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L 30 2 A BT

4% 2" Alfred Jokumsen®

U (hEREB KSR, R 430072)
VAR SHREFRF, EEL, BESRE)

BE  EAERKARERN TG LS EARBYEREN G IMERR HR &
KAERAHAGERE, dREN2BUERAEAR HEABT & LEEH 2.2%, 5.6%.
8.9% M 11.1%, A — K& 5.6% LEEAM 1.7% BEMR. £ 2C FHEKIA RRERE
9, EEAR T L EERAMA LA, AR TR, AR TR EAMKIH
RMHEAR L BRI RME AR R EZ 0, LR R 5.6% + G &, 184 K R
ETH: HEMP TG RAERN 89%, ERFMEARMRY TR, MEPRIREKRSE. B
REMERKRETHR,

XA 0 e, FEEAS, BR, A&

+ G (Solanum tuberosum) & 19 ¥ 48 ¥ (Potato protein concentrate, PPC) &4 = +
TRMHEE Y, ERENEARSR (75—80%) 5 FEN L FERERAR, BARRN
EOMAES., BRI ZHEQOARMRTERIL. R AN FMREANE 8
MBS, X RN NI+ S EAMARARE, BEZHITHRK PSS 9.4%
F 51% B 1 5K 5 W B 5w AL 8 6 AR K R0 4R RL B, 3 R 4R k) Y SE D . Tacon M1
Jackson WAL EHEATEEARES —MEEER. AARENHRABRER L, FET L
SEANERR, AN REER, UK T LEEAENHARN TN ERERE, R
HoR ma A+ RRDRL A B AL

1 MEHAx

R H TARER, EE G BAH) A RRER AN ESE, @8 2—;
MEIEEAETED N 2.2%, 5.6%,8.9%, 11.1%; 1K 6 & 5.6% T EHEHE 1.7% MEE
B, A RIRHA T A S RAFE. MRS MEERARNE 1 XK 2, AR 2.5mm
HEHBRL, 75C T T 4CABRE.

* AR BRAEEGR KRR (DANIDA) M BB, [ad R F £ sl H AR 5 FHRBFR M AR, 7£ DANIDA
HEERFEE S L ISC) TE AR HEE
1997-09-03 4 Fl; 1998—10-301% 5]
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F1 RREBPORSFIOERER %EEHE)"
Tab.! Formulation and nutrient composition of experimental diets (% in wet weight)
¥t Dietes 1 2 3 4 5 6
¥ Fish meal 44.4 42,0 38.5 348 32.5 379
T %A PPC 0 22 5.6 8.9 11.1 5.6
M # Blood meal 21 2.1 2.1 2.1 2.1 2.1
& & B Methionine 0 0 0 0 0 0
£ 4K Cellulose 1.7 1.7 1.7 1.7 1.7 1.7
FEKIEH Maize starch 6.9 6.9 6.9 6.9 6.9 6.9
F ¥ Wheat 22.0 22.0 22.0 22.0 220 220
fa ¥ Fish oil 203 20.4 20.5 20.6 21.0 209
BPB%AE Lecithin 1.0 1.0 1.0 1.0 1.0 1.0
#ER /TN EFRY 1.6 1.6 1.6 1.6 16 1.6
Vit/Min premix
HEH Crude protein 43.1 433 435 437 43.7 442
BAERT Crude lipid 26.4 26.3 254 24.9 25.3 25.7

K4 Ash 6.5 6.3 6.2 5.7 5.3 S9

FZEB Y Nitrogen free extract 24.0 242 249 25.7 25.6 242
S 8E Gross energy (KJ/g) 24.34 24.38 24.20 24.20 24.33 24.35
FY 5 Dry matter 93.9 94.3 94.8 96.0 94.4 94.3

D TYREES KASMEHARED, EARBYHABE; SBiItAAR EON 23.62K/g, KREHY
17.14KJ/g, A8 Bh b 38.04KJ/g. Dry matter,
calculated assuming coefficients of 23.62KJ/g for protein, 17.14KJ/g for Nitrogen—free—extract and 38.04KJ/g
for fat

2) @4 E /AL FIE Y ¥ BioMar 2 F#{t VivMin premix was supplied by BioMar Lid. Denmark

protein, ash and lipid were analysed, Gross energy was

F2 RRRENESDHPBAERER (ke TH)
Tab.2 Amino acid composition of the used ingredients and experimental diets (g/kg on dry matter)

