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1.1 R R AR A H

AKG: I [ Sigma-Aldrich/A &, A MK, 4
J=98.5%. TPkl ER [ i Lk T foky, BN,
HE R4 RZNT G, LL2% M1 %0 —E8N
ANk R L N = vl B T S s |
N A RWE0.73 % B IE W R R RS A Rk
0.47% A FKEAKG (0. 0.4%. 0.8%. 1.2%.
1.6%- 2.0%, T & &) MR v R, FH 2 05
RAFIKFAKG, Be B 750 R, 20 il 8 77
KPR 1. TRl ERHE 80 H i, B iR ¥ )E, il
AN— BB WIKD 7 IRE, F/NRBR LB i
B fR R CBURL A% 2.0 mm), H IR T S, 20 C R
75 H
1.2 REHE

Fia ¥ B8 B2 )y #0001 B OV 7K i 9 T R 22 4
Bk, FREEAE AR OKE IR R4, JKI(23+1) C A
i, WWHE>6 mg/L, A <0.02 mg/L, pHiz#| £
7+0.5. GRI6 KA T B B8 3% £ K T 33 )5 75 B 9%
W2, & H R RAR. e 1hEE, FLL
WA SR BRI AT, 65 CIE IR T F T, —20°CIK

FEIRAE, FT R IV AL 2 U 5

HoRESLIE  RFEFNEFRMELRR RN
fF 82405 . G ERALSE, B, R 5 L
4, T-20°CUKFEDRAEH TAR o 34, S350
B2 HLH 6 2 1 FH R B2 9100 mg/L M S-222(#k
SRR AU K R £ PR R ) RRIBE, FREE .
R G R EBCR M, T S A A 48 AR Il 52
HCPN U PR B 40 25 tH AT G B, 2 TR R,
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B A, FH 25 8 oKk b, TEIRAR 1 60°CHLT 7840
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B TR R (Yo )=[ (&5 A IR AR 85— 4 IS A 45 ) /4%
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=1 —4%(Cr,05)(SC/T 1089-2006) 7 .
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Tab. 1 Formulation and nutritional of experimental diet (DM basis)

. -l % R ¥ £ AKG concentration (%)
JFtIngredient 0 0 0.4 0.8 12 1.6 2.0
1) Fish meal 8.0 8.0 8.0 8.0 8.0 8.0 8.0
H}ISoybean meal 56.0 56.0 56.0 56.0 56.0 56.0 56.0
YKy Wheat middling 22.0 22.0 22.0 22.0 22.0 22.0 22.0
5.H Soybean oil 3.3 3.3 33 33 33 33 33
T f& Phospholipide 1.0 1.0 1.0 1.0 1.0 1.0 1.0
4 /) 2 WUR R Vitamin premix” 0.3 0.3 0.3 0.3 0.3 0.3 0.3
45 TR £ Mineral premix” 0.2 0.2 0.2 0.2 0.2 0.2 0.2
o-fil [ — R o-ketoglutarate 0.0 0.0 0.4 0.8 1.2 1.6 2.0
S ALAETE Choline chloride 0.5 0.5 0.5 0.5 0.5 0.5 0.5
W — A 4HNaH,PO, 2.0 1.0 1.0 1.0 1.0 1.0 1.0
i ¥y Limestone 1.0 1.0 1.0 1.0 1.0 1.0 1.0
i Zeolite 1.0 2.0 2.0 2.0 2.0 2.0 2.0
=44k % Chromium (IIT) oxide 0.1 0.1 0.1 0.1 0.1 0.1 0.1
i % B Glucose 2.0 2.0 1.6 1.2 0.8 0.4 0.0
B FEA 4R CMC 2.0 2.0 2.0 2.0 2.0 2.0 2.0
HRE B Met 0.3 0.3 0.3 0.3 0.3 0.3 0.3
IR Thr 0.3 0.3 0.3 0.3 0.3 0.3 0.3
41t Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0
3520 B 43 M Nutritional composition analysis’
HEACP 34.62 34.60 34.72 34.39 34.11 34.53 34.68
FHARHTEE 9.79 9.52 9.41 9.55 9.35 9.54 9.17
HK 53 Ash 7.78 7.76 7.78 7.76 7.75 7.79 7.5
fECa 0.99 0.99 1.01 1.04 1.01 1.01 1.04
MBETP 1.22 0.96 0.95 0.96 0.94 0.96 0.96
A X APY 0.73 0.47 0.47 047 0.47 0.47 0.47

