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Table 1. Nutrition profile of maca®

Analysis® Red maca Yellow maca Black maca
Fibre (g%) 5.45 5.30 4.95
Carbohydrates (g%) 62.60 62.69 63.82
Pure protein (g%)°¢ 9.97 8.25 7.70
Starch (g%) 37.52 37.86 38.18
Soluble sugars (g%)¢ 6.03 6.17 7.02
Riboflavin (mg%) 0.50 0.61 0.76
Potassium (mg%) 1160 1130 1000
Iron (ppm)® 62 80 86

“ Adopted from Valerio et al.'V

> The unit data are related to g/100g maca and mg/100g maca.

¢ Calculated from protein nitrogen by 6.25.

¢ Indirect reducing ppm.

¢ ppm = parts per million.
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Table 2. Properties for maca after i/n vivo administration

experimental animals?

in

Species

Property

Rats

Mice

Guinea pigs

Fish

Bulls

Increase sperm count and sperm motility

Increase male sexual behavior

Small effect on rat male sexual behavior
Nutritional

Antistress

Prevent testosterone-induced prostatic hyperplasia
Reversed osteoporosis

Neuroprotective effects

Protects against UV radiation

Antioxidant status, lipid, and glucose metabolism

Increase male sexual behavior

Increase embryo survival

Prevent testosterone-induced prostatic hyperplasia
Increase number of offsprings

Improve memory and learning

Increase number of offsprings

Nutritional

Increase embryo survival

Improve sperm quantity and quality
Unaffected mating behavior

¢ Adopted from Gonzales.®

)
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Table 3. Selected examples of the commercial

extraction plants®

scale supercritical

CO2

Process

Manufacturer

Coffee decaffeination

Tea decaffeination
Fatty acid from spent
barley

Nicotine extraction
Rose-residual oil SCE
Pyrethrum extraction

Hops extraction

Hops extraction and
spices

Flavors extraction

Flavors/Aromas

Corn oil

Color extraction -

red pepper

Sesame oil extraction

Kaffee HAG AG, Bremen, Germany
General Foods, Houston, Texas, USA
Hermsen, Bremen, Germany
SKW-Trostberg, Poszzillo, Italy
SKW-Trostberg, Munchmuenster, Germany

Marbert GmbH, Dusseldorf, Germany

Philip Morris, Hopewell, Virginia, USA
Kerr-McGee, Oklahoma city, Oklahoma, USA
Agrofarm, United kingdom

Pfizer Hops Extraction, Sydney, Nebraska, USA

Hopfenextraktion, HVG, Barth, Raiser & Co., Wolnzach, Germany

Hops Extraction Corp. of America, Yakima, Washington, USA

J.1. Haas, Inc., Yakima, Washington, USA
Carlton, United Breweries, United kingdom

SKW-Trostberg, Munchmuenster, Germany
Pauls & White, Reigat, United kingdom
Camilli Albert & Louie, Grasse, France
Flavex GmbH, Rehlingen, Germany

Mohri Oil Mills, Japan

Mohri Oil Mills, Japan

Fugi Flavor, Japan

Sumitomo Seiko (Uhde facility), Japan
Yasuma (Mitsubishi Kokoki facility), Japan
Hasegawa Koryo (Uhde facility), Japan
Takasago Foods (Mitsubishi Kokoki facility), Japan
U-max Co., Ltd, Korea

@ Adopted from Ju et al.“
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Maca extract

Partition between methylenechloride(MC) and H,0

MC layer H,0 layer

Silicagel open chromatography

Frl Fr.2 Fr.3 Fr4 Fr.5
Evaporation &
Recrystalized Prep HPLC
With MeOH
Fr.2-1 Compound 2
Prep HPLC

Compound 1

Fig. 4. Separation procedure of macamides from the scCO, maca extract.
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Fig. 5. Design of 2° full factorial.
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A 70T ¥s Byste] HAAEHA EA e o] &5ttt wg, 1A
o FAT F 7HAE(soleus muscle)@ Bl &-*(gastrocnemius muscle) 2
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Table 4. Recovery efficiency of crude fat (mg/g extract) at different

extract conditions from dried maca powder

Temperature (C)
Pressure (bar)

