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Bioactive Constituents and Anti—Fatigue Effects in vivo
of Lepidium meyenii (Maca)

SHEN Weizhi, ZHOU Yuxiao, LIN Guangyue, LIU Jun, LIAO Sentai’
(Sericulture and Agri—Food Research Institute , Guangdong Academy of Agricultural Scienses, Guangzhou 510610,
China)

Abstract: 150 healthy Kunming mice were randomly divided into three batches (5 groups each
batch) for loaded swimming test and biochemical analysis. We divided Maca into low,medium and
high dose groups (0.03 ¢/ kg.bw.d,0.30 g/kg.bw.d,1.00 g/kg.bw.d),and the control group (saline),
positive control group(YiKang capsules for 0.30 g/ kg.bw.d) respectively. Mice were administered ig
daily for 30 d,then the loaded —swimming time,blood urea nitrogen,blood lactate,hemoglobin,
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lactate dehydrogenase and hepatic glycogen of them were measured.In addition,active ingredients

related to anti—fatigue in Maca such as amino acids,polysaccharides,fructose and glucosinolates

were quantitative detected through colorimetry or HPLC. Results show that,Maca is rich in amino
acids (158.10 mg/g) ,total flavonoids(20.83 mg/g) ,polysaccharides (37.16 mg/g) ,fructose (31.27 mg/
g) ,total alkaloids (4.22 mg/g) ,mustard oil glycosides (1.08 mg/g) and other ingredients. Animal

testing results show that,the high,middle,low dose groups could all significantly prolong the time of

loading swimming,increase the hemoglobin,lactate dehydrogenase and hepatic glycogen,decrease

blood urea nitrogen and blood lactate in mice compared with negative control. Maca is rich in a

variety of active ingredients related to anti—fatigue,and it has significant anti—fatigue function in

healthy mice,may be ideal raw material for anti—fatigue functional foods.

Keywords: Lepidium meyenii(Maca) ,bioactive constituents,anti—fatigue effects
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S B 5 SR AL(NO;);=NaNO, 70 Y66 L

722  Journal of Food Science and Biotechnology Vol.33 No.7 2014



Ve . BB T AE R BB S AR

s W T R o RO B R 0.118 mg/mlL
BT bR ME M W O . K W OB W
0.5,1.0,2.0,3.0,4.0,5.0 mL, 4 A il A 0.3 mL i &t
538 5%NaNO,, F£ 2] § & 6 min, F- A 0.3 mL &
780 10% AL(NOs)s, $5 21 8% 6 min, f£ /1A 4
ml 4% 555080 NaOH, FIRFL 281 80% & 1 5 4%
%10 mL, FEAIEE 12 min, IS T R25 14, 1
510 nm P T E WG RE . DLV W R T (g/
mL) > X Bl WG (OD) 2 Y il i 4 A v il 42 0F:
A T E 5 B2 5 [ &R $,v=0.010 7x+0.065 6 (R*=
0.999 2), kMGl K 5.9~59 we/mL, FRECEL T4}
2.0 g, FMERFDE80%K) £ BE 40 mL HF H 4 HL
10 min, JEIMUE, AR5 80% 4 BEE 45 & 100
mL, $55] J5 PR RS 5 A% RDASRE S W, AN InAE &y
WO ZS 1, 00 Wb 2 B bR il T SR
SEATINE 3 U

Z BRI 5 R R R AR ik, BRI &
() #5454 0.050 0 g, & T 500 mL 25 &8, 2648 K
TR B2, FEAI15 100 wg/mL (17 %45 B AR e
4y B B iZ bR #E W 0,0.4,0.6,0.8,1.0,1.2,1.4,1.6
mL, #PFEZEMKZE 2.0 mL, SIA 1.0 mL & 2%
6% 7K Wy ¥4, i A 5.0 mL W B R, £ 40, %
H, Z IR HCE 20 min, 490 nm M OD 18, LI T 2= ¥k
JE (pg/mL)X i, WO B (OD) 2y Y Al ol A A o
2045 Il H 7 A S A R 4, v=0.006x+0.029 4,
R?=0.999 5, LM 0~20.0 pg/mL, FRECI i
3.0 g, k7K 25 mL, 8 75 #EHL 10 min, #1138 |, 5% &
FH Ul 2 17K PR A AT U8 U8 VR L 25 DR VR A & 10 mL,
B30 mL JC/K C B ERE 1 h, TR BEULIENT 0
U8 DR FHJCK SRRV R B DR AR T - B8 &
25 mL A0 L, At 2R IR KO Z 0 DTE 78 2
AZE I, ZR IR 75 RDASRE SO, B 1 mL B 5
VWL, IR TINRE S W ok 25 F1, D RO B, 5 A
M2 B P AT E 3 IR ME