VE: Ve R AT SR B The vitamin premix provided the following in the diet per kg: VA 8000 IU, VC 500 mg, VD3
3000 IU, VE 60 mg, VK5 5 mg, VB, 30 mg, VB¢ 15 mg, VB, 0.5 mg; “H )5 FUR AL A4 T 54 BHZ £ The mineral premix provided the
following in the diet per kg: Zn 25 mg, Cu 3 mg, Fe 25 mg, Mn 15 mg, 1 0.6 mg, Co 0.1 mg, Se 0.4 mg; VA AR KW KK S
AR ST, Fe 4 A B8 CP, EE, Ash, Ca and TP were measured values, while the others were calculated values; 45 X2 o 5]
TR B TN B 2220154 5527 MR P (P B AR B0 B ) JANRC 52 75 11" Available Phosphorus was calculated by China Feed
Ingredients and Nutritional Value Table, Issue 27 (China Feed Database) and NRC (1993)
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R A F K AKG N2 K 2, K SPSS-
1908 AT 5 K K J7 2 0 AT Ml Duncan [RA £ &
LL#2, it $dE, B2 KFP=0.05. X545 R LT
PHEEAREZER IR

2 #FHR
2.1 {RIBIEARFRMAKGH AR SR KM RER

220

5 IE W BEALA L, (KB 4L FCR I 2 Tt 51(P<0.05),
WGR. SGR. PER. VSI]CFZ% ¥ AEFEE K
T AR IN0.4% . 0.8%- 1.2%-+ 1.6%1%2.0%
AKGZHWGR. FCR. SGR. PER. VSI}NCF#R#}
WAHILBEZ K. SIRBEAAHE, HI10.4%.

0.8% AKG i FFKFCR (P<0.05)(% 2). fak} s
RMH R EAKGIKE T &, JeTt @ e B AR, 2=
FAEZEWP>0.05)(E 1).
2.2 REARPRIMAKGX A HE B SN
A

SIEHE A, A e, A E B
EBRE. B EE R EFIKP<0.05), SKHEH
LG, WIN1.2% AKGHTG . T IREKE . %E
T F 2 R 35) \ 2 AN (P<0.05) (3R 3)
2.3 RBER PR MAKGX A E 8RR 9 8IS
1)

MIEL T IE & B4, B AR & B B4
BB A B TR 2 3 PRI (P<0.05) (3% 4). HIK
T 2H LR, VS N AK GES TR 26 2 3 820 (P>0.05),
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Tab.2 Effects of AKG supplementation in low-phosphorous diets on growth performance of Songpu mirror carp (%)
B B B 7K fo— R % —FR U Ap level/AKG concentration (%)
1 t
R em 0.73/0 0.47/0 0.47/0.4 0.47/0.8 0.47/1.2 0.47/1.6 0.47/2.0
YIRREIW  6.72+0.06 6.68+0.06 6.67+0.09 6.71+£0.04 6.71£0.08 6.68+0.08 6.73+0.06
WEEWGR 465.26:40.43"  399.83+43.30" 444.06+41.92° 429.56+38.93" 399.33+26.12"° 406.21+15.22" 393.56236.31"
R RBFCR  1.39+£0.10™ 1.64+0.15" 1.36+0.08° 1.43+0.15% 1.53+0.05"  1.56+0.03" 1.55+0.08™
KrE K RSGR - 2.4740.10° 2.30£0.12" 2.4240.11° 2.38+0.11° 2.3040.08" 2.3240.04" 2.28+0.11°
& '5‘1}?};5‘1 2.000.10° 1.75£0.14% 1.95£0.15" 1.84+0.10° 1.75£0.11° 1.78+0.06™ 1.77£0.19"
AR L VST 8.82+1.48 7.38+0.50 8.78+0.92 9.244+1.07 9.13+0.64 9.3140.60 8.36+1.58
Bk CF 1.69£0.19 1.71£0.13 1.7320.15 1.74+0.23 1.78+0.16 1.74+0.17 1.81£0.19
JIER SR 97.93+1.96 97.73+1.96 97.73+1.96 97.73+1.96 97.73+1.96 97.73+1.96 97.73+1.96

TE R BB b AN A AR NS 7 REROR 2 57 B35 (P<0.05), /N5 7B ] 300 7 BEROR 22 57 A .35 (P>0.05), T[]
Note: In the same column, values with different small letter superscripts mean significant difference (P<0.05), while no or the same
small letter superscripts mean significant difference (P>0.05). The same applies below

