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Abstract

In this article, the extraction and purification of the lactones from the bamboo leaves were studied.
First, after pretreatment of bamboo leaves, the lactones were extracted with ethanol in terms of
the extraction rate of lactones. Then, the optimal parameters, such as concentration of enthanol,
solid-liquid ratio, temperature and time of extraction were determined in single factor experi-
ments. Finally, the best extraction condition was optimized in an orthogonal experiment with four
factors and three levels (Lo (34)). The results indicated that the optimal conditions were 40% of
ethanol concentration, liquid-solid ratio 15:1, extraction temperature at 90°C and extraction dura-
tion of 3 h. After centrifugation of the extract, the supernatant was concentrated and then sub-
jected to purification by polyamide resins, DM301, D101, HP-20 and AB-8, respectively. Taken the
static adsorption and desorption rate as evaluation indexes, the result showed that polyamide had
better adsorption and desorption rate for bamboo lactone than the others, which was also favorable
for the separation of lactones and flavonoids from bamboo leaves. Therefore, polyamide was chosen
as the best resin. Subsequently, after concentration, the extract was subjected to the column separa-
tion, followed by elution with 20% ethanol before the effluent was collected. Finally, after lyophili-
zation and concentration in turn, the extract was collected, in which the yield (according to the orig-
inal bamboo leaves) and purity of lactones in the extract were 9.44%o and 46.2%, respectively.
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P NARABRRYT @Y, AT TIAE . EB L K, @A, R E AR &
B AT TARILHIE A A PG g S5, PR AT A T0T5 . WL, 1078, AR, Wik s, 1k Rg
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MR SRS, EPEB R FAERR. MR TR, B RS TR 2], KA EE
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HFH[4] [S]ANZEFRI[6].
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RO A, KRR WHRRAE SRR o WAl R N % B T

X5 HX-200 3 o 2 BEHLCHT VLK BE TR 2 L 2.8 )s HH-2 SR AR AR B (VL5 Gt T 24
B /R LB AT IR A F]): SC-3614 Bk B OoHL(Z O R R EE R (IR AT IR A F]): DZF-6020 FLARET48 (Ll
SRR A IRAT); SHZ-P(IN) FEFA AR IR R THRKEA IR IEA ) R-201 el iR AL
(bt A R AT IR A 7))s 722E SN IRV (R A IR A 7): 1.6 x 60 cm EHTHE( Ll
BURR T XA AR A ®])s BT1-200 R ( E#EBUS MG A IR A 7]); BSZ-100 A& I kas (L
KRS A IR Rl): LGI-12 A THR B (I s IR R A IR 7).

2.2. #RL KIS

22.1. IE%E
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222. TEES

1) JERL: GRS TR IRETH

2) TALEE: BREATHRuGIIITED, ARGV, RIS KBRS, KBRAM). £ 60CHEMT, HETESE
K EENT 5%, FRBENLERE 3 min, 4RJ5iE 60 H i, HEMTHEE.

3) 121 FH BRIV WEE, FEHERAREIREE . ORI BRI AN ()X S R . S5l
HBEAT BRI A IE RS IS, 19 MR AR IR 4G

4) B KEARAE 4000 rppm R ESC 15 min, B IE R

5) W4i: 7E50°C J—0.5 MPa B E T, R 28 RACK SR BUR IR 48 2 R AR 113,

6) MEHITIALIE: 2> HIHX 50 g AL . DM301. D101. HP-20 K AB-8 TR g, 6288 Fkik
ZH/N ARG, PR 95% L BRRIE 24 /e, BRIRZETLORE. )5, KIKH 5% K& 5%E AN
TSOR 4 /NI (B IR G Bk B b ). Ba, AR TKRIEH.