40 50 60
300 956.4 914.2 902.7
400 746.3 723.8 732.1
500 784.5 763.1 755.3
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Table 5. Composition of dried maca powder,

scCO; maca extract,

and

residue
Composition (%)
Dried scCO; maca .
Residue
maca powder extract
Moisture 7.8 3.2 7.3
Crude protein 16.6 0.4 16.8
Crude lipid 0.3 95.6 ND?
Carbohydrate 69.7 0.0 70.2
Sugar 0.2 0.7 0.2
Ash 5.4 0.1 5.5

“ND : not detected.
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prep HPLCOlA] A A3l Mbenzyl-5-ox0-6£,8Foctadecadienamide
}.

N-Benzylhexadecanamide® FA =+ Q- El-Mass 2% (Fig. 7)Z2FH &
ke 3452 FAF AL, Mrule} 13-ruledl] wt &5 7o) HA7t Eof
Rom HAAL CullsNOR F4 et 'H-NRellA 7.27 (51, m, H-phenyl),
5.71 (1H, br s, NH), 4.43 (2H, d, /~6.0 Hz, H-1'), 2.18 (2H, t, J=8.0 Hz,
H-2), 1.62 (2H, m, H-3), 0.8 (3H, t, J=7.5 Hz, H-16), 1.25 (22H,
overlapped, H-4~H-14)Z Z<I(Fig. 8)¥ o™, © 5.71 ppm®| amide N-H
peaks= T390 chemical shift value (§y 6.03)9b= Tk Zol7) U=
g o]¢} 7S protic solvent—exchangable hydrogene Al89 %, &1
impurity ¥l wel 1 oglel dASA & & gtk A PC-NRelA
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127.4 (aromaticx<5, C-3', 4', 5', 6' and 7'), 43.5 (C-1'), 36.8 (C-2),
31.9 (C-3), 29.6~25.7 (aliphaticx11), 22.6 (C-15), and 14.0 (C-16)2o.=
2% 237 o] HZo] b5tk (Fig. 9). wEkA Muhammad <] - and
PC-MR Aol data’h U Aoz sl E EAL Nbenzylhexa
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Fig. 10. Structure of Abenzylhexadecanamide.
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NBenzyl-5-ox0-6F,8F-octadecadienamide = FAHE E&A& El-Mass 23}
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Fig. 14. Structure of M benzyl-5-oxo-6F,8F-octadecadienamide.
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Table 6. Yield, content of macamide, and recovery of macamide at 2° full

factorial design®

order () (bar) (ke) (%) (ng/g) %)
1 30 100 10 9.3 3.5 83.5
2 30 100 20 9.3 3.6 85.8
3 80 300 10 7.6 4.3 83.8
4 80 300 20 7.5 4.4 84.6
5 60 200 15 7.1 4.9 89.2
6 60 200 15 7.0 5.0 89.7
7 40 300 10 6.1 5.2 81.3
8 40 300 20 6.0 5.3 81.5
9 40 100 10 7.4 5.0 94.9
10 40 100 20 7.4 5.1 96.8

a . . .
Values of yield, content of macamide, and recovery of macamide are the mean

from 3 lots.
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Table 7. Design of RSM for yield and recovery of macamide

Runl order Temp. Pressure Yield Recovery of

() (bar) (%) macamide (%)
1 60 200 7.20 86.7
2 60 341.4 6.60 83.3
3 60 200 7.15 87.0
4 80 100 9.80 83.3
5 40 300 8.10 81.3
6 31.7 200 6.80 89.2
7 60 200 7.25 86.5
8 60 200 7.22 87.0
9 80 300 7.90 83.9
10 88.3 200 8.10 81.5
11 40 100 7.80 94.3
12 60 200 7.13 87.5
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Table 8. Composition of scCO; maca extract at optimized condition