BV PO (h 3R
Total phosphorus apparent digestibility (%)

87 y=0.067x*-1.3719x*+ 9.4414x>—24.226x + 108.66
86 R=
g5 0.9893
84 . . . . . g
0.73/0  0.47/0 0.47/0.4 0.47/0.8 0.47/1.2 0.47/1.6 0.47/2.0
A/ AK Gk

Available phosphrus / AKG concentration (%)

1 AR BE K TARDR) 92 I AK Gxe A7 ¥l e 50 1 2 W £ 26 1)
A

Fig. 1 Effects of AKG supplementation in low-P diets on total P
apparent digestibility of Songpu mirror carp

T ARG & & BT 2 35 19 IN(P<0.05), 0.4%
AKGH, &5 % &8 0.3 1 11 (P<0.05), 0.8%AKG4,
B B B 2 2 1 N (P<0.05)
2.4  RBER PRINAKGXHA AR 88 I 55 4 (LG
FREYRZ0

G2 5 TR H B L, B L5 B & & B 3 PRI
(P<0.05)4t, IMiF & Wifa bR i 3 2 7 (P>0.05)(F&
5). SIEHBEAAHLL, 0.8%AKGH 2 # 5 & Hi
(AST)VETE F2 1.20%AK G4 TH 3 & B (ALT) 3% 1
T ERE(P<0.05); 1.6%AKGH, IMLiEwE. AEE
#E(ALB) R Z M IN(P<0.05); A INAFKF
AKGXY IMILIE H AR & TR ARG 2 3 5210 (P>0.05)

3 g
3.1  REARRIMAKGIT R RS 884 K A0/
KimZ5 P Fo g 1, R DR R 2% iR — A

5 (A 2 K F0.67%), Bil(Cyprinus carpio var.
specularis) EKNERE B AL . A B B0 IR 1ok 4H A Rk
0.47%, WGR+ SGR. PER(&T IE# W4, FCRE %
fe T IR B2 . A A B RRL AR R D AN [R) R R
AKGHE— R PR iR A, PR R,
HIFH TR RAKGRM{E#t piE A K. K& AL
R B A TN AR D 3 R YR AN 45 A 2 R AR T
Ae. O HAREN 78 1% I AKGHE NS N 5 = AT
Y IR B A R AR 2 R A, RGN
s sh a2, Ak, AKG RIS SRATPH fit45,
FE IO R I A B IR ) T IR A A RE B R AD)
(Bl sz bE . 2AAEER . R W) 7E W B I i S AL,
TR hae™ . At R, FR
R INT.5% M AKG ] LAEdEFA Tl B 18 K F, 1
o TE AT . AR i 1E B A R R
W, KBS INAKG T A e it e K g, 5 Fid
i —3. ALK AKGE = s AR EKAE
FH, H 5 R ] B8 A2 AK GO AR 28 PR il 75 01 Ml 73 fide e
(R R e

32 (REMEARPIRIMAKGIHATHR SRR 7 B2
M)

e UIMLR, SRS B Ao K A . B
TR, IR BN, IV R R N E .
J 525U BT 45 e, 7 R Bl AT X 78 8 (Rachy -
centron canadum Linnaeus)% /K5 MEH.
JIg 197 & 800 2 3 R e, T AR AR B S B AE KT A
0.61%IN, B ELT0.76% b B4 , {26 25260075 2%
7K F-34% 364, IS INAS [F]9A< BE AK G2 Vi 455 il
HAHEATELREEER. ARXBCHEA, K
g5~ M A AL G T & R0 B Ak, KA A
BT R B PRK, 5 LR A58 — 8. (i
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Tab. 3 Effects of AKG supplementation in low-phosphorous diets on intestinal morphology of Songpu mirror carp (um)

B B0 K- fo— R % —FRUK £ Ap level/AKG concentration (%)

FaFrIndex

0.73/0 0.47/0 0.47/0.4 0.47/0.8 0.47/1.2 0.47/1.6 0.47/2.0

Wil AEmEE
Foregut Villi height

b

699.25+101.55" 620.69+54.61° 825.31490.94° 786.38+123.42° 880.44+26.41" 692.25428.02° 585.94+42.33°