7) bR R TRALER LT DA RE AN ZE TR R, R RIS ok, i B KIE S ARG, AR
FeKifim FRIRZEH 3 em LLE, EAS P NFR T 2/3,

8) MkBft: FHBERRE N - MRS MPIAL, B AR pH A 4 J5, IAZEEWREREN . N
NN 2 R AR AR, RHRIE Y 2 mL/min, Lk ERE 7S 2 IR

9) MW WINESHRE, WRIKH 3 BV LB T/KH 3 BV 20% LRHEM, WA DI -

10) 7&K : PR ZRAL, FRUSCER I e LA 4 22 JEAR AR 1Y) 1/5 (28R I S BE mT A AR T ) o

11) AURT e BRI BEMIRIE-20°C k45, FE-50C &-0.1 MPa AN, FHERE /K5

G <5%.

2.2.3. WEF#*

1) PYEARHE T AF #h i 4%

PADFEAE A TS AARAE S, S UK o e e B[ 1] o VERRR ST AE 9 BE AR VEERE i 20 mg, T 40%
LSRRG, B A 25 mL, fHTEAL A BEFR (0.8 mg/mL). HERRIREL 2 mL IR TR A8 P BE R v
AT RE R, F 40% L RERERE R 20 mL, 1S<RTEAR P BEAR N RV . 4 S B E IR IRV 0.1, 0.5,
1.0.1.5.2.0 &% 25 mL T, ¥Min 40% 2 F% % 10 mL. LA 40% 2B %S VAT, 20 e 325.5 Al 385.5
nm FIERSGRE, fHEVERNA T



Y =0.08623X +0.01749(r* =0.999) (1)

W Y—— PR 21 s
X——A T AL P9 B8 I T P 94 (ng/mL)

2) B ARAE T A 2R 0 %

DU T ONARUES SRR AR - T R RN b R [12] . HERRRREUS T ARAERE S 20 mg, Fl 40% 2.5
fiRt, EAEE50mL, 5% T FrdES (0.4 mg/mL). #EREIRE 04 0.1. 0.5, 1.0, 1.5. 2.0 & 25mL ik
BT RRHER I 5T 10 mL RS . S6h0 5% NaNO, W 0.3 mL, JHCE 6 min; 51 10% AI(NO,), ¥
# 0.3 mL, JHCE 6 min; SN 4% NaOH ¥A¥K 4 mL 5, H 40%ZBEEHE R 2% E. #8225, HUE 15 min
J&i, 7E 510 nm AbMERSEE, FFLME R T7FE

Y =0.01235X +0.01497 (r? = 0.999) 2)

s Y—ROGREE
X——F T IR AR FE (ug/mL).
3) T AR R
RIRGTRE, WO EM BIEW, Miks 25 6%, 73 eI E B A 2 L i AL sE WO o AR A Ar it
M oh SRR BOR IR EE, Rt — DA AT R PR R
C=*V %25

Q="

®)

AH: Q——HHUE (%o);
C—— B8R & (mg/mL);
V——4 R AR (mL) s
M——1T B ) 5 & ()
4) 192 TN E
AEFFAFREL 100 g 77K, ERAESRBURME T HREL, W46 )5 H pHA MBERRE —4H - AR s i
%500 mL. A5, KE A ERIER B, WIHESHE, KK 3 BV &1 7KH 3 BV 20% £ EE 5t ,
WCER BRI, W4g BN EAAT 15, 2RI, TIREK &R <5%. WEEES, RE, HENERNEE.
Ml
P =100 (@)
XLt: P——1F%(%o);
My ——4fAL J5 P A R 1 5T () s
Mp——1T ¥ 1 5T 5 (9) -
AEFIFRIN 2 mg 7T N BER R, H 40% S BEEME, E4 % 250 mL.  FH XU K73 060 v e W o 2
B, FRAERAE M2t B BRI RS, #Em TR H N BRI AE R

_C=V

R 100 5
I ®)

X R——4E(%):
C—— MBS ¥R & (mg/mL);
V—— N B E R AR (L) ;
M—— A R R 1R 5T ()



2.24. BERNE

1) LR T P B B E R I 5

BN 100 mL HETEH, Y9N 2 g 778 A0 40 mL 2B VA v (AR B 0 1 209%. 30%. 40%. 50%-
60%/% 70%), 7£80°C NH&HL 2 ho FRELHIR, HHIRIK. RHEELC, WBOGEE, RIEAXEG)ITHHE
Prt ISR IR o DRI PN AR AE, 25528 Sk BE XAy it P Bt B S 00