SR 2 2R P[] 48 13 43 e G B R0 G A
B 0.50 mg/mL A4 % W 0.5,1.0,1.5,2.0,2.5,3.0,
3.5 mL, FRIACTA] 28 — 1% 2 6457 9 mL, Jo/K & B
2% 100 mL A KA ZE 100 CHf-HE I 8
min, JUHE KGN, LIZEB/K 2 E,F 473 nm
ARG B R  [mH J7 2 h 4=0.054x+0.045 1,R*=
0.999 2, LML A 2.5~17.5 pg/mL., FRECD N
5.0 g B AR BRSP4 8 85% L B B n]

VL ARG G v ) SR A

SR W I S R R EGER LUt ikt BRI 4
FRIENRIERE 1.00 g, FH 0.05 mol/L ()£ B % it , Bt i
0.04 mol/L. W fif5 % W . 43l B 0.1,0.4,0.8,1.2.1.6
ml # A E A E 2 mL, e il s B R 0.002
0.008.0.016.0.024 .0.032 mol/L #rEE W . A 3
mL 6.67 mg/mL 75 [CEZ RIS, S HETR 2, UKIA 2 h,
4 000 r/min #.0> 10 min, B 3, A KRB 5L
99% £ f 1.0 mL,4 000 r/min &> 10 min, & F i,
HARFE R, A 5.0 mL A& T4 70% 5 R %5,
JEAE 525 nm P K AR WO BE L DAV TR T vk
(mol/L)Jy X i, W S B (OD) Ry v i, o1 )3 7 &
y=18.029x-0.054 8 (R?>=0.999 1), £k t: 75 N
0.002~0.032 mol/L, HEFAFRINZY 2.0 g 0, £ BE—£h
2 (0.05 mol/L) ¥ W 60 mL,iR2), # 8 2 h i JE s
JE e , RALAIE HPD 100 33 K, 4l K B , Pe M
WA EZY 10 mL 4% bR thZe i w /e b i 07
0 T R RO B R R T A AR 4R
U3 A W R JE (mol/L) , P53 5% v A A
Jo i B, BRI E 3 R IBCE 3

ST I SR ] S AR Lt kel TR
IF T A B 0.50 mmol/L 1Y A i W, 3 ) B
0,0.4,0.8,1.2,1.6,2.0 mL, #MNzE@/KF] 2.0 mL,
TN 5 4350 0.15% 38 1 3L 27 2 RN 4 mL,
FEATHES) A 2 mL PACL, W, w5 EE T
FEFEAIH 25 CTFACE 4 h, i1 mL I, L
IK-PACL-& P ELLF 4 R 02 I AVE S I, T
540 nm L0 E WO BE | 2 il Aw o i £, 158 el
2 ,y=0.816x+0.056 (R?=0.999 5), kLN 0~
0.125 mmol/L. #HL 0.10 g H N AE 105 Cilit B T 7
20 min, 2R J5 7% 8 28 PO A 10 mL ¥ K kK
752 30 min, R AV A 1 mL 0.375 mol/L i
FR VIR W, B 15 min,4 000 r/min %0 10 min, B
FER, €A% 10 mL , B2 mL % Rl ik B
0, T 540 nm bW A2 WO B 5 AR o il 4o IR SR
HH R I T A A
142 DR FAETHKER KKRATZRGY 30
min /& B B AR AR AR 5% a2 BN T
Wi VKA (40 emx60 emx36 em) UK, KIEAK T
30 em, K (25+1) °C,ic 5%/ A WK T i 25T
S 1 I DN = Wi w2 G R T
143 DR LFRER LR hitE G LR

A& 5 4 pdh £ S0 2014 33 EE TN 723



SHEN Weizhi,et al: Bioactive Constituents and Anti —Fatigue
Effects in vivo of Lepidium meyenii(Maca)

Research Article

fEEG N E RIRG T2 30 min J5 K/ UK
T PR o R 7 T UK 90 min, KR (30+1) °CL K
K60 min J5 AR ERECM , M FE & LL 3 000 t/min
B0 5 min PAr B E . FH IR ZE A (BUN) I i 5
B I i PR 2 A, P LR (LD ) I X 551 6 0 5 o
FLIR , P fch i 5 1 21 45 11 (FHDb ) i & 350 & D 5
M2 H, FHFLIR i S8 (LDH ) I e 357 & i 5 L
2 It St