A Arg Ile Leu Lys Met Phe Thr val Cys  Suppliers

Ingredients

Rl R =] 43.68 48.84 81.69  63.81 16.95 52.06 46.35 57.67 12.65 Cerestar

PPC Lud

# ¥ Wheat 5.2 4.4 8.1 3.2 2 5.6 33 5.3 26 WM
Special
Feeds

i ks 43.7 13.1 138.7 84 9.9 64.1 37.4 75.1 9] DAKA

Blood meal

FEKIER 0.5 0.4 0.8 0.4 0.2 0.5 03 0.5 0.1  Cerestar

Maize Ltd.

starch

¥ . EAAL

1 18.18 14.44 2561 25.30 9.18 13.98 13.85 18.37 3.67 7519

2 18.20 14.73 26.13 2538 9.07 14.41 14.13 18.69 3.76 75.65

3 18.21 15.12 26.88  25.45 8.90 15.04 14.52 19.16 3.90 76.31

4 18.21 15.53 27.64  25.52 8.72 15.68 14.92 19.62 405 76.96

5 18.20 15.77 28.11 25.54 8.59 16.09 15.16 19.91 414 7739

¥ 0 S R B (EAAT) #48 Dabrowska i Wojno'® i3 ST UL B EM Y S HitH  EAAK(Essential Amino

Acids Index) was calculated based on amino acid composition of the protein of rainbow trout muscle

(4]
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RBREAZEVEAREFHEARARKRAREHT. KRAAEVBB (90.51 X
Im) NHEEE, HIRHA —#ERER. KRBT — A% 4 E 20g 89 5L 8 (Oncorhynchus
mykiss) A SRR S BATYIE, YHEHAE], 8 X 2 (L4 9:00 T4 3:.00) F THESH
# BioMar 2\ "] 42 i 7 & 1RDBHE f iR B A

W T aet, KB ATUR 1d B NRE, BN PRENLRA 20 B, RBK 24T
fr. KIRATRENLANAEE 20 B, B kb a0 . IRRBE, 8 X 2 K (EF9.00 T F
3:00) F IR MBI FARIER, BRI, K FERESRRT, ANERKWERE, #t
TRAFE, WREKDPHRARKEIELANRPIRARE, RE. RT KRESITES
BATRESESR ARG HEERESEREL. HARNRENE 2 AFE. &
REBHRWEREE, AHREHLEI A, RBERN, AYUR 1d EENMRE, SR
10 BEAEESTA.

AR a5 X W E KR AKPEE, K &R IR, B A, pH. 8UFE %K 1
WEE 2 AWE 1R, ABRHE, KFBREET 10mg/L, AR, TREA. BEKRRA S, pH
N 7.66—8.04, 3 AT AHE I KW B 2128 900L/h, B E % 4.0meq/L, KR K 11—12C,
SERAMIN 12heL 120D, KK B R 1 ANA.

FRMAENED S E]A Keldahl 24, FTHRE 105C T THEE, K2 EDHE
feh 550°C TR BEBE 20—240); BE B L. B BERUK R W 2,

REBERITEUT S

BEE(FR: %) = BARKEE X 100/ ((MHEEBEAE + KKRKE)/2) x #BX
)

RIMHEILE (ADC: %) = 100 x GEAFHE - 2F&)/FEARHE

BHEEFRYBIRMBEHIE (%) = 100 - 100 x (100 — FRERMELER) x ZEHE
FYUH SR/ ERYNTE

VIR E (IBW: g)

R EHE K (SGR: %/day) = (Ln(BKEKE) — La(WIHAE)) x 100/d

TR % (FE: %) = 100 x MEME/FAFNE

EAETHE(PPV: %) = RXAREASTE x XXBELNE - AW HEEQAS
B xMHeakRE) x 100/(AHEASE x AREAR),

RMEGH (ABV) = BEEFRR/ BUH LR

HEPFHEZ BN EZERFYEERELH E G F B Newman—Keulsts #1745 & b
B8B83, BEKFH p < 0.05.

2 & R

21 WAREMELE

MFIAR, BEE G L EHEA (PPO)FEN 5.6—11.1% 0, T FRAR A BAT
FTFE(p <0.05),22%PPC SRAMMBHAERAEE (p > 0.05). FIMEEREEIL T
BB R (p < 0.05). B2.2%450 HESHABTYRMEUNLREET TEA
(p < 0.05), B MEEBRA A RMEARITHE BZ0 (p > 0.05). & 8.9%PPC # kY
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EOHEREREERTE 22%PPCH (p < 0.05), HEABEERAEE (p > 0.05). FHAEHR
BRI AR Z B L EEER (p > 0.05). KAHHALELE 5.6%PPC HA 5.6%PPC + Met.
B9 45K B (B b 3 BR A 2.2% AR (p < 0.05), HEHRILEEE R,