2) VBRLEE T N R ECR 5

HUNAS 100 mL #ETEIM, 39 2 g 7T0ERy, 285l 40% £ 10, 20, 30. 40. 50 /& 60 mL, fE
80°C FHEHL 2 ho FREUHIIR, & IFHRHGH . WEI GBSO, MIMROGEEAE, AR HE A @) T F AT A R IR HCR .
DAFRICR VPN ARAE, 25 SORNR LT i Py BEFREL 520 o

3) FEHCIR ERT T P T 2 H 4 1) 5 )

HUSAS 100 mL #ETEE, SN 2 g 778 Fl 40% Z BV 40 mL. 34059 50°C. 60°C. 70°C.
80°C. 90°C & 100°C, #2H 2 h. R, &I, WHEEO, MBOGEAE, WA XEG@)HET
- ER A HEECR . DAREUCR PPN AR AE, 5 S BRI B A7 - P9 R SR E A 52

4) FEEUS [RDRHT I P T B EER 5 1

HUNAS 100 mL AEFE R, S0 2 g PR Al 40% Z B2 40 mL. IFA]Z3 504 0.5, 1.0, 1.5, 2.0,
25 % 3.0h, 7E80°C FHEEUMIK, &I AEEEC, MEREEE, MA@ EATH AR
PEHCEE . DR PENARAE, B SR 3R U [T I P BE SR E ) 50 o

2.2.5. REFHAIEAE

N T HE SR N ER BRI, FERIR R MR b, B DU &R = KOP Lo(3Y) IR IR K. W
1R, HEEFKTSHR8: LR (30%. 40% K& 50%), #HiRkk(10:1. 15:1 & 20:1), $HEHURE(2.0.
2.5 J2 3.0 h)o DUREUFNESIGIR, Al % KZ AoK1xf ] BE S IR 520 o

2.2.6. HEEFATHE

EHUCR B . DM301. D101, HP-20 K AB-8 Fifififig, XHA7T S AT s B A ff i . 4120
3 H ST - A T PR B R AR R S R R S AR T o ARJE S R IR I B AT Bh A AR, BRI

1) B AR AT I pAy T T e A R B

YEE T PR BT AL B4 ) A S (R kA% . DM301. D101, HP-20. AB-8)% 5.0 g T- 250 mL /&4,
P BN SR B 4 50 mL (M BE. BRI EE 53 708 0.512 J¢ 1.09 mg/mL). JAAIRZ#%, £ 25°C K&
110 r/min A4 R, #R% 24 he WG, FFEDIE, BUEHFE 50 5, 20 FIXSEB A 23 Y6 0 B VE R
FRER - MRS R BN b Cy2all s P e R B IR (IR 5 o 42 I 3T E B85 R ARG 7 e I R 54 R £ R B 2 (%)

Table 1. Orthogonal test factor horizontal table

L ERRBERERK TR

FHES
K A B C D
1 30 1011 2.0
2 40 151 25
3 50 20:1 3.0
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_C,-C,

x100 (6)
0
K Q—— & (%);
Co—— WA B (mg/mL);
Cr—— R b Ji5 ¥ & (mg/mL)
2) B KA I A R R 5 A A
EI P9 2L B b R ) TR AR s, 2 BN 20% K2 80% . VA VR AR « TR 28, 7E 25°C % 110 r/min
R, 4% 24 he EREITIE. F LA E T VENAR R R I BE AN SR IR, 4R ST SRR 2R (%) -
CZ *VZ

W=—_2""2
(Co-Ci)*V,

%100 (7
s W—— % (%)

Co—— AW IR A P (mg/mL) ;

Vo—— B AR R (L)

Co——WIUH K & (mg/mL);

Cr—— MR Bt i ¥ B (mg/mL) s

Vi —— W R AR (mL) -

3) W BRI B B 7 A0

TR 58 B B AR AR F TR, AR P P TS R B I 2 543 70l 0.512 1 1.09 mg/mL. bR 2
BV, ¥#AN 2 mL/min. WL H G, KK 3 BV 25 T/K. 3 BV 20%ZEF1 3 BV 80% Z ¥k Mt .
BB R, R 3 I — 2 P T R B P R ' FE AR

