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B OE. N T Lemna polyrhiza) BRI & AE 4 (Oreochromis mossambicus ) faFh A= K 20, 7
5 % At AR TP A3 BRI 00 10%. 15%. 20%. 25%. 30% (1) 45 % DW2602 T#5, 8 I8 Af 14 i 7 2.5%.
3% 1 4% (IR BRI A A0 fa Bl 40 d, EB R ARG FR | R AR 1R TG A 4% bE 55 AR K AR hr kA T
TUSE . BRI, WS DW2602 TR & AR M T 4.3%, IR S TR T 0.9%, #iZiR &
WA S R4k, 5 B AR R B AR 2R FDE R RN T 0.1% 4PR RN 20% ., M 3% I, SR kR K
VB 35, S B AR R AH L, S ER SRR T 57.5%, 4 A K ER L IR ZH 4R 25 30.3%, ATl 8 AT A4 L
A3 X BRZL R B 6.4% M 5.5% . ULHAAE SRR as NG 24 L i S8 T4, el P AR fa kK

SRR T SN MR U iR B AR
FESES: S965.125 YHERERD: A
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TR TR RHE KA, o Aiiifl) iz, 4
HHRIH SAJE, 52T S (Lemna). B8
(Spirodela). =& (Landoltia) . FEFEIE (Wolffia)
s TE M/ (Wolfiella), F 37 AR 2, 5 W30
L AR HE . BEEEC SO B R
H AT AR A ) i ok 2 —, s Br M EE S, AN
AT PAAZY, i AT AR AR, PR RERR T4 iR
TR AL, 3 AT VA TR FE KRS, ER 7 ¥ 1 7
KR (89% ~ 91%), HLBFA: A K IR BT K44 T
AR 2%, AIRE & AT AR RN AT AR L PR, BRI
BENYA — RS, 24K, DL g R i
] 1 AR BRI I PR A DAL, R A R B
F1R RO BT 7 7 S K R 10 3%, 7T LALAFE
2~4d¥Em ity T REHEARSEA N
35% ~ 50%, 5 K GAH BT & s A 2, HAP R A
%o FEAE 20 2D 50 AFAHA K 17 FH T 5%
FA Y SCHRICE . KRR N R SR L IG5 R
B M AR S A B RaE, R
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1 MR5ERE

11 SEAFERMNFERAMEZEET 7T
HIARF G, ARSI = v 8] 3 MR A A M
PETRIEARFT, 3BT DW2602, 22K DW2701
KFihki¥: DW1301, VR4l B2k B i s,
e ok ML A R R & . LB TR
AR 0 BB 7 Ay, 18 o G 0 o o 1 R 7R 3
GO ARDBHA I JEORE . 28 K B 1T R P DA ST
5528 TC R IR B 56 A B 2 A AT A R TR IS, T
R T IR, 55 667 m>(B) B JitiH] 5 kg
BEHEIE,
12 FEMRHBESLE WA TR EH
PR IE A, T E RIS VT4, 2 AASE T
THLH AT, SR TEHRE T 60 °C HET. (1 Ak RE
HLIPOSD-1300, F5A /R B3 A FRAA w1, v B i)
BT IR AT B HOR, 1 0.42 mm P57, 26 A S8 B 4%
T AR R
1.3 FHETHHMEYIERNE HRETH
6V B A R 36 928 S R AT U W R A
. BRI IEEFR GB 4789.5—2012 J732
SE, WITTIGHE % IR GB 4789.4—2016 J5 1 5E, 5
R BEE IR GB 4789.15—2016 55— &, H %
MBI GB4789.2—2016 J7EEIE .
1.4 FNERMEEGIAGEERRARSIE DY
A0 7258 Al sy ) & FH R AL L 7 iRk 156 GE
AR A, rp E AR ) R R ARSI AR 0, 10%.
15%. 20%. 25% 1 30% A4 Lb 1) 76 B2 AL B 5 Ok}
SRR | RERE o b i S NI PSR o o V=R N 67 S L A
KB 156 FTREEEHS, 5 0.42 mm M, 43 913% Bk L
BRI S, A LAY R B0 A2 i B S 751
(kAP BR AL, PEILA), IG5, i
IKJE, FHPBHL(MGD-120, H[E ) 7% ) 307 s B
& 2 mm ZE A7 R ARDRY, LTS P SR RIS 2 1R
T4,
1.5 FHEAMEFMEREXNTEGEKNEN
B R /NF T ) Je B % Ak fa £ (12.25+
0.25) g, 4 H R4 W 1 B BOR i FR 58 ) 4
AS4 4 (1), B4 6 4%, 43t (45 LK )E 5
1~2d, b Ext ARIT & R, 2l -
W45 1 S PR 0L 10%. 15%. 20%. 25% Fil
30% FA Uk ERDRE, 43 ) 4% B EB AR T B 2.5% ., 3% Al

