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Kinetic and Thermodynamic Analysis for the Ultrasonic—Circulating
Extraction of Alkaloids from Lepidium meyenii Walp.(Maca)
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Abstract: This study investigated kinetics and thermodynamics for the ultrasonic-circulating
extraction of Lepidium meyenit Walp.(maca) alkaloids. The extraction was carried out with different
temperatures or acoustic energy densities. Two site model was applied to simulate the extraction
kinetics and Van't Hoff equation was used to calculate thermodynamic parameters. Results showed
that two site model gave satisfactory data fit. Alkaloid yield and rate constants were enhanced with
increased temperature or acoustic energy density. The activation energy values were 16.41 kJ/mol
and 17.52 kJ/mol for washing and diffusion stages,respectively. The alkaloid extraction was
endothermic,irreversible and spontaneous. In addition,compared with maceration,ultrasonic-
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circulating extraction resulted in significantly higher yields of alkaloids at 20 ‘C and 50 C (p<0.01).

Therefore , ultrasonic-circulating extraction is an effective technology to extract maca alkaloids.

Keywords: maca,alkaloids, ultrasonic-circulating extraction , kinetics , thermodynamics
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Fig. 2 Effect of temperature on the yield of alkaloids
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Table 1 Parameters of two site models for the extraction of maca alkaloids with various temperatures

¥/ (mg/g)

I T
20

5.663 0.871

PEFR 30 5.746 0.864

7 P I 40 5.848 0.860
50 5.931 0.848

tegid 50 5.044 0.829

22 BEZEMERESFRNIAZNHIE

FERR P 4 U 7S R G 4 BRI R R
TR AR 3 BTN B AE M e A5 R i
7 ) S NN AR W e B A R S ek
K, Rigzemik, R, ElH%E
333.3 W/L, $&£ BUR FE 40 °C, #2 B ] 60 min , ¥ 0
TR AR R B T N 5.787 mglg, SR RS Kok 7l
LA R [R5 2 G A 5 AR G FE . k2 Jir
N, A TRLER PR % BT PR U R O R | T B
FH R, ) B R BB A R 7R A B T 4
Ji, M 250.0~333.3 W/L, ¥E% W Bl T
14.29% 9" BOR R HBIE I T 21.12%, & H T8
7 U G 25 A RN IR RN AL A R R 34 i T 3 A=
P4 B A% T B H s AR AR SR e 2 B Y
EI D R RN RE o i W Y (R A YA S
75 37 66 B B — R8N sh Ty R fERE
23 Ak A 1 iR T BT Y1 250 o8 0 Ry 240 e RE e 4
21 i B 2% B R A S T 4 KA T e R s Y
R/l AN €7 % AR TS VA K A E I
PEAE W -8 2Z 8] &A= o T 0O AH BB 8, MM ik T
T AR B VA, IR T 2R W E e A 2 T AR B

0.129
0.136
0.140
0.152
0.171

RMSE/(mg/g)

0.154 1 0.018 1 0.999 0.055 0
0.195 0 0.023 4 0.997 0.074 6
0.240 1 0.030 0 0.996 0.089 3
0.284 8 0.034 5 0.998 0.066 5
0.110 5 0.009 6 0.998 0.062 4

WIS IRBOR TR o T3 50, PRGN P e
I T A A7 O R R, HC BB R A BT A T A i
172 A RE , 5 BBCHE D o il B T R, DT i A
Wl B A P P D P LA R R R R P T
v T AR A I A LA A 0 B IR 5 R A TR
A B SO T A4 ARG il A JB B A s B, AT 3R A
BRI BE R BIRE . BRIk B fE 12 1k £ B dit
SR HE N 5 OA AL 00 A T i A T G A )
AU R

v 250.0 W,
x 291.7 W/L
- 3333 W/L

5 10 15 20 25 30 35 40 45 50 55 60 65
H5} 8] /min

B3 BEZENEVRESENZI
Fig. 3 Effect of acoustic energy density on the yield of
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Table 2 Parameters of two site models for the extraction of maca alkaloids with various acoustic energy densitiesq

AED/(W/L)

Yeecal (/)