144 JIFHERMNEZ  KRKRG T ZAY 30 min J5 5
SUHELLBE . BUIFIE , DL AE 3R K 306 F5 P U 4R 1,
A D) 5 70 0 5 P DR

145 %itoh  BAEAB RS H R Excel
1 SPSS 17.0 H44 , 25 5 LTS48 hrifE 22 (as ) 33

[ 2 = &

21 HEFHEIASTUNE
1 OAHR BRI AR, BE . 2
Bl SRR S W BRSO T RO E SR R
L &55R0M, Fhomvh & A 8w R A JE BT 55 1F Y
AR
x1 HWMAREFEURSREDNE
Table 1 Anti—fatigue ingredients in MACA (x+s)

SRR 158.10+12.36 15.81
K A R 40.60+5.83 4.06

S 2 i 20.83+2.15 2.08
EZ0 37.16+2.07 3.72
S 31.27+2.86 3.13
A D 4.22+4.07 0.42
STT I 1.08+0.14 0.11
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Table 2 Terminal body weight of mice treated with

different samples (x=s)

F/ (g (kg-bw-d)) };‘gﬁ
=il 0 42.15+4.06  42.86+3.70
L 41K 751 2k 2 0.03 38.98+4.22  42.08+2.49
Fh v 39 it 2 0.30 40.21+4.95  41.48+3.32
o i 25 71 2t 4 1.00 40.86+3.18  40.53+2.63
FE P o) 1 2 0.30 39.10+4.10  40.93+2.38

® 3 AE AR AR /R G E ik B 8 59 0

Table 3 Swimming time of mice treated with different

samples
L (el (kgebw-d)) | VKA T
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AV 751 5t 26 0.03 1 588.00+429.03¢
Fh e 77 ik 2H 0.30 1 881.75+457.52¢
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FH P X i 2H 0.30 3 163.33+68.22b
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55 IR O B O 4 BRI A 3 0 ) o 4L 2 RE
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Table 4 Biochemical effects in mice treated with different samples
I3 PR 2R A /(mg/L) | ML FLER/(mmol/L) | I £L & FH/(mg/L) | FLER MG S BE/(U/L) | T4 R/ (mg/g)

&/ (¢ (kg-bw-d))

25 4 0 452.48+64.39a 25.58+3.57ac 24.26+7.39b 3 319.81+644.69bc  13.36£1.59¢

L up AR 7] k241 0.03 414.26+73.20a 21.18+4.44b 35.67+8.35bc 3 537.58+419.77bc  12.65+2.34c
Hh i vh 77 i 20 0.30 378.38+41.90b 24.78+4.45a 54.66+14.86a 3 790.93+473.87ac  19.11x1.72a
Fah i i 71 4k 2 1.00 397.01+77.28ac 26.56+5.24a 42.78+11.78ac 4 240.79+1040.45a  13.49+0.55¢
FFE o i 2H 0.30 325.62+55.45b 21.84+2.84bc 41.15+£7.80bc 3 960.09+481.81ac  16.90+2.71b
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BH |, R ) 22 0 i 1 s LR B 5 g 10 35l 2 % ]
fE 3 o $2 = LK SOD 1% 77, BE IR MDA & & , 0 />
FIHT S A, i A P R B S A Y BB Y
B, DT 2 w5 /0N BROIE DK I 0 RSB 57 7 FH o M
PR S ft B, WA Qs B | AT 25 HLAR AR FE R
BT & H A2 s UORE | g R ORE , AS (B AT 38 i 4
REFNTH 77, 30 o] CREFIR T, TR BRI 55 . 2B L
A R BE B0 BB R PR B 9 4 2 R R
P I S A D A | O B e 45 A W e P
oy R B RIEVEY A5 1w T hoE o7 gk
Uife ST N R O E ARG ARES . T2
IF 0 E AT AR T v P A F o b
T AT e 5 AR S AR E T A R PR D RE A G {H Bk
= BAKIIBEFEIE

PR 79 55 W PEAN 7 vk R EA WA 18 8
i 3 S 56 AN A AL AR AR A S 6 3 B /N B
AT BRI, g R PR R AR IRESS R B
N, SRy B S Xt B 2 BRI A X 4% 7R /DN LA
HITCH M