Composition

Calorie (Kcal) 340

Moisture (%) 29.7
Carbohydrate (%) 47.7
Sugar (%) 5.2
Protein (%) 11.8
Lipid (%) 10.8
Ash (%) 0
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Table 9. Amounts of macamides in scCOq

maca extract at optimized

condition
Macamides Content® (mg/g)
N-Benzylhexadecanamide 4.77£0.35
NBenzyl-5-ox0-6£,8Foctadecadienamide 3.09%+0.16
Total 7.86%+0.36

* Values are expressed as mean = SEM.
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A HEAEe] 79 linoleic acid 3.55%, palmitic acid 2.58%, oleic acid
1.85%, linolenic acid 1.75% % 47§¢] A|¥iato] 7pd we RES 214351931
AR oz s w Bxst Ak 7.52% (A AAE 7FoRE 69%), X
AR 3.13% (29%), EAMZ AAke]l 0.14% (1%)= A ¥ 1A ASdTt.
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Table 10. Fatty acids composition of scCO: maca extract at optimized

condition

Fatty acids Content(%) Fatty acids Content(%) Fatty acid Content (%)

Cl4:1 ND?* C4:0 ND C18:1(t) 0.024
C15:1 ND C6:0 ND C18:2(t) 0.066
C16:1 0.072 C8:0 ND C18:3(t) 0.050
C17:1 ND C10:0 ND

C18:1 1.850 C11:0 ND

C18:2 3.546 C12:0 0.005

C18:3(y) 0.031 C13:0 ND

C18:3(a) 1.723 C14:0 0.016

€20:1 0.039 C15:0 ND

€20:2 0.015 C16:0 2.578

C20:3(w6) ND C17:0 ND

C20:3(w3) ND C18:0 0.316

C20:4 0.018 €20:0 0.062

C20:5 0.018 C21:0 ND

C22:1 0.008 €22:0 0.064 C24:1 0.128
C22:2 0.055 €23:0 ND

C22:6 0.020 C24:0 0.088

C24:1 0.128

by it T s P e 09

“ND : not detected.
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Table 11. Composition of amino acids of scCO, maca extract at optimized

condition

Amino acids Content (mg/100g)

Aspartate 29.1
Glutamate 267.0
Serine 27.6
Histidine ND”

Glycine 52.7
Threonine 56.3
Arginine 72.3
Alanine 123.9
Tyrosine 20.7
Cystine 23.1
Valin® 190.0
Methionine 20.4
Phenylalanine 56.2
Isoleucine® 67.0
Leucine’ 99.4
Lysine 26.8
Proline 67.0

® Valine, isoleucine, and leucine are the BCAA (branched chain amino acid).

P ND : not detected.
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Table 12. Phytosterol content of scCO; maca extract at optimized
condition
Phytosterol Content (mg/g)
B-Sitosterol 5.67
Campesterol 1.40
Total 7.07
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19. Swimming time to exhaustion on day 7 (A) and day 21 (B) in
rats fed with scCO; maca extract (mean=*SEM, n=13-14/group).
* p<0.05 compared to the control at that point in time.
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Table 13. Effect of scCO: maca extract on body weight and organ weights

in forced swimming rats

Maca extract® (mg/kg)

Control
30 100 300 1000

Body weight (g) 334.4+5.1 334.84+2.7 337.0+6.2 336.7+4.3 327.2%5.3

Liver (g/BW kg) 38.04%0.50 38.35+0.63 39.05+0.85 37.72£0.76 38.97+0.91

Gastrocnemius L

6.32£0.09 6.31£0.09 6.30£0.09 6.40£0.11 6.24%0.07
(g/BW kg)

ius R
Gastroenemius R s 640,00 6.1140.13 6.21£0.10 6.30£0.09 6.130.07

(g/BW kg)
Soleus L

0.46+0.02 0.45+0.02 0.46+0.02 0.45+0.02 0.44+0.01
(g/BW kg)
Soleus R

0.45+0.02 0.45+£0.01 0.46+0.02 0.46%+0.02 0.43%+0.01
(g/BW kg)

? Values are expressed as mean=®SEM (n=13-14/group).
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Table 14. Effect of scCO; maca extract on serum biochemical parameters in

forced swimming rats

Maca extract® (mg/kg)

