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Abstract; Taking cultivar ‘ South China 7, *South China 9’ and °South China 205’ of Manihot
esculenta Crantz as research objects, changes in contents of hydrocyanic acid, total flavonoids and main
nutrient components in tender stems and leaves of three cultivars after cultivated for 90, 120, 150, 180
and 210 d were analyzed, respectively. On this basis, the optimal harvesting time of tender stems and
leaves of three tested cultivars using as forages was determined. The results show that with prolonging of
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time after cultivated, changes in contents of hydrocyanic acid and total flavonoids in tender stems and
leaves of three cultivars show a fluctuation tendency, in which, hydrocyanic acid content in tender stems
and leaves of ‘South China 7’ decreases significantly after cultivated for 150 and 210 d with 347. 843
and 320. 507 mg - kg™', respectively, that of ‘South China 9 is the lowest after cultivated for 150 d
with 313. 643 mg - kg™, and that of ‘South China 205’ is the lowest after cultivated for 210 d with
75.103 mg - kg™'; total flavonoids contents in tender stems and leaves of ¢ South China 7’ and ‘ South
China 205 are the highest after cultivated for 120 d with 1. 963% and 1. 917%, respectively, while that
of ‘South China 9’ is the highest after cultivated for 210 d with 1. 801%. Contents of crude protein and
crude ash in tender stems and leaves of three cultivars of M. esculenta at different growth stages are in
accord with related animal forage standards, while their total phosphorus contents are low. In which,
contents of crude protein, crude fat, crude fiber, crude ash and total calcium in tender stems and leaves
of ‘South China 7’ are relatively high after cultivated for 150 d with 25.273%, 7.687%, 23.077%,
7.157% and 1.660%, respectively, its nitrogen free extract content (26.823%) is relatively low.
Contents of above five nutrient components in tender stems and leaves of ‘South China 9’ are relatively
high after cultivated for 120 d with 28. 050%, 6. 990% , 21.557%, 8. 467% and 1.493% , respectively,
its nitrogen free extract content (24.723%) is relatively low. Contents of crude protein, crude fat and
crude ash in tender stems and leaves of ‘South China 205’ are relatively high after cultivated for 120 d
with 24.273% , 7.080% and 7. 633% , respectively, its contents of crude fiber (18.470% ), nitrogen
free extract (32.037%) and total calcium (1.323%) are relatively low. The comprehensive analysis
result shows that the optimal harvesting time of tender stems and leaves of ‘South China 7°, *South

China 9’ and ° South China 205’ using as forages is after cultivated for 150, 120 and 120 d,

respectively.
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BEXAE WA 48R 7 5 (“ South China 7°) | * 4
95 (“South China 9) Fll ‘1€ R 205° (¢ South
China 205 )3T 2015 4 3 H AP T+ E #aii ol Bl
S BEASE SAT R AP IF9 A ) ST 6 Sl b R A
HARZS 109°29'33" b4 19°35702", % X B8 @ $A
T2 RS, DN BR DG 78 | FR 3 R, AR 34 H IR 28
2 000 hLL I AFERE K EE241 800 mm , AE 143 23.5 C
KB 15 72 18 DB46/T 105—2007 Fiifis,
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150,180 11 210 d, A 25t i 2 31 Bl AL 326 B 94
FHIE PIREAR 5 BR , SR SEAE MR B 43 =S it ( RIVIE TG
SEM KA 10 em AL UTWTARAR 12 I SR R ) | H TR
— AN IBCEEIR Y], T 4 CIRAE B H
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(NH,Fe(SO,), « 12H,0 ) #WAE AR /R 7, JFH 15
mmol + L™" KSCN WA T & , FEA R B IRFFLL @
Bk, FEME 3 WK, 45 R BCFHME .,
1.2.3 XFme&zehme 2T bR a4l .
KEBAFKIBLT 105 °C MET 248 B9 27 T hR o (1
H PR 28 7], A2 =45 F8525) 0. 055 g, A&
RN 50% ¢, 56 4V i I AR B4 80 50% & 1
FEAS R 100 mL, ¥25) 5 RAF BTV 0. 55 mg + mL™
B T AR E R, IR EE 1.0,2.0,4.0,6.0,
8.0 Al 10.0 mL T 45 #E & ¥ W, & H NaNoO, -
AL(NO,) ,-NaOH 3" B 4 )5 T K 510 nm 4b
TE ZR NPT AR U A TR RO, DR 435 50%
LR ZS FARTR . DAAS A IROGAE A AR R (y)
TR BE R ARAR (x) AR ERR R