3 o /N B R S U Uk S 6 T UL 3 Wy T
KN BUE Tk B T ) i sh i, A —

SE Wk

PO o5 o I IR 3R U 4 A B A 2™
eV E ML X 12 Bl i N RE ) 9 AR AR 2 —  HLIK
L3 PR 35 1 Bl 57 3 K32 Bl 97 e 9 58 i 48 Jon
B XS B7 iy 365 N7 E 0 B2, I ¥ R 3R R s ]
W SCERE AR F A RE ]2 AR BRI 2
B e L3S PR 2R ZOKF U AR 30 i 2z 2 Hh 8 1
i o i, AR T LM R ZE 2l 3 R RE

A g 3, i LR S P HLAR I 57 B9 R B AR A
Yy LR R ] R 2002 30 5 1A e AR 2 7Lk
e IE S 55 9 — A E RN D ML A EL
M B R 3 22 23 32 W AL AR PN BR35E 10 R X AR RE A A
TEH AR AR, A B Bk SEF I AT HAT 41 ]
1 LR T e A 50 T 5 b sy 8 K I 3 Bk ey 7 J 24
18 By AR R FLRR , AT R 55 i I R R LR
JI5d S0 il 9% T LA I AR i L R K S R v BILAR BT 5
RETT ARz —  SEUG I A5 3 ks E I i s 394 560 5L
i Jt S G ), AT O R A1 Bl i i LR ) AR Y
LT N ) i B | AR S S 2l e P oy
i R, A B B WALIR Y 18 S ) SE e 5
SRFW, BN EE AR 55 SO B 2T R
PRAEHL A S TBERE 78 1, 1 T e R AR AT S0 B0
PEAFT AN FLIR A H B, 42 iz s Jy . BB R a6
(A A7 T3, AE HILAAS I e ARG ek mT o 3 i R T A
I, ASERF AR A A REE . LI SRR, B fE
10 i voi I Dk 25 2 RO/ 3 gl I T LR T #E
ML S B 22 B BE R A B BT 57 19 H Y

[1] Leon T . The ‘Maca’ (Lepidium meyenii) :a little known food plant of Peru[]J]. Econ Bot, 1964 ,18(2) :122-127.
[ 2] Obregon L. Maca, Planta medicinal y nutritivo del Peru[M]. Lima(Peru). Instituto de Fitoterapia Americana, 1998.:91-120.
[3] M, 25 U RIEE 55, BB R ™ 25 AP 15 - O 58 0 i JRR (). th SRR =R - B 25 BARAE ,2007,9(3) : 102-106.
XIAO Wei,PENG Yong,XU Lijia,et al. Recent advances in study of Peruvian lepidium meyenii (maca)[J]. World Science and
Technology/Modernization of Traditional Chinese Medicine and Materia Medica,2007,9(3):102-106.(in Chinese)
[ 4] &RIEVE, & SCH]. 3R AR ) 2 K25 BV RS HESL[)]. KRR = WF 98 5 JF % ,2002,14(5) . 24-27.

A& 5 4 pdh £ S0 2014 4E5 33 BE T 725



SHEN Weizhi,et al: Bioactive Constituents and Anti —Fatigue Research Article

Effects in vivo of Lepidium meyenii(Maca)

YU Longjiang,JIN Wenwen, WU Yuanxi,et al. A survey of botany and pharmacological effects on MACA (Lepidium meyenii
walp., Lepidium peruvianum chacon.)[J|. Natural Product Research and Development,2002,14(5) :24-27.(in Chinese)

[518257, B 3R 51 Rl B EOR )], = B4 L BHY 2008 (4) :42-43.
XIE Rongfang,QU Xi. Maca introduction and cultivation techniques [J]. Yunnan Agricultural Science and Technology,2008
(4):42-43.(in Chinese)

[6] B KT7, sk 5B e VR £ & B0 v T BE 2 iY UPLC-MS/MS W55 [J]. 8l B2 ,2013,41(2) :830-832,912.
GAO Dafang,ZHANG Zesheng. Functional constituents identification in maca,a novel food,by UPLC-MS /MS [J]. Journal of
Anhui Agri Sci,2013,41(2):830-832,912.(in Chinese)

[7] BRI, T4 4. A D 3 OD i 2 0 0 T 2 055 [J]. & ahBH4,2010,35(3) : 174-177.
PU Yuewu, WANG Jinquan. Study on technology of extracting maca polysaccharides by ultrasonic wave [J]. Food Science And
Technology,2010,35(3) :174-177.(in Chinese)

