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Establishment of content determination and optimization extraction
condition of total alkaloids in Maca
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Abstract: To establish a method for the assay of the total alkaloids in Maca,and investigate the contents from
different origins. With the oxymatrine as reference,the method was established by purified acid dye colorimetry
and optmized the extraction condition by response surface method. Acid dye colorimetric conditions was as
follows : adding pH3.5 buffer 3 mL and bromocresol green colour reagent 3 mL,then detemining at the
wavelength 412 nm. The optimal extraction conditions was found to be ratio of liquid to solid 23:1 (mL/g),
temperature 82 °C,time 2.1 h. The extraction efficiency of total alkaloids from Yunnan yellow Maca under these
conditions was 1.3 mg/g compared to 8.4 mg/g from Tibet black Maca,highest among the five species
investigated. This method was simple,highly sensitive,accurate and reproducible,which could be used for
determination of the total alkaloids in Maca.
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1.2.1  HIH %

1.2.1.1  Hhubn S AR R L O 1 & FRE E
K2 g, IN20 & 47K, L8O C/KHTHEHN2 h, $EHL
W4000 v/min 20015 min, WA FIEWOIR) IR 46 2 1/4
RFAPFIR G B, LA10 mL 2% (1 Eh IR 75 iRt , 1L 9%, 4%
W10 mL 2% P ER TR fE, & I8 . T 2 /K I
PR pH T 2~3, SR G ACEL =K o o FRPL B
JH5 mol/L. NaOH¥% ¥ 15 pH A2 9~10, S5 AT S )T A
B =R, G IR R BG, 75 R MR4E 2510 mL, BI1S F i1 &
A=A AR B R

1.2.1.2 PRSIl a5 RS S R T 22 e
PR A AL 5 25 00 B 20,56 mg, B 1200 mLA B iR
Ho, ST R R A Z L R A, RIS R R R N
0.1028 mgemL {5 Fl 5 0K
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CuR R 512D U 1Y pH, 0 /K B BE 451000 ml, 4,
HIAS .

1.2.2  Bhuh s A=A make ) JRIE SR bh ey s ST
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Table 1 The experimental factors and levels of response

surface methodology
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2.1.2 RGBS E  Sd g R mE2pT R, B
R B3 mLE, AU SR SRR
25 W B KRG FE AR, BRI A a2 1 1y &t Tk £
FHE M3 mL.
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Fig.2  Absorbance of the different amount of reagent
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Fig.3 Absorbance of the different amount of color buffer pH
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Fig.4 Absorbance curve of different the amount of buffer
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JEFRES 6K, WG ERSD M 1.65% (n=18) , 3 W K525 iF
FFEEk.

2.2.3 R PSS AR I I A5 AN [F) R TR W O A
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Table 2 Results of the reproducibity test (n=6)

P B () SVEWITHE i (mg/e) T34 (mg/g) RSD (%)

1 2.0012 3.0
2 1.9885 2.3
3 2.0156 2.8
2.7 1.79
4 2.1260 22
5 2.0006 35
6 2.0014 2.5

R3O MFERCR LI SR (n=6)

Table 3 Results of the recovery test (n=6)

o Feate PR s A E AHE B 1Y RSD
7 () (mg) mg) g (D (B D

1 1.0005 2.7014  2.8000 5.3611 94.99
2 1.0024 27065  2.8000 5.4505 98.00
309999  2.6998  2.8000 5.2926 92.60

95.67 2.01
4 1.0007  2.7019  2.8000 5.3787 95.60
5 09996  2.6989  2.8000 5.3701 95.40
6 1.0010 27027  2.8000 5.4307 97.43

23 BMBEAEYEHRIRMAUZHRER

2.3.1  PRRIZESIG AR LA RIS ECOT 2
RS 2R R, ST LK S RS 28 . 1T
J5 75 BN A EeAg) 7K g He sz, &5 2R L E 6~ 18, IOk
LE20 (mL/g) 217K, 80 “C/K 2 hiiefie A PR BE T H F wn
ERTCR T SV . ISR T SR BRI FE 2 IR R AR
PIORE AT 5 B v, T 2 OIS 570 22 S5 38 0 s 22 %R
B S5 b PR BRAT AR 22 o BRI BE TH v, 43 T HGZ B
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Fig.5 Effect of different medium on extraction rate

0301

025

RAEVIRS 2 (%)

30:1

0.20
20:1 25:1

0.15
0.10 -
0.05
0 e
10:1 15:1
WOREEE (mL/g)

16 JBORE L FE LG A M Bl HCE (1 5

Fig.6  Effect of liquid/solid ratio on extraction rate
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Fig.7 Effect of temperatures on extraction rate
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Fig.8 Effect of extraction time on extraction rate
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PR, AT B2 v PR AT 2, F T 3 Mk e 45 A= A el A v
W N ANEEE , e m] Re s AR S i, DRI BE )i 4k 438
TG IR L , AR WA 5 ST SRAIG o Bl B LR TR ] 1y 34
s, PREE G ETE S FRAK, IR RTE T AE D0y i
TE— 5 B 1) R00R B RDIR S, FLHE AL 21 -4, Uk
2B NP EUN 18], F A0 R AL 0 iR AR AL