4% PR M R, 4k 18 N AbBE L AN AL BE 3 UK
WAL B RE B 37 (9:00, 13:00, 17:30) .
10 d FREE 1 9K, AR 2 i A 7 DU AR Rz 36
PR AR E A B AR T, S K AR
SEWE . BRIZAN, A K R 2 K46 1/3 1Y
K, I BIEAE 1k, SRS 40 d.

*F1 REnE

AN/ Y%

DR A
0 10 15 20 25 30

A Al A2 A3 A4 A5 A6

B B1 B2 B3 B4 BS B6

C Cl C2 C3 c4 G5 Co

T AR R AR T R2.5%(C) . 3%(B) Fl4%(A) .

1.6 FTIEGEKIBRSW IR AT E A
PR KA IRIC S . S0 45 R e 15
1 d, PRI 2 AR 0 R B, T H BRI R R
REEEE o EEZL A BE 1 4520 R fig ), I e H
N AR
1.7 RERLEARNEFRRS TR RIEDIE
f AR, BRI IG B DL PR PR A RHAC 1L, K%
TF- P AR 55 0 S 1) S A R s K TP RS T DL R
FEMAT UK AT . KAy KL L LG I . HLEF 4
AR . o E LR (R E R AR ) & S T
ESTHT
1.8 BIBRALIBS G0 17 ER Ok 1R
R A TR A 344 FR B b R A 7. 45 SC/T
1077—2004 Fr 1 AS K A A2 e 1 0 2 5 % GB/T
6435—2014 FRIFEME KR ; #% GB/T 6438 —
2007 FRUEMOR 53 A AE s 4% GB/T 6432—2018 fpifi:
R BRI [ 4 A Sl e AU (Kjeltec8400,
6 W o AT AR 2\, FEE2 )]s # GB/T 5009.6 —
2016 Hr IfEASCRL AR D5 1900 42 5 4% GB/T 6434—2006
FrUE R 2T 4 1) 22 5 #%¢ GB/T 18246—2019 Frife
MR IR & B AN R o LA RG34 e 7 e 4 0
RS B0 K928 ) 52 B o

VE SR S iy TN = R

R (WG)=( I 2 An A i it — R g4 £ &
Jo ) AT F AR T < 100%1,

e A KR (SGR/)=(In i I &t fA Fi f — In
RIS AT 1 ) AR IS KA < 100%,
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B B (CF)=( g 28 42 R o ft At A o
£)x100%,

WA HE (HST)=(ial 36 2% 1 N ik /300 26 f AR
JFE)x100%!1,

{6 ] WPS2019 i1 SPSS Statistics 17 4%}t
B B A TR B A3 AT, 22 5 B E M Tl R &R
M 227% (Duncan 7)1,

2 HZR55H

21 BEAA®INESZTFERMUERRS S
#r DWI1301. DW2602. DW2701 23 33 §ij 1 A
5% M T A s 200 443 75 S5 A i 9 0 P i 0 HH 1Y

EE A, ARBRFFEINE TIX 3 AR B RS IR
FRFR(F 2) 0 T 2 W UL, 3 AN IF 3 S Bl 1) 25 1 T
TERARE R, Hoh R DW2602 AOHLEE & B i
151, IR 44.52%, ViF 5 A SR RN 25 M 2 R 1
B, 9N 16.23% F10.78%., DW2701 #L& H
T RAR(35.04%) . I, & LB DW2602 1E
it KL

22 FEFEENMEMERMNER ANTOKIESR
FH 1Y 25 1 DW2602 45 1) o 2 0 2 A D 45 2 D,
P30 M3 AIUL, VRITEGHA . R R ARG Y, B
PRLEVBOR R 8 BRI bR, £ 5 B bR e, W] LUIAE
SRy ek ARk B A

*2 O8I NEESSEMNERERRS %
TEFEAR T GiEAS R, i B AR i S 2 s A 2 i S I 2
DW1301 4.79+0.04e 39.62+0.22¢ 15.03 0.70 0.25 0.19
DW2602 5.57+0.08¢ 44.52+0.42a 16.23 0.78 0.25 0.19
DW2701 5.61%0.10c 35.04+0.23¢ 13.01 0.51 0.20 0.13