4 = o i a al a al al
\ﬁ?ﬁﬁ 111.33£17.24°  90.75+14.64° 92.75+6.18°  96.00£11.05° 111.00£9.49° 100.25+5.74"  97.50+3.70"
EAEEE be d ab ab a ab cd
Muscular ~ 79.00£10.61%  52.7549.50"  82.25+8.06"  86.50£20.27° 102.25+6.13°  83.33£20.65" 61.75+8.73
thickness

i SERE b
Midgut Villi height
WEREE
Villi width
WLZ &R
Muscular
thickness

ab

414.19428.79™ 374.38422.55° 424.81+63.98" 470.44+37.34"  465.44+19.81° 439.75+44.07" 415.50+16.20

80.50£7.94°  62.25+6.50°  78.75£9.43°  80.00+4.55°  83.75£10.40° 78.00£4.16°  76.50£6.35"

60.00+6.78" 445£11.00" 64.00£4.69°  71.00£13.09°  58.00+7.30°  63.50+5.45"  60.75+4.43"

BRERE b b
+
Villi height 413.75+25.52

366.81:46.68" 401.00+£85.73" 535.69+59.80"  605.50£56.32" 374.44+29.67° 374.13£54.66°

JEH il width 90.75£20.60"  73.25+4.99™  71.00+7.87%  70.00£3.46™  63.00£7.07°  84.00+14.67" 86.00+4.24"
Hindgut Wi
HILEJ?E ab b b b b b a
Muscular  67.00+4.69 51.2543.77°  57.25+6.70°  5425+14.61°  542548.50°  57.0046.87°  84.50+30.49
thickness

x4 EBOKERR R RMAKGI R EIR SRR AL 5 BRI (T = £ 4t)
Tab. 4 Effects of AKG supplementation in low-phosphorous diets on body composition of Songpu mirror carp (Dry weight basis)

1 R Ko — B 1 BRIK FE Ap level/AKG concentration (%)

151 H Item

0.73/0 0.47/0 0.47/04  0.47/0.8 0.47/1.2 0.47/1.6 0.47/2.0

VI4k 4K %43 Initial ish body composition
H1% H Crude protein 1724001 1.7120.01  1.7120.01  1.710.01  1.71£0.01  1.7120.01  1.72+0.01
HHE Wi Crude lipid 0.68+£0.01  0.67+0.01  0.67+0.01  0.68+0.01  0.68+£0.01  0.67+0.01  0.68+0.01
HK 53 Ash 1.11£0.01  1.10£0.01  1.10£0.01  1.11+0.01  1.1140.01  1.10£0.01  1.11+0.01

LR AR R 53 Final fish body composition
7K 4} Moisture 75.36£0.38 74.31+0.64 74.58+0.42 74.45+1.08 75.19£0.28 74.77+0.10  75.32+0.30
12 1 Crude protein 14.0940.27 14.55£0.23 14.25£0.16 14.27£0.55 14.14+0.18 14.2740.19 13.730.20
HHL i 5 Crude lipid 6.15£0.21 7.38+0.68 7.46:021 7.43x0.80  7.35£143  6.77+0.07  6.52+0.41
FHK 45> Ash 2.7940.16" 2.45+0.07° 2.37+£0.16° 2.25+0.04° 2.424020° 2.36+0.02° 2.26+0.12°

51.11+4.86" 35.88+2.19° 35.38+1.30° 31.8043.33° 36.40£6.47° 35.60+2.51° 32.74+532°
33.8742.59" 18.53+1.08° 32.76+2.03" 33.5242.20° 36.95+4.39" 33.584+2.55" 31.64+3.10°
12.21£0.96" 10.00+0.11° 10.88+0.25° 10.58+0.27% 10.16+£0.20™ 10.31£0.27% 10.42+0.01"

FEYT AR # Calcium deposition rate
T TR . Phosphorus deposition rate

H45Bone calcium

H#%Bone phosphorus 5.19+0.09° 5.00£0.02% 522+0.05° 5.30+0.08" 4.78+0.19° 4.73+025°  4.82+0.03°
1 K45Body calcium 2.85£0.69° 2.49+0.24" 2.63£0.06" 2.49+0.10° 2.26£0.03° 2.32+0.08" 2.26+0.23"
£ /& B§Body phosphorus 1.87+0.05° 1.19+0.08° 1.48+0.07° 1.58+0.14° 1.81+0.07° 1.81+0.07° 1.81+0.11°

kb lE T & 2 it s, MEAKG/KFEIIF
i, AR R T S, T RE 5 AKGIE 3 i iE s
17 B A 06 . B0 s P S g % B AR R N
AK G 5 25 FRARAA T B B T AR A 25 /2