W fef AT 7E 60 °C BT 2 46 i I A%, R
FHFRET A Bh 2 Tty AR B o 09 4R B
FAARFR ST EL 50% C B BRELE (Vem) iy 4001, B8
EE 60 W, $2 BT E] 30 min, BN SR EL 2 TR R
FH 3R A0 )5 TR 510 nm AL 0 72 745 00 94 ) R
JefE, EEWE 3 W, RBOFEIE, MR
ARAS 1A 5 R TR BB 5 i
1.2.4 EZERARSAZTHMNZT KA H,S0,-
K,S0,-CuS0,—Se {7 72527 5 R 14 5 & 42 5
SR FHJEF WS 43 6 0 HE 1 (AAS ) 7T 0 i
B R H,80, —K,0, W & 45 4 HLAH B et
P LTISONN E BE A i BB GB/T 6434—2006
B 5 0 S AL AT 4 55 5 >R FH GB/'T 5009. 6—2003 H?
(4 77 0 2 ML 7 75 i 5 R T GB/T 6438—2007 H111
Jr e R A i, B RPR I 3 K, 4
RECEYME, TR B & ERIEANX LA E N
Yy = 100% — (K 70 7% 2+ L3R (1 5 & + 4L TR i
T A RO i) TR
1.3 HIBRERSGITHT

K HH EXCEL 2010 #4047 £ 4 2R 158 5 5%
HH SAS 9. 4 it oA R k4T 25 57 W E VAT

2 ERFHM
2.1 AZBSHEET S WEM SR, SE

REEEFHRSESENTH
2.1.1 AFBRFLHASEH T FHEE AR

AR 1,

1AL, < AERg 7 %5 R i i A AR & i
FERMESS 150 F1210 d ol &= 5, H =% B &L
FJ5 90,120 F1 180 d (P<0.05) , Hf K AH (942. 230
mg - kg™") FlE/IMA (320. 507 mg - kg™ ) 435 BLAERD
FEJG 120 1210 d. 3% b Fh SR i rb A B0 B i 5 1
KA BAEFIAE T 120 d(1.963%) , Wi TRkt J5
90 d,{HH1 e & & FAMESS 150,180 #1210 d.

®1 MERAREMHEAERM LE7S BEMHPSEBRMEE
&M (X+SD) Y

Table 1 Changes in contents of hydrocyanic acid and total flavonoids
in tender stems and leaves of Manihot esculenta ‘ South China 7’ at
different times after cultivated ( X+SD) !

FiE 5 B 1]/ d AR A/ mg - kg™ ST %
Time after Content of Content of
cultivated hydrocyanic acid total flavonoids

90 511.933+55.718¢ 1. 757+0. 150ab
120 942. 230+ 167. 906a 1.963+0. 142a
150 347. 843+25. 287d 1. 477+0. 286b
180 781.247£69. 551b 1. 637+0. 127b
210 320. 507+38. 693d 1.597+0. 102b

VIR R [ NS R R R 2% 5 3% (P <0.05) Different
lowercases in the same column indicate the significant difference

(P<0.05).

2.1.2 EZERBRLSASTHTN PG AR E
RGP AERE 75 WEEn b RS R RSB
AL 2,

&2 L. 4ER 7 5 SR A HLEE (AR
B iR L BEARE S B ] 4 2 IS R AR T
A ERAEIS 90 1120 d TR EFEES, H %
WE R T AR S 150, 180 1 210 d, Hi & KA
(28. 477% ) FE/IME (18. 970% ) 43 5] i IR AE Fb Al J
120 1 180 d, A FhICEE M- v AHLAG D7 2 1t Bl b A
Ji B[R] RE A 52 B S T e s R AR ) A2 A ke 4, BLAE AR AR
Je AN [ i 1) 22 S5 4 3, Hodme R (H (8. 630% ) Filie/IME
(4.377%) 435 BLAE RIS 120 A1 210 d, %5 Fh
BRI v P RELZT 24 5 - ot P ) i) S 4 22 B0
T e i WATG 1) 728 A 35 FE P AR S A ] B i) 2 5=
= HE KA (23. 077% ) A /IME (16. 900% ) 4351
PUTEFPHLS 150 A1 90 d, 12 i R IS i rp (R KL K 3
T BEFATLIG I [A] S S B T AR A AR ka3, L
FERPAE S5 AN [R] IR 25 57 02 3 FL i K (8. 0009% ) 1
e/ IMEL( 5. 153% ) 43 5 A AR S 90 1210 d, %
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Table 2 Changes in contents of main nutrient components in tender stems and leaves of Manihot esculenta ‘ South China 7’ at different times