£3 ARPPPCERIIMBRARNRIHL LKW"
Tab.3 Effect of incorporation of PPC on feeding rate and apparent digestibility for rainbow trout’

PPC/K ¥ 0 2.2 5.6 8.9 1.1 5.6+Met
PPC level(%)

PR E Feeding rate (% of body weight)
Mean 2.45a 2.36a 2.12b 1.83¢ 1.47d 1.89¢
s.e. 0.00 0.02 0.03 0.09 0.09 0.02

FMHILE Apparent digestibility coefficient (%)

FH & Dry matter 85.04a 84.98a 88.35b 91.58¢ 90.31¢ 88.07b
s. €. 0.95 0.19 0.42 0.57 0.61 0.83
HHMR Protein 93.85ab 93.48a 94.09ab 95.42b 93.86ab 95.15ab
5. €. 0.47 0.17 0.16 0.46 0.61 0.54
BRW Fat 89.43 90.34 89.10 90.84 90.52 87.90
s. €. 0.83 0.53 0.59 1.66 0.73 2.16
K45+ Ash 57.46a 56.08a 65.17ab 72.05b 63.04ab 67.48b
s. €. 2.79 1.05 1.36 2.03 2.34 4.37

*“se” BAEIR, PHEEARFERRREREE (p<0.05) “se.”means standard error. Means with different
superscript were significantly different (p<0.05).

2.2 ERKHEAERA

¥4 BERPPPCERREMEARDAME KRN ANHER
Tab.4 Effects of dietary PPC and supplemental methionine on growth and feed utilization of rainbow trout*

PPCKF 0 22 5.6 8.9 1.1 5.6+Met
PPC level(%)

IBW 28.15 28.24 27.85 27.94 28.61 21.37
se 0.00 0.33 0.28 0.34 0.20 0.40
SGR 3.63a 3.51a 2.93b 2.08¢ 1.61d 2.43e
se 0.06 0.03 0.08 0.08 0.03 0.10
FE 143.43a 143.89a 134.78a 110.18b 109.43b 126.29ab
se 2.56 0.36 1.78 1.03 8.91 6.26
PPV 47.69 48.60 46.92 39.84 40.03 44.83
se 0.12 0.50 1.40 0.23 3.73 1.73
ABV 0.56a 0.57a 0.53ab 0.44b 0.44b 0.51ab
se 0.00 0.0t 0.01 0.01 0.04 0.03

* ‘se"Fn, ARIE

IBW: ¥ f5 #& & initial body weight (g); SGR: ¥ &4 K % specific growth rate (%/day); FE: ¥ & *®
feed efficiency (%); PPV:E H 4 3 % protein productive value (%); ABV:# M 4 ¥ #+ apparent
biological value
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MEA4UTLES, YRR L TEASESME, EKETHESEHE,PPCET 5.6% 1
FHAKETERTHEAA (p<0.05), F22%PPCHHANHASHBZHLEEER
(p>0.05). FMEERTERMBEKER(p <0.05). FHEMELES 8.9% M 11.1%PPC
HEETRE(p <005, RMEERSFERELHAETER, BEOEFREERAETEE
ER7(p>005). BMEYMES 8.9% M 11.1% PPCHT EFEK (p < 0.05), RMEERL
SERW.

23 Bk EAR

#5 ARPPCEREEMFRMIIAMEKARNER (LHEKETE)
Tab.5 Effects of dietary PPC levels and supplemental methionine on fish body composition

(% on wet weight basis)’

PPC/KF 0 2.2 5.6 8.9 11.1 5.6+Met
PPC level(%)

FYHE Dry matter 28.52 28.9a 27.7b 26.2¢ 25.4¢ 27.2b
s.e. 0.35 0.10 0.30 0 0.15 0.15
HEH Crude protein 13.8a 14.0ab 14.2bc 14.4c 14.4c 14.3¢
5. €. 0.10 0.05 0.10 0.05 0.05 0.11
FLBER Crude fat 12.8a 13.1a 11.6b 10.0¢ 9.3d 11.10b
s.e. 0.25 0 0.25 0 0.20 0.51
K4r Ash 2.0a 2.0ab 2.1b 2.2¢ 2.2¢ 2.2¢
s.e. 0 0 0 0.05 0.05 0.04

*Means with different superscript were significantly different (p<0.05).
Mk R EH PPCHERN 22% 0, AR ETARE R LB EER, HREF PPC
M —mn, Ak TFYREETHR, EAMKSSEE M EHSE TR, SRR HM
BEERTERRSAKRKAWESEMNEECRS LT EL M,

