hydrogen

o]F-2] ¢ 872 Na HPO, E= KH,PO,9 28 Aok
S| 1:0% H7)st A xﬂ A PE zﬂ/\}ﬂ_ o] g3te] A ;é 4 319] A8 E190cH Antony Jesu Prabhu of al, 2013). 221}
e, =R WG, oA <, 234 ¢, B= 84 A g Abz o] Hah] o] el A2 2hasty] Sl B

=2 =20
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240 £

Weight gain (%)

y =-638.04x2 + 847.67x - 43.289

180 [ y=23824
r2 = 0.9933
160 : :
035 0.45 0.55 0.65 0.75

AP level (%)

Fig. 2. Polynomial regression analysis on weight gain (WG, %)
of juvenile carp Cyprinus carpio to dietary available phosphorus
(AP) levels.
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