5 TRl A A A AR v A 4% B A E e
s AR LB 10.4%—0.8%AK G4,
IR 5B MEE B & B br 5 1B W B A — 2 i
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Tab. 5 Effects of AKG supplementation in low-phosphorous diets on serum biochemical indices of Songpu mirror carp

A 808 K- fo— TR % — BRI £ Ap level/AKG concentration (%)

i H Item

0.73/0 0.47/0 0.47/0.4 0.47/0.8 0.47/1.2 0.47/1.6 0.47/2.0

5Ca (mmol/L) 2.39+0.18  2.44+0.05 2.40+0.11 2.55£0.11  2.60£0.31 2.66+0.13 2.49+0.05
%P (mmol/L) 2.36+0.01°  2.03+0.07°  2.774#0.52  3.77£0.07"°  3.60+0.36"  4.11+1.78"  4.58+0.28°
BRPERERRAFALP (IU/L)  28.33+26.86  33.67+14.57  37.33+23.12  47.33+£53.00 49.67+17.79  26.67+23.76  32.33+14.29
BEATP (L) 28.63+1.32"  30.47+2.21°  30.90+3.68"  31.43+237° 32.00+3.16°  33.23+2.32°  27.17+1.84°

BREHGLB (g/L) 13.73+0.57 14.7+1.42 12.83+2.58 16.10+£3.10  15.73£1.83 15.50+1.23 13.47+0.15
F & [ ALB (g/L) 14.4040.42"  14.40+0.57°  16.90+1.41°  15.85+0.07 17.05+0.64"  18.60+0.71°  12.75+0.64"

BB EEAST (IU/L) 135.33+50.82" 179.67+72.39" 223.67+99.76™ 342.33+54.54° 263.00+88.28" 184.00£60.65" 219.00+76.49"

ABHEAMALT (IU/L)  31.00+13.11°  31.00+3.61°

43.33+£12.42°  44.00+24.02" 64.50£0.71°

41.00£14.73  39.33+10.50™
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EFFECTS OF a-KETOGLUTARATE SUPPLEMENTATION IN LOW-
PHOSPHOROUS DIETS ON GROWTH PERFORMANCE, BODY
COMPOSITION AND SERUM BIOCHEMICAL INDEXES OF
SONGPU MIRROR CARP

Al Feng"’, WANG Lian-Sheng’, LI Jin-Nan’, WANG Chang-An’, ZHAO Zhi-Gang’, LUO Liang’,
DU Xue” and XU Qi-You’

(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China; 2. Heilongjiang Fisheries Research
Institute, Chinese Academy of Fishery Sciences, Harbin 150070, China)

Abstract: To study the effects of a-ketoglutarate (AKG) supplementation in low-phosphorous diets on growth perfor-
mance, body composition and serum biochemical indexes of Songpu mirror carp, triplicate groups of Songpu mirror
carp (6.67+0.84) g were fed with practical diets containing available P (AP) 0.73% (normal P) and 0.47% (low-P) with
graded levels of 0, 0.4%, 0.8%, 1.2%, 1.6% and 2.0% of AKG to satiation for 8 weeks, respectively. The results
showed that the feed coefficient (FCR) of the low phosphorus group was significantly higher than that of the normal
phosphorus group (P<0.05), but the weight gain rate (WGR), specific growth rate (SGR), protein efficiency (PER), VSI,
and CF were similar between normal P and Low-P groups (P<0.05). Compared with low P group, FCR of 0.4% AKG
group and the levels of phosphorus and albumin (ALB) in 1.6% AKG group in normal P group were significantly in-
creased (P<0.05), respectively. Compared with normal P group, ALT activity of the 0.8% AKG and AST activity of the
1.6% AKG in the low P group were significantly increased, respectively (P<0.05). AKG had no effect on serum other
indexes (P>0.05). Compared with the normal phosphorus group, the content of crude ash and the deposition rate of cal-
cium and phosphorus in the low phosphorus group decreased significantly (P<0.05). Compared with the low phospho-
rus group, the phosphorus deposition rate and bone calcium content of 0.4% AKG and bone phosphorus content of
0.8% AKG in normal P group increased significantly, respectively (P<0.05). Adding AKG in low phosphorus diet had
no significant effect on other body composition indexes (P>0.05). Thus, the suitable supplementation of AKG in the
low phosphorus diets can reduce the FCR and improve the content of calcium and phosphorus in bone of Songpu mir-
ror carp.

Key words: Phosphorus; AKG; Carp; Growth performance; Serum biochemical index; Body composition