[8] AR, B, WAl , 5. 324 A BTk 97 4 AT SE(T]. o 2 Tllz,2010(11) : 59-60.
ZHU Xueliang, LUO Tong, YE Wei, et al. The anti—fatigue effect of polysaccharide in Maca [J]. Food and Beverage Industry,
2010(11) :59-60.(in Chinese)

[9] & JeiT, 4 3¢, 35 (Lepidium meyenii. )85 188 3% BG4 K U 9% 25 1E 95 [J]. & & FE,2004,25(2) : 164-166.
YU Longjiang,JIN Wenwen. Study on the nutritional components and the anti—fatigue effects of dry powder of Maca (Lepidium
meyenii.)[J]. Food Science,2004,25(2):164—166.(in Chinese )

[10] S PEAL. & fh 2 #7580 E (M. db 5 A 4l R AL, 2002.

[11] VrgE P22 sk, 45, mm Rz T 3o A Ak A6 2E 76 38 M B2 BT 2 A 50, v BRI 24 412, 2009,24 (1) . 107-111.
XU Hui,SUN Lanping,ZHANG Bin,et al. Optimization of extraction technique of flavonoids from peanutHull using response
surface methodology[J]. Journal of the Chinese Cereals and QOils Association,2009,24(1):107-111.(in Chinese)

[12] Cabriela C,Norma S,Marial B,et al. Quantitative determination of pneumococcal capsular polysaccharide serotypel4 using a
modification of phenol—sulfuric acid method|J]. J Microbiol Meth,2003(1):69-73.

[13] W& R HACHS B IGL. ()% 13 5 S 506 BE o U A I 3 20 i b A R B (], O 2 50635 20, 2002, 22.(3 ) : 446-448.
Hasenqinmeng, HE Fengga. Resorcinol —spectrophotometric method for the determination of fructose in mustard Leaf’s Amylose
[J]. Spectroscopy and Spectral Analysis,2002,22(3):446-448.(in Chinese)

[14] XU FL, 2251 B AR 48, 45, 98 173 /S [R] S B it o g 5 14 S s A= 8 10 AU 07 L 3 38 3 B D U], 8 Bk ,2012,38(2)
6-12.
LIU Fan,LI Pingping,LIAO Sentai,et al. Determ ination of total alkaloids and 1-deoxynojirimycin contents in leaves of 98
mulberry variety resources[J]. Science of Sericulture,2012,38(2):6-12.(in Chinese)

[15] SR PR, i S dE (DR ) v i A 88 250 W B o 109 DR 2 e A2 [T, A b e 7 B 2= 4, 1983,2(3) . 73-81.
WU Moucheng, HUANG Ronghan. A rapid method for the quantitative determination of the total glueosinolates of rapeseed (rape
cake)[J]. Journal of Huazhong Agrieultural College, 1983,2(3).:73-81.(in Chinese)

[16] 4 3C . 256 P FH A 2 50 1) DR B 5[ D). 2RI A h R K% 2009 . 26.

[17] EFV W R, WA 11 FRoK A8 FR M BEIE)]. #9754, 1997,19(4) :477-481.
WANG Jiping, LI Yanan. Nutrient compositions of 11 kinds of fresh water fish in zhejiang province[J]. Acta Nutrimenta Sinica,
1997,19(4) :477-481.(in Chinese)

(18] Bk He. fon R e B T /N B DU 55 VR T 2000 5 AR R 241, 2012,31(2) : 195-198.
ZHOU Taoying. Anti—fatigue activity of flavonoids from Herbahouttuynia [J]. Journal of Food Science and Biotechnology,
2012,31(2):195-198.(in Chinese)

[19] T R4, & i, B 28T, 200y 249 16 M F o5 F SR ()], I 2554 2% k5, 2004 ,39(8) : 561-564.
DING Baojin, JIN Liping,LV Jianxin. Progress in the biological activity of polysaccharide[]]. Chinese Pharmaceutical Journal,
2004,39(8) :561-564. (in Chinese)

[20] 223 5, Mt , DKL | 4% B2 B 10 o0 B 24k A58 J0 BT ST 95 A IO BTS2 ], i S5 AR I HR 241, 2013,32(7) : 767
772.
LI Qingyu, YANG Ying,JIA Linfei,et al. Purification, Structural Analysis and Antifatigue Assay of Polysaccharide from Castanea
mollissima Blumel[J]. Journal of Food Science and Biotechnology,2013,32(7):767-772.(in Chinese)

726  Journal of Food Science and Biotechnology Vol.33 No.7 2014