TE: AF 7R R 2253 B3 (P<0.05)

®3I KETHHEMFRMER
&

TR PR T M %k /(CFU-g™) W% EE/(CFU-g™)
TR - 20 12 000
BB 7R N o N a] <30000 <30000

23 FEEREXMEREMNTEEEKNEN

ZEVRSE R0 R B, P R R T 1Y 4% B
R R R 2R . W, kT
4% P I E AL B, TR 30% i, 1]
REANIE TR, B AR gt s OO FEAR, FEEAY
T M A B 2 R4, B K. L, BN
30% MY AL Ze k. ERLERAT 00 10%,
15%. 20%. 25% % 5 R ACE, DL 2.5% F1 3%
PRI A

FH 10% ~ 25% 77 - AL e iR R 27
i 40 d, & 9E 100G ZE N 92.5% 4 5 B 95% ~
100% (% 4) . HF& 4 A7 0L, SR D AR 3%
i, BT IR L A iR R 2 i R
AR TG AL, B 20% i, Bk fa
R, k% 295.9%, X IR E T 57.5%.
ARG INE] 25% I, PR ER Y 20% ZX
KA LA T B, (B A Ho X BEZH 39 0 49.6%., H30R

ORI R 2.5% B, H 20% BURA B R
B R, AR 3% BEGE Rk B R
HE AL 51.4%. L, (BRI SR
T DAFE D/ % A 35 A iR R R I LT, 3k
(e

FHVE R AR oL G im A BB XS I 2 HE f kE
FE A AR, Pl B B, BRAREAAR L . B AR
20% B, iR 3 N EfR I (3R 4), FER R E A
TR 3% B, R A KR IRE] 3.44%/d, HLXT HRZ
P15 30.3%; AT 2.48%, LA BRZH R[4 6.4%;
AR LE A 8.47%, HEXT HRZH R F% 5.5%
24 FEZEBREANNEFRNERYAIEN

i1 T FH 20% 3 5 & Ff DW2602 83 240 1%
Grr Al R R, BRI IR A5 S, BT AR
78 1 20% ¥ R AR E RN E (GR 5), 46
e, 20% V7 MR AR AR TS AR AR AT A B S
o, Ho RLEE L MR 2 S R S R i TR A
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R4 FEFHERESRANSTEESE KM
iy P /% JRIE 2R /Y% O H R /% 6 BE /% FREAKR/(%d!) AR /%
0% P AL 3 92.5 187.89+2.14h 2.65+0.04a 2.64+0.02h 8.9620.07
. 3 95 227.62+2.69f 2.64+0.08a 2.97+0.06f 8.77+1.57
10% 77 31l
25 97.5 211.56+2.04g  2.51+0.05bc 2.84+0.02¢ 8.73+0.97
. 3 97.5 260.82+4.37d  2.56+0.05ab 3.21£0.03d 8.58+1.79
15% 1 P
25 95 245.58+2.69¢ 2.45+0.07bcd 3.10+0.02¢ 8.55+1.34
. 3 97.5 295.92+1.76a 2.48+0.02bcd 3.44+0.01a 8.47+0.43
20%IF MR
25 100 284.49+1.76b 2.41£0.07cde 3.37+0.08ab 8.49:+0.45
o 95 280.95+3.01b 2.39+0.03de 3.34+0.02bc 8.53+1.36
25%IF MR
25 95 273.06+2.04c 2.34+0.09¢ 3.294+0.07¢ 8.51+0.62
e BRI ER AR . [ R/NG PR R R A 4 8] 25 57 i35 (P<0.05), /NG FREM R /R 4 8] 22 R B 3%
(P<0.05)
x5 FERAARBERRS %
kel KRR EPE Vi Wy HEA giENilsgi i HILT 4 FIAELR R
fE5 k) 7.8 114 13.1 38.7 8.1 42 1.0 1.68
20%77- P4 R 9.1 9.8 10.7 43.0 7.2 5.9 1.1 1.67
E K bRt <10.0 <125 <14 =28 =6 <6 =0.8 =16

TRk, MR 5 EE A G T e (IR, 80 S 5 e JC A
ZESE, B RO TREAR . AR S R fiE
e PR A A I N T A IURE i 2 1 1AL
AR, K - LR % R R R R T
IR FURR WG & S BAR . ME P & R R AR,
LR RIS A T, X5 R I PR O E R
FAPEAAT o 20% FFPREAR MR 2 A R, &
WLEI TG W S A8 1, FURE R /NE 2], ok R 72 T
gige, HUEBG, HATRIER Tk SilhZmE
A PERER LS