250.0 5.813 0.862 0.138
291.7 5.848 0.860 0.140
3333 5.894 0.871 0.129

23 RAAFHHESH

M A AR K 7 R A AR FTAS 4y B R
10.91 kJ/mol 1 52.39 J/(mol - K) (W35 3) . it A=
(7)3k 18 A G H}-6.012~-4.440 kJ/mol, Hr AH">0
7 A= W B U AR R AR Y BIF S R T[T T A
WAL T W B o AP0, ek Ead B b A He B0
IR /N W A A 5 o A ) A TR St AR
M AH TE 4~8 kJ/mol SN, 84 11 H i o Y 7
1657524 AH® #E 8~40 kJ/mol JL [, 44 1F 2 &
BRI, PR AS PR G R R BV SR . ASS0 %
71N 18 P R 7 SBCES o AR ) e R A R L RE B
AG<O Fn R AR BUL R A Ay, [FE, AGe
W 5 ik % B T o 2 U B R E T v A R T i AR
B K HAT

x3 EMEYHRNANZSH

Table 3 Thermodynamic parameters for the extraction of

maca alkaloids

~ : e )',«.1;./ . AH/ ASY AGY
sty (mg/g) (kJ/mol) | (mol-K) | (kJ/mol)

293 5.689 0.893  6.371 —-4.440

303 5.755 0.827  6.959 -4.964
1091  52.39

313 5.869 0.713  8.231 -5.488

323 5.956 0.626  9.514 -6.012

24 FEREBERIGEMIBIRZRKN

TN [R) 48 HCTL B IS () R 40 2008 S 4R R
AR R 3 B T AL SRR (p<0.01) , W& 4 Fis
PG HE U 50 °C, $EHEUATE] 5.10,20,30 .40,
50 min F1 60 min B, A 9 k45 2 53 2 3.886 .
5.025.5.467.5.607 ,5.699 .5.792 mg/g 1 5.825 mg/g,
AL AR g = 4R o ol 4 S T 100.1% (83.73%
38.20% .34.56% .28.88% .28.26% i 27.32% , F M. 7&
A TF) 0 42 BB 49 P88 7 SR IO =5 20, 7R 2R
L H PR 20 °C, $E BT ] 510,20 .30 .40 |
50 min F1 60 min B, A 9 %45 5 53 51 2 2.591 .
3.987.4.922 5.187.5.307 .5.358 mg/g Fl 5.416 mg/g,

0214 1 0.025 1 0.997 0.082 1
0.240 1 0.030 0 0.996 0.089 3
0.244 7 0.030 4 0.998 0.057 2

AL AR Gk 3R o Al 4 S T 33.42% \45.78%
24.42% 24.48% .20.01% ,18.64% 1 18.38% . NIt 7E
AN TR A 4 BOTRL BE T 406 A8 8 7 2 AT LA 7R A1 1
FE R ARAF R S AT AN I PR B LA BT
i R AMET 2 30 min, 17 % G012 4 1k 21 1 2 /> 75 2
100 min, A IHGAE B8 75 5044 B AT LA 45 i g Bk
] BRAT B AR R SE I B 5 WU A AL 4L
A BB (R?=0.998 ) , Uk ¥ F 4 50 2 3 %543 5l
79 °0.110 5 min™ 1 0.009 6 min™' (W3 1), MG
PRI Pk VA BOE R S R A 1,20 C
BF, 23T T 39.46%F1 88.54% ;50 °CHE 4 3 Tt
T 157.7%H1 259.4% ., 116 A8 7 38 IOH R 5 808 1
& e 12 4 2 vh 7 UG 28 0 B W) VR A 7 4R
FE A B A5 AR RONE | BRI S i 5 T 40 i P
A= )RR R I B R A, 3 R v H AR AR
712230 A PR AT DA o 75 S e ) e
U2 1 ) FH 2 e e A7 R 7R D A B S A 1A
IR LA DT R B N T $2 JBGHE 75 i 34 RE

WA UCE(50 °C) B UCE(20 C)
B8 Maceration(50 °C)

HEWIIRAT 2R (mg/g)

5 10 20 30 40 50 60
5[] /min

#p<0.05, SR $#EH L 5 *4p<0.01, SR 24 L
4 TEIRBFEIREL(20 °CF1 50 °C) 5232 (50 °C) I 4£
MWBELRE
Fig. 4 Comparison of ultrasonic—circulating extraction (20
°C and 50 °C) and maceration (50 °C) in terms of
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