2.3.2 V] S 45 AR

2.3.2.1 W AISIHT SR Design—Expert 8.0%5 -

e DINA R I S E R e S

Table 4 Box—Benhnken experimental design and results

S A B C AT R (%)
1 1 -1 0 0.25
2 0 0 0 0.19
3 0 1 -1 0.27
4 1 0 -1 0.24
5 0 1 1 0.21
6 -1 -1 0 0.27
7 -1 0 -1 0.03
8 0 -1 -1 0.08
9 -1 0 1 0.07
10 1 0 1 0.09
11 0 -1 1 0.15
12 0 0 0 0.09
13 -1 1 0 0.04
14 0 0 0 0.13
15 0 0 0 0.09
16 0 0 0 0.27
17 1 1 0 0.15
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Table 5  Analysis of variance for the fitted regression model
TR PSR B B FE o pfl
R 0.11 9 0013 96.10 <0.0001

A 0.018 1 0.018  136.59 <0.0001
B 1.125E-004 1  1.125E-004 0.85 0.3869
C 0.012 1 0.012 90.91 <0.0001
AB  3.025E-003 1  3.025E-003 22.89 0.0020
AC  1.225E-003 1  1.225E-003 9.27 0.0187
BC  1.000E-004 1  1.000E-004 0.76 0.4132
A2 0.027 1 0.027  203.93 <0.0001
B? 0.019 1 0.019  145.18 <0.0001
c? 0.025 1 0.025  191.38 <0.0001

AU 1.250E-004 3 4.167E-005 0.21  0.8859

gii% 7 8.000E-004 4  2.000E-004

Gl 0.12 16

A7 R N T 43 BT LAR AR 420 B 45 226 Ay mi) N AR 4 TR0 01
F:Y=0.26+0.047A+3.750E-003B+0.039C+0.028 AB+
0.018AC—5.000E —003BC —0.080A2-0.067B%-0.078C2.
TR Ty 22 53 W 5 SR IH (L34, 3RS, B N
96.10 (p<0.0001) , Vi B [Pl BRI B 2 2% o 2R AU Diip=
0.8859>0.05, & B IZAR A e $6-5 21, v LU B 7 #2
ST 7 HEAT IO 0 43 M o 1% 7 B AH ¢ R E h0.11/
0.12=91.67% Bt FH i S AR 1) LA AT 91.67 % K Y5 T It
AR, 5 U I AZABIR g R T LA o M R 5 TR
5 ) W AR 2 A R BCSE 0 &R, ] LU T U U5 FR
Tl 5 B AR AT AL FE L 2 441k

N ERL 25 505 F i s A= A R I R i SR, W)
BLEEG CAD FUHEEIR [H] (C 1 52 Al et 2% (p<0.01) , AB
P ACTRIAZ B30 0] ) 28 B34 5 3% (p<0.01 8% <0.05) ,
2 WIVEORE LE B2 B 5 A FE IO TRl A7 — 52 I A8 BAE
T H AR TR) (S M AN 5 Bk .t PR R/ i)
DAHEWT , 70 7326 56 11 S 56 Y [l P 5 34 IR 25 %60 F i
AEWBRAT 52 i HE)T S O LE (A > $EECH [A] (O >
PEHGIR S (B o MAZHAEH SRS, AB>AC>BC.

b e = ez 17 17 P (B9, WOk bE 5 IR 19
AZ HAE FH g Nt THT P ) AR e S AN T O, DT IR R
[ A2 HC A FH S 3 i s A= M A 36 1e) s i A k=, G
£ A e 5 BOR LY S5 BB TR R g A Ll ik 2, 3
HH 2828 SR 1 o DR I 1T — 4 B m] 0, 6 BT ey [
PN A E BB AL » BT i R 1T S5z iy 2 3B BA By BT R R,
Sof T BRI A A 2R, i RS () B B TR 5
ma b Age W 42, R B ) B N A R R i s i, S R A
IR EE R 5 NI A B R AR A5 3 B o
2.3.2.2  IGUESZLEG  dm IS [ml YA 7 FEEC— B S, X
TR 22 I R AR TR ) AR B, SR H R PR U Sk
A Wk EE23.38:1  FE IR EE81.69 °C, FRINAY [[]2.11 h,
eI A B T 3R 0.27 % o K2 1E I 10 9256 S AtE M W
FFEE23: 1 HFEHGER 282 °C, FRHUI (A 2.1 h, s mi
AT S 32 B 4 0.29%+0.09% o L5 B TR
AW G AT SR I , VLA R S5, U A 0 3l v N 1T G
AT FA T FR A e 1 S e S X
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Table 6  Maca total alkaloid content of diffent regions,

diffent varieties

il SR i (mg/g) RSD (n=3)
VOB (B F 0N 29 1.1
U (o 4.5 1.4
Uik S € 8.4 1.5
2 B B A F 1.3 1.2
b AL T 7.1 1.8
3 it

AR S S PR Gk LU Oy RIS i T AL B UEAT T

Pl 8 P 40 IR BE 5, 0 5 T die BE LU S 1 S 22 ol MR
(pH=3.5 INANFE3 mL, V& Y2 I AN 3 mL, Wl & 9%
(F#%817)
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