3 iF

3.1 FAHEFEEESSMRANEZ N
I ETR  PERERK AR A Y, C A

W B FFMERGE . SR, BT R b b
FFEFE S5 A AN R, AN RS T 41238 1) 38 32 0o 25
AR K o Culley 550 | 1 B 7K F5 56 58 3% (8.
polyrhiza) , T3 IF MR H & 54 32.7%. Sutton
SRS T BUR KR A TR 58 /N P2 B (L. minor) F
Mt PR (L. gibba), A Y O E S =R
39%. WS I FR DK P (L. aequinotialis ) Fl &

& 8 30.5%. Appenroth ZEU98F5E T 11 #h G
HRPE R R A3, HOMLEE 24028 20% ~ 35%, JE I
TN 4% ~ 7%, IR &N 4.8%, TR
F2e e 2 R & 3R 2.7%, AR TN 2 R IS = R
IR 7.7%, B H AR H HE WHO HEFE W
PRt o A9 S T3 A5 1Y 48 3 Fh DW2602
BEHE RIS 44.5%, WEEATEHESM . A5
H 521 DW2602 55 UL AR B VR B A i 25 1
T (FE A P %8 ok U . http:/nutritiondata.self.
com; http://ndb.nal.usda.gov/ndb/foods) #H kb, H &
o A LU R GAHIESE, i m TR /N &
KEE(E 1),

40

3 ¥ o B & A
K @ @ g

B ARSI 5 X
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TEMERHE Y 0 AR, FEE IR R R K
HFRBETE M, PR R R A TR K IR 5
(S. polyrhiza), B T ALAE ISR 774 34 t-hm'?,
ARG IR K SR8 283, B T AR AR 3145 25 i
9.8 t-hm 2 FIFEH; 6.9 t-hm 2,

AHIF 5 0 FH 1) 48 3 DW2602 AF K 5 AR e,
TEEFRFE AR | S iE R IR T, 5
P DW2602 [ 457 4 T W) i 7= 5 298 17 ~ 30
thm?, %M 44.5% WE A& EITAE, FRHEMN
DW2602, F4FERT AR BT ™ i 7.6 ~ 13.3 t-hm 2,
T T REEAM . ERE RN 20% 1%
T DW2602, HE % fiff J5URHY A BRI 19% 247 -
Ak, B DW2602 [ 255 = R o R
K 2.89 A%, WS IIEFE S TT LA 50 A% 38 fin e Al ot 4
iR R
32 BFEHEMNKREXTIEEEKME Wk
A FUKE X B AR A KA B XA B
WFoE 25 S B, TRDRHE KSR 35% i, B AR
WER FREAERKRENEENEERERT
25% K. SHEBAET VIR T 3 MR AK
- (23.1%. 37.6% F1 47.9%) fa kL3t Je B %k a4
K2, 25 R 3 W Bl TRk AR 1 B 3 = T
AR H BB M 0.30 g-d! EFFE] 0.74 g-d.
HABA BRI, 28 KT 2 R ) 75 2
i, DI AR SRR mY, SRR
SEUT B A R R, IR 1K (25% ~ 45%)
Xt Je B B e fa g fa A KR BRI A B R e
% A £ gy 0 5 e A K SR BE R KT T
e, AEARDRHR KT T 45% B, R A K 88
TR,

F T LA R I B T o, AR DR
IO, WL R SRR R A S A, R
AR AR T i e 28 1 Dk R O BT R, (HUE:, BN Lt
B2 At A KA S ASBIESE A S
il Bl DW2602 8 1 7% 58 44.5%, FIIF AR
20% fEGL RV, T BHH AR 1 & 3 T 4.3%,
BRI FEE T 0.9%, #i/R & fICH B Ak, Eiia
JRE R B A 2 R RN e R S BN T 0.1%, %)
BRI AR gl o, B R IR & T 57.5%;
MIFMERBACRIE B 25%, B AR R H X
HEHE I 49.6%, 5 20% BACRAM LA I F I, 4
TEMET B RN 25% I, fADRHRLAR 11 & 4

) 43.2%, I IR B0 fig R 3P R ke A KR
G2 N BERY 45%0RLER KRN, gR R, AT
AEAS BB 2R 1 5T f ok 5 R 10 0 5 5K A R
HREE A KR TR e A TR