3 it 8

RRWEH, BB FHEH 2.2% W LT EEE, O ERMERSFAAZRNE; 5
e R IEEAM SR 5.6% o, 84K TR, EARRERAZE®R; HEM+F L
SEASEIED 8.9% B, AL M 4 K AHE R R T, Moyano % 8 #iUE A 5 ST 84 A
AreEags, A LEEABERT 30% MAaRER HEEB KR 45%) , LEH
AKMEARARHERTHEEEYER. Moyano FHME AN, LA R 55—82%
PPC A KAIxt B8 (2 @B E AR AL, RRBLERERY, YK+ PPC & &% 8.9% i,
HLE8 A HA S T R, Parova A Par " ZE SR & (M BF R FHR 10% L EE B AR =B {UBRK
F 10% EiEs (4%), AP L EEASERAERNATHEE (WFHEE. KR
B REREEHEEKIE).

EARRBRT EEAMTFLIOEASTEMNEN BRETR, HYEANBREENE
Wi IR A —. FExt Sk S B R & B, YAk =B (Trifolium sp.) & B EHE
poRt, EAR LAY, ARYMMHTFES. ARPRYEASESERECEEERY. &
YEAMBERRYHNREERE, TSaM . EYEANLFRTER X,
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+EEANAEABRMHRMALRZEIAIMHRELE R —. Parova #l Par fRIEB T
ERR PPCH&EAT, AR TYRPENSERMK. X5FKBHLERAR.

BRGEZEERETHYEABRAKEEENER AKRP LS EANFERTES
RMBEACE, XAl RER B T AR5 AR S0 & R Y, (5] BT, t 3% 9] 4L 6
TEEAMAREENFEEAREAE,

FTEERAMARMIERETRER. (D@D, BHERT HERMERZ
ZQMEREAF-LERBHTCEABNHA. £ KRBT EANTIIEAN IR
EEBHN0.1%(H) B#RMECerestar Ltd. f1%). Hit, @3 itE, AXRERNEE+ TS
WA ETEE0—0.111%. KEEH, B 2.2% W LT EAFE A K MERREY
TER,22% LS EAWER S T2 0.0022%. Tacon il Jackson HRiE T 41 & 45 %} 1
SHNERNARET 0.006%(30%PPC, LtEWERAT T 0.02%). AIRKHER HFX
—&, ARBEL, AN EDNEISEANSEAT T, XEXH, LTEEHAN{UE
mMFERE, LEEAEEANARE QOAFENLFEER, BERT LEEONERL
FERERVEES TR (KA, EEREYMFRK. KPR UWEYMNEE
TEERAEEMB M TR,

AREP, BMEBEERRKTIIENAER, AFIEBEEEARERERNEREL
OB A RE., XBERSARKERMM. {2 Harding % 3t %W . Santiago! ¢ F 3k
BRFE AN SEMNEERFAAHEEZMARMEEAM, XERKBERAFRE, ATfE
B A AKX R A AR 8K (41518 220g/ind Ml 62g/ind), KK XTI B EERIF
HERAMESBEENTZ A,

M, uedmkl b 22% T2 EANERMERNMAILER, #—50 TERLD
REEEBHONEAERMARAFL. RESY AL EFREMMEIHE,

2 * X W&
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EFFECT OF REPALCEMENT OF FISH MEAL BY POTATO PROTEIN
CONCENTRATE IN THE DIET FOR RAINBOW TROUT ON
FEEDING RATE, DIGESTIBILITY AND GROWTH

XIE Shouqi” and Alfred Jokumsen”
q
" (Institute of Hydrobiology, The Chinese Academy of Sciences, Wuhan, 430072)

Y (Danish Institute for Fisheries Technology and Aquaculiire, North Sea Center, Hirtshals, Denmark)

Abstract Six isonitrogenous and isoenergetic diets were composed to investigate the
effects of incorporation of potato protein concentrate (PPC) and supplementation of
methionine in the diet for rainbow trout (Oncorhynchus mykiss) on feeding rate,
digestion, growth, feed utilization and body composition. The control diet contained
all Danish L T-fish meal as protein sources. The other experimental diets contained
2.2, 5.6, 89 and 11.1% PPC respectively. Diet 6 contained 5.6% PPC and 1.7%
methionine. A 4-week trial was conducted at about 12C. The results showed that
feeding rate decreased with increased incorporation levels of PPC.  Apparent
digestibility of dry matter, crude protein and ash increased with increased proportion
of dietary PPC, while there was no significant effect on the apparent digestibility of
crude fat. The incorporation of 5.6% PPC decreased growth rate and 8.9% PPC
decreased both growth and feed efficiency. Supplementation of 1.7% methionine
decreased both feeding rate and growth.

Key words Oncorhynchus mykiss, Potato protein concentrate, Replacement, Fish meal