after cultivated (X+SD)"V

FLR 1L/ d #8/% Content

Time after HLE PR AL HILF 4 MRS AR 255 4%
cultivated Crude protein Crude fat Crude fiber Crude ash Nitrogen free extract ~ Total calcium  Total phosphorus
90 28.390+0.332a  6.593+0. 106¢ 16.900+0. 079¢ 8. 000+0. 260a 30.397+0. 517¢ 1.300+0.010¢  0.450+0. 010a
120 28.477+0.275a  8.630+0. 082a 19.187+0.042d  7.673+0. 083b 25.947+0. 204e 1.427+0.021b  0.463+0.012a
150 25.273+0.608b  7.687+0.051b  23.077+0.086a 7. 157+0. 046¢ 26. 823+0. 670d 1. 660+0. 070a 0. 343+0. 006¢
180 18.970+0. 139d  5.507+0.070d  21.687+0.047b 6. 660+0. 111d 39. 060+0. 201b 1.473+0.040b  0.377+0.012b
210 20. 127+0.435¢  4.377+0.032¢  21.100+0.026¢ 5. 153+0. 035e 40. 577+0. 405a 1.093+0.006d  0.283+0.015d

D [R5 R F NG FEE R R 25 5 35 (P<0.05) Different lowercases in the same column indicate the significant difference (P<0.05).

s AP R rh ) JC AU A B i BE RO ) 2
SIS RRAS T AR A B H AR PR IS AN 7] B[]
ZS N A KA (40. 577% ) Flf/IME (25. 947%)
Sl BRAEFRAELJS 210 1120 d,

M2 00T UL, CAERE 7 5 W B
et AR IS B TA) A K 22 B ST T S5 BRI ) AR Tl e 3
HAEFHS 120 F1 180 d 225 A 3 (B e H A R
JE ) 22 5 2, A KA (1.660%) Fil ik /N H
(1.093% ) 43l H BAERIAR S 150 A1 210 d, %5
BRI BB B AR AL 90 T 120 d TG 3E 2
S H T B TS 150,180 F1210 d, Hifge K
{B.(0. 463% ) Flfe/IME (0. 283% ) 43 91 H B AE Fh ke i
120 1210 d,
22 REGMLEI S WEHHSER, ZHW
BREEEFHASENTL
2.2.1 AA WA EHES 2R FAEE A R
[ ACEE Tl 4B RT 9 57 W I v SR LR T
HARL IR 3,

3 UL, < 4ERg 9 5 Bk b ) A AR B
g it R sF [ B S B R AI 5 T ) AR L R
HAEERME)G 210 d B2 & FH AR E B (P<
0.05), Hifx Kl (823.693 mg - kg™') il /N E
(313.643 mg - kg™ ) 43 B BRFERMAEJS 210 F1150 d,
A R R I R B B B S R R B T R
E—T+ " i AR fb i %4, HAEMRLIS 120 #1210 d &
FE T HAR G R H A 22 R B, Hix
KAE (1. 801% ) Al e/ IME (0. 993% ) 43 M BRAE Ff A
J& 210 A1 150 d,
2.2.2 EEZBHRBRHSLSEHTA G AR HE
RN AERT 9 5 WA E SR R
AW 4,

*3 MERAEAMBEAER# LHIS BWEHPSERMEHE
& EHIEM (X2SD) Y

Table 3 Changes in contents of hydrocyanic acid and total flavonoids
in tender stems and leaves of Manihot esculenta ‘ South China 9’ at
different times after cultivated (X+SD) !

FHURI A SURMRA /e - k| RHOHA /%
Time after Content of Content of
cultivated hydrocyanic acid total flavonoids

90 545. 423+61. 529b 1.357+0. 117b
120 539. 727+156. 265h 1.723+0. 210a
150 313.643+12. 211¢ 0.993+0. 065¢
180 410. 717£63. 397bc 1. 433+0. 050b
210 823.693+55.811a 1.801+0. 131a

VIR B AN T /N R R OR 95 5 i 3% (P < 0.05) Different
lowercases in the same column indicate the significant difference

(P<0.05).