2.2.7. Gt ot
ABEFTH, AR PAT =0 RS R =T 2 A

3. BREHh
3.1. CEEIRE T ABEER BN RO R2 N

CEERFEXATH A BRI R i ] 1 proR. B4R, BEAEWRFZEHN, SREBCGEANIE N, KN
40% I}, FERHRIE B KA (5.63%0); ZJa, SREWERE DN, SRPCREH T LB A BRI
SNSRI AT REN: oG, MRARARCUR A R, AT P BRAR PR/, AT BLK B A M A 35 A 1R 1 S B
T IR 40% ), P LA RCR By, (BB IR Mt bR, ARV AR R (G5, BRI
RN, TS BUN BT 22109800 . T 40% Z B0 AT It A B (R R O8O e

3.2. ARIEERTFr AEEIR BXEY RN

N T B EERRHET A BE SRR, R RORL B 5:1~30:1, &5 RME 2 Fron. &Y, IR
W B VBB B B T RS N, RO 161 I, SRICGRIB B B KB (5. 77%0) . )5, BEAE TURI LAY
m, PRBCGREEARGRFEAL . BEAAZEH T T NIOTAG, WORHECHEINES, A7 AR 5 SR BOA 7
PRMTIIG R, WEERIEYIE B SR, RIS 15:1 I, 45K 1 N i 2B WAL LB
T, SREEREINTETIRAR, S AR PE AR SR IR R . HIE 2 VAN UG N T SR AR S A
BN T ARIBUSA . MER G, EFRERURI Y 15:1.
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Figure 1. Effect of ethanol concentration on the extraction of lac-
tones of bamboo leaves
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Figure 2. Effect of solid-liquid ratio on the extraction of lactones
of bamboo leaves
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3.4. iRENEEIXH T ABESR BB

PEEU )57 H P BESE B RS an P 4 Fros . BESE I A AO 2B, AT PTG B ECR B e i, 75 2.5
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Figure 3. Effect of extraction temperature on the extraction of

lactones of bamboo leaves
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Figure 4. Effect of extraction time on the extraction of lactones
of bamboo leaves

[ 4. $RENATIE) 31T PO BRI BXEY R2 00

W SR BRI PR . LA EL R B AT R e . BEAE I (R A3 0, P S AN e H R, B

HAENER R RN, SR TAEIE 2.5 h )5, ZKERTELE, (LSRR8, HEEE R E K0S

K, WEEREAZT, BHPEML. Bk, JRETH SR, SR U E Dy 2.5 ho

35. REFHRIIEI AL
7 SR ESR AR A IE AR 45 R A 2 PR o AR B8R, AT N B SR BRI R RNy SRR >

RN IA] > BORHEG . SR ZE T, B T =R IR AB,Cs, 5 EIL D HTHIRMALE AB,Cs

A, MO EIIERE:, BV E RIURBOCRAT: CORFRIE 40%, $REUN A 3 h, Wikt 15:1.

3.6. W BEX P NES AN SREREEHAS IR B LA K 2 B2 R FE X T R BE AN SRR E AR A

N T RN I A B BB AR, 23550 5 R G ATk A B AT T ARSI s, R i 200041
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Table 2. Orthogonal test results of extraction conditions of lactones of bamboo leaves