O B2 R, 22 R AR s 4 L i)
HITEFRE R R s E KRR . SRAEIT S iF
S8 T AERPBHR RN 0 ~ 14% 173 T4 %o B i A K
KB WIFEIR, SRR A 14% B, S AeE e 4
KRN E R TIRIEHACE B . g2 iR 2 50
YIRAREBETER, TR EAR S E+EE,
FEVR IR R 0 ~ 14% B, Bl A IS i 38, 5 58
0 2 A A 56 11 B il — 245 20 R T TYR SE R 7E
B AR JER TP ) R BT R SR [10,12] PR
T BT FH )77 P TS 0 A AR . 3R SR B
FHIFHE TR 5% ~ 100% A 1ok il 45 0k 1)t
W R f0, RS TS NI 3 A AR RV X R, 25 R 3R
W, B AREh 20% B, B AR HIGE . FRE b K
R ABH R | B IROR HUE S SEUS X IRTC
25t UER R 100% B, IR S EL LR IR 240),
Bairagi 2529 | 10%. 20%. 30% £l 40% (1) 453
RS e e m) 283 TRy MR SR P i 4y £, FEAN R
PR TR B, 10% WS I A5 s 78 & e A e
A, 30% B ES I i A2, Ul B A & B, AT
DARR S P A I o

6T 1 e 28 T P TR R AR A ok AN AT i
HEA A, I R R IR 2 A £ JIE W B R A
Foo — MRy, IFARFE 2. IS BRI I B 2 3R
HH A0 A FRARAS I TR FE AR, T U A 45 S I
JEE I 3 e T v T AR AT, X AT RE 5 AR Y
KA G A 06 A DR P 2 ARk A6 &
Ve AR AL SR I, DURRAE R v, 3217 5 38
JUE A A g, e B e 2 3 £ i F 5 vt A 2
MG,

4 £

FH B SRR B 530 5 A DW2602 Tk ¢
PRI o5 e 2 A fa f) ek G 35 4 0 B ) £ £ Fh A=
K, AR LA 20% fedd o YIFRMERICR R 20%,
TR R 1 E R AR 5 T 4.3%, S50 IRA
AL, IR RIS T 57.5%, HEd KRER
T 30.3%, AE ¥ BE AR AR L 43 5 R FE T 6.4% Fi
5.5%. P, LR DW2602 7627 JE =l
r ELAT AR I TS
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Effects of giant duckweed DW2602 as feed supplement on the
growth of tilapia fingerlings

YANG Qiaoqgiao', HAN Bingying?, YU Bohan®’, LAI Hanggui', ZHANG Jiaming>’
(1. School of Tropical Crops, Hainan University, Haikou, Hainan, 570228; 2. Institute of Tropical Bioscience and Biotechnology, Chinese Academy of
Tropical Agricultural Sciences, Haikou, Hainan 571101; 3. School of Life Sciences, Nanjing Agricultural University, Nanjing 210059, China)

Abstract: Leaf meal of giant duckweed (Lemna polyrhiza) variety DW2602 was used as a feed supplement in
the conventional tilapia feed at a rate of 0, 10%, 15%, 20%, 25% and 30%, respectively, and fed to tilapia
fingerlings at the feeding rate of 2.5%, 3%, and 4% of tilapia body weight for 40 days. The growth indexes of
the tilapia fingerlings fed with the giant duckweed leaf meal as feed supplement, such as weight gain, specific
growth rate, condition factor, viscerosomatic index, etc. were determined. The results indicated that the tilapia
fingerlings fed with the tilapia feed supplemented with the giant duckweed leaf meal increased their crude
protein content by 4.3%, reduced their crude oil by 0.9%, and enhanced their sulfur-containing amino acids
(methionine and cysteine) by 0.1% as compared to those fed only with the conventional feed, and that no
obvious change was measured in their lysine content. The giant duckweed leaf meal used as feed supplement
promoted the growth of tilapia (P < 0.05). The conventional feed supplemented with 20% of giant duckweed
leaf meal at a feeding rate of 3% of the tilapia body weight significantly promoted the growth of tilapia, and
increased tilapia weight gain by 57.5% and the specific growth rate by 30.3% and reduced the condition factor
and viscerosomatic index by 6.4% and 5.5%, respectively, as compared to the 100% conventional feed. This
indicates that supplement of giant duckweed leaf meal in the conventional tilapia feed at a given rate promotes

the growth of tilapia.
Keywords: duckweed; giant duckweed; plant protein source; fish feed; tilapia
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