4TI, ARG 9 5 MK o AR AR (1
B LR L B RR AR JS B R)AE K 2 B T R A Y
AR B, A RO S N R B ()R 22 22 5 W 5 A
Pl KI5 180 A1 210 d [A] 22 5 A W 2, Hod K {E
(28.050% ) Flf/IME (19. 237% ) 53 ) H R AE b I
120 F1 180 d, iz SR (ARG 197 25 1 76 i A
JE AR AR 22 22 S 3 AAE RIS 90 #1150 d
) 2% 5 R 5, o K AH (8.387%) i /I A
(6.460%) 43 5| IAEFIAELIS 180 F 150 d, 2% b
S I AR 2T 2 5 e SRR — T R — R AR )
Al AR HAEFL G A ) i) 22 59 4 2, Hodm Kl
(24. 183% ) Flf/IME ( 20. 800% ) 53 1] i IR AE Fh il I
150 F1210 d, iSRRI 43 B it Bl A A
S B ) 4 B2 BT v I B AR ) AR Ak ke 34, HL ZE A
J5 120 F1 150 d M2 R AR E (H - F B Em TH
% P 5 B ), O R K (E (8.467%) 1B /ME
(6.660% ) 43l HH BRAEFRAE 5 120 F1 210 d, %4 FP
R T TC 2R A B R BT () S S R
SERAE R AR bk e BAEFES 120 F1 150 d



88

T BT IR 5 3 BT

526 &

®4 MEETEAMEAERMN £HIS BEMHFETEEFHSTENEL (X2SD)Y

Table 4 Changes in contents of main nutrient components in tender stems and leaves of Manihot esculenta ‘ South China 9’ at different times
after cultivated (X+SD)"

e fE i) /d /% Content
Time after ML HLAES HIZF e HK S TR 3845 2858
cultivated Crude protein Crude fat Crude fiber Crude ash Nitrogen free extract  Total calcium  Total phosphorus
90 22.957+0.272¢  6.507+0.100d  22.813+0.042b  8.080+0. 072b 29. 813+0. 326¢ 1.430+0.017¢  0.370+0. 000b
120 28.050+0.410a  6.990+0.026c¢  21.557+0.029¢  8.467+0. 181a 24.723+0. 346d 1.493+0.029b  0.420+0. 010a
150 26.647+0.345b  6.460+0.066d  24.183+0.051a  8.410+0.072a 24.387+0.315d 1.950+0. 056a  0.407+0. 006a
180 19.237+0.441d  8.387+0. 111a  21.187+0.021d  7.063+0. 047¢ 36.377+0. 541b 1.243+0.006d  0.343+0.012c
210 19.267+0.100d  7.750+0.010b  20.800+0.026e  6.660+0. 135d 37.627+0. 191a 1.467+0.015bc  0.347+0.012¢

D[]8 A AN ] (1) /NG R 3R 25 57 8 35 (P<0. 05) Different lowercases in the same column indicate the significant difference ( P<0. 05).

[E12 2 T 2 e T2 o = - £ [ 2
T RAA (37. 627% ) FldR/IME (24. 387%) 43 il HH BLAE
FhHEJS 210 #1150 d,

R 4380 0L, AERE 9 5 R v B B A
et AR IS B ) S 2 B T e — B AR — T i 1y A
fekaR, HAEF R 5 AN TR B 18] R 22 22 57 W 3, (CAE
M5 210 d SFMEJE 90 A1 120 d [ 22 53R 8 2%, Hif
KAB (1. 950% ) Al dse/IME (1. 243% ) 43531 H BLAE R A
J& 150 A1 180 d. i i A A I Hh (R SO 5 s AR
BifR AL I ] A4 S BT e I BRI B 28 A e 34, B
TERME S AN RIS ) K 22 22 5 2 ANZE AP S 120 AN
150 d LA & 180 £ 210 d [6] 25 57 A g 2, Hodg K
(0. 420% ) Fldse/MA (0. 343% ) 43 W AE AP ARG 120 d
1180 d,
2.3 KRERM EE 205 5 WEMHHPIEER. B
R EEEFRFIEENTH
2.3.1 AfRBAEFRAASEW TN FE AR
(AL Fh < A6 205 5 IR H SRR S BT
TS,

F5 MEEAEREAE R LR 2055’
HERSEMZ (XSD) Y

Table 5 Changes in contents of hydrocyanic acid and total flavonoids
in tender stems and leaves of Manihot esculenta ‘ South China 205’ at
different times after cultivated (X+SD) "

EHhERBRNE

P S I 1)/ d AFMR A/ mg - kg™ SEHCHR 5 R %
Time after Content of Content of
cultivated hydrocyanic acid total flavonoids

90 415.290£65. 278ab 1. 497+0. 074b
120 383. 300+70. 338h 1.917+0. 266a
150 486.227+34.432a 1.393+0. 127b
180 430.707£21. 645ab 1.533+0. 117b
210 75.103+11.911c¢ 1. 903+0. 068a

D[R FN R 6] 1 N SRR R R 2 5 3 (P <0.05) Different
lowercases in the same column indicate the significant difference

(P<0.05).