2. M AR R AR SR A RO E R IR AR 45 R

SN
A LI R EE SIS [H] 255 I ES
F5 (%) (m/v) (h) (%0)
A B ©
1 1(30) 1(1:10) 1(2.0) 1 5.89 +0.03
2 1 2 (1:15) 2(2.5) 2 5.99 + 0.04
3 1 3 (1:20) 3(3.0) 3 5.89 + 0.04
4 2 (40) 1 2 3 5.82 +0.05
5 2 2 3 1 6.20 +0.04
6 2 3 1 2 6.06 +0.05
7 3 (50) 1 3 2 5.94 +0.05
8 3 2 1 3 5.81 +0.06
9 3 3 2 1 5.84+£0.04
K1 17.77 17.65 17.76
Ka 18.08 18.00 17.65
T =53.39
Ka 17.59 17.79 18.03
R 0.16 0.12 0.13
KR FE—-K ACB
AR AL A S At AsB,Cs
Table 3. Adsorption rate of resin for lactones and flavonoids of bamboo leaves
72 3. AR XT PR AERFN SR BRAYD IR B
% B 2 (%)
DiliEE =i
A B
B % 87.5+0.3 85.9+05
DM301 83.9+0.4 78.9+0.6
D101 83.1+0.3 76.2+05
HP-20 85.3+0.3 80.4+0.4
AB-8 87.8+0.4 84.7+05
Table 4. The effect of ethanol concentration on the desorption of lactones and flavonoids adsorbed by resin
32 4. CEZIR BE XA AR U BT A0 PR BR Fn SR ER AR IR A9 20
IR 2 (%)
DiliEE =i |
20% 80% 20% 80%
B 80.5+0.3 96.7+0.2 146+1.1 91.9+14
DM301 19.3+0.3 945+0.2 223+15 91.7+1.1
D101 17.8+0.4 86.9+0.3 19.1+1.4 89.0+16
HP-20 12.7+0.4 90.1+0.3 19.9+1.1 92.1+14
AB-8 24.0+0.3 91.8+0.3 228+15 92.9+15




i IR B A ZEAN K, b BRI IR AN AB-8 K AL IR MR Y R de i, T 20% ZREPEMiy, AHELT
FARDUFRR G, SR R h 47T i P I £ A % B K (80.5%), L X T 114 Ak 36 35 LR (20 20%): i 80% &
BEVEBLI S TURIRE i P po R AT B (0 AR R B (20 90%) o AT At ISR IR IcA Mg AR RIS, AR
PR LT RT LUK K ER 7 AR AR HH oK, T R BE AR /> BB . o] AR FRRE A R AN B B 20 T, AT
e NEERIAEEE . R, AP R ML I -

3.7. MEEFEERRYSERRIF 2

DAY B R 2 ) B A e T i 4 43 Al an Pl 5 R 6 o S 2 L, PN TR B I X B A i £ 30 T S B
R, FH 20% L EEBE BT, JRHR 4 4 R A D S B EABEE T R s FH 80% L RESELET, F AR/ RN
P AN K B A e i T ok WO —DIRUE T SR IR e 08 AU 1 2 B AT b R R Y R AN B, AT
A BRI . I AR R R R AT RE A BRI R R AR T, T SRR R A 2, 0 TR
B iR, SERBGES G R [14]. NEREY AL D, WRBE IS, MUK FE IR £ B AR O A Y BRI T
K, T T IR B A RERG KR R VLB R K . {H DM301. D101, HP-20 A AB-8 A K ALK B A4 i »
R M NAES TR S TR, FEERRR M. MR A IREE S R R AT k.
HA @ TALIREE A, AT E R 85 1 B Al A ) DT T R B 55 A A HLAI[15] WOk P i R 25 R 11 Vi
B IR, WON T RGBT N ER AN, P B A ARE, i SR IR A o

3.8. fIHABERYIS ML

W bk 2.2.3(4)HHT7%, T rHR I AR AS SR ANAE R, S5 R 5 s, P9 100 g 17
A3 2 77 S EI R J5 & 0.944 + 0.015, WROGEEZE {8 v 0.060 + 0.007. #ithR 4t 24 2X(4) M (5) 5431 it
FEEU R, TS 13 R4l FE 43 51 9.44%0F1 46.2% .
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Figure 5. Dynamic elution curve of lactones of bamboo leaves

El 5. Mt BRI BIZS SR Hk

Table 5. The yield and purity of lactones of bamboo leaves

%% 5. MMt ARSI = FaEE

AR E I B (g) W ZEE 53 (%o) 21 (%)

0.944 +0.015 0.060 + 0.007 9.44 46.2
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Figure 6. Dynamic elution curve of flavonoids of bamboo leaves
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