75 Al WL, < AEFg 205 5 WCE M SRR
SRIEFES 120 #1210 d 5%, H = #% B BT
e 150 d(P<0.05) ,JFFERME S 210 d KT
HARFIRE S I ] | Hodse K AR (486. 227 mg - kg™ ) Fllfx
/ME(75.103 mg - kg™ ) 43 B BLAEFP AR JE 150 Al
210 do 2% PR s i v e S R S AR RS 120
210 d 23 & TFRLS 90,150 #1180 d, H.7EFh
M J5 90,150 1 180 d [A] 2% 5 A W 3, Hd KA{H
(1.917%) Al fe /IME ( 1.393%) 43 5] 13 B AE F 4 )5
120 #1150 d,

2.3.2 EEBTRBRSLEH TN FIEASFE R E
AR AP AERG 205 5 BRI BB SR B i
A L2 6.,

7 6 n] UL, 48R 205 5 WCE M g R 1
JoT 5 e BEAS L Bt AL B ) EE K 2 AN DB R A A A
feta$, HAE FhAE S A [ i e ok &2 22 5 8 3 AUHE
Pl RIS 150 A0 180 d ) 22 S A W 3%, Hif KA
(25.293% ) Ff/IME (12. 117% ) 43 5] HH 38 AE Fh Al 5
90 A1 210 d, iZ&h R i b R AR D 7 & TR Fh A
JEANFIRT IR 2 25 5 0 2 {AERIAR S 120 1 210 d
] 22 5 A 0 3, Ho& KAE (7.943%) F1 &% /MAE
(5.517%) 43 th BRAEFIAE S 150 A1 180 d., X AP
BRI v PR REL 2 2 i A RS A [R] B ) K 2 2
S AEMAES 90 A1 120 d 0] 2% 50K 3, Hfk
KA (22. 473% ) Filf /M (18. 470% ) 43 5] H BLAE b
TS 150 F1120 d, i S FPECEE A R IR 23 75 dt Bl
TR I o 0 B 4 S22 B SRR AT ) AR Ak ke 34, FLAE A AR
Je AR s ) 25 57 2, LA R (BL (8. 147 %) Ml /IME
(5. 147% ) 4y B BUAEFPRLG 90 1210 d, 25 R
2R R JC R Y B i AR B ) S G S A
Wi Th AR A B HAE RIS AN R B (R K 22 25 5
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Table 6 Changes in contents of main nutrient components in tender stems and leaves of Manihot esculenta ‘ South China 205’

at different times

after cultivated (X+SD)"V

FLR 1L/ d #8/% Content

Time after HLE PR AL HILF 4 MRS AR 255 4%
cultivated Crude protein Crude fat Crude fiber Crude ash Nitrogen free extract ~ Total calcium  Total phosphorus
90 25.293+0.257a  6.337+0. 040c 18.527+0.025d 8. 147+0. 090a 31.870+0. 413d 1.383+0.015b  0.353+0. 006a
120 24.273+0. 150b  7.080+0.246b  18.470+0.026d 7. 633+0.076b 32.037+0. 142d 1.323+0.006¢  0.317+0. 006h
150 19.857+0. 156¢  7.943+0.015a  22.473+0.060a  7.377+0. 080¢ 32.897+0. 155¢ 2.207+0.040a  0.287+0. 021c¢
180 20.150+0. 095¢  5.517+0.057d  19.413+0.051c¢  6.250+0.087d  41.123+0. 110b 1.377+0.029b  0.290+0. 010c
210 12.117+0.375d  6.947+0.015b  20.683+0.012b 5. 147+0. 064e 46. 540+0. 436a 1. 187+0.025d  0.253+0. 006d

D [R5 R F NG FEE R R 25 5 35 (P<0.05) Different lowercases in the same column indicate the significant difference (P<0.05).

F ANAERAEE 00 A1 120 d fE] 22 N 3, Him KM
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