Control
30 100 300 1000
AST (U/1) 96.7+3.1 94.0+3.6 101.6%£2.7 96.5%*2.9 92.4+2.6
ALT (U/1) 53.7£2.4 50.9£2.7 55.3%1.9 56.2%+1.8 54.2+2.3
LDH (U/1) 36327 496+52" 399+ 29 376+25 397+22
CK (U/1) 264+ 14 259+11 276+ 10 268 =15 248+ 8
Creatinine
0.62+0.01 0.61£0.01 0.60x0.00 0.62%+0.01 0.64%0.01
(mg/d1)
BUN (mg/dl) 18.0%£0.7 18.1%+0.7 17.9+0.7 17.0%+0.6 17.5+£0.5
Glucose
229+ 13 25216 2567 235+ 10 25449
(mg/dl1)
FFA (uEq/1) 339+19 302+20 366t 25 308+23 378+ 24
Lactate
20.1+0.9 17.9+1.0 18.1+0.9 19.9+1.5 19.9+1.4
(mM/1)
Pi (mg/dl) 14.6%+0.5 14.3%+0.3 14.6+0.4 14.8%+0.5 14.5+0.4

® Values are expressed as mean®SEM (n=13-14/group). ~ p<0.05 compared to the

control.
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Table 15. Effect of scCO; maca extract on glycogen and enzyme activities

in skeletal muscle of forced swimming rats

Maca extract® (mg/kg)

Control
30 100 300 1000

Glycogen

. 2.50+0.18 2.38%0.21 2.43£0.16 2.44%+0.12 2.23%0.27
(ug/mg tissue)

LDH

) ) 2.48+£0.07 2.52£0.09 2.47£0.06 2.48%+0.005 2.64=%0.07
(uM/min/mg protein)

CS

. . 0.115%£0.006 0.117£0.007 0.119%+0.008 0.115£0.007 0.118£0.005
(uM/min/mg protein)

SDH

. . 0.239£0.010 0.247%0.010 0.240£0.005 0.235%x0.009 0.239%0.006
(uM/min/mg protein)

? Values are expressed as mean+SEM (n=13-14/group).
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Fig. 20. Swimming time to exhaustion on day 7 (A) and day 21 (B) in
rats fed with scCO; maca extract (mean®SEM, n=19-20/group).
* p<0.05 compared to the control at that point in time.
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Table 16. Effect of scCO: maca extract on body weight and organ weights in

forced swimming rats

Maca extract® (mg/kg)

Control
30 100

Body weight (g) 347 .643.6 344.5+4.0 339.644.7
liver (g/BW kg) 41.8640.60 41.1740.68 42.0340.67
Gast ius L
astrocnemus 6.26+0.07 6.24+0.09 6.26+0.08
(a/BW kg)

ius R
Gastrocnemius 6.37+0.07 6.36+0.08 6.3740.08
(g/BW kg)
Soleus L (g/BW kg) 0.4640.02 0.49+0.02 0.48+0.01
Soleus R (g/BV kg) 0.4940.01 0.4640.01 0.45+0.01

? Values are expressed as mean=®SEM (n=19-20/group).
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Table 17. Effect of scCO: maca extract on serum biochemical parameters

in forced swimming rats

Maca extract® (mg/kg)

Control
30 100
AST (U/1) 96.7£2.9 98.0+2.3 96.2+2.3
ALT (U/1) 55.0x1.6 57.8%+1.5 57.0£1.5
LDH (U/1) 426 £53 316+ 16 300+12°
CK (U/1) 254+9 24619 252+11
BUN (mg/dl) 18.0£0.6 16.6+0.4 17.9£0.5
Glucose (mg/dl) 242112 243+ 10 265+ 12
FFA (nuEq/1) 429+ 18 415+ 23 420£26
Lactate (mM/1) 21.5%0.7 21.4£0.9 21.7£0.9
Pi (mg/dl) 14.0£0.3 14.2+0.3 14.3+0.3

* Values are expressed as meanxSEM (n=19-20/group). = p<0.05 compared to the

control.
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Table 18. Effect of scCO; maca extract on skeletal muscle and liver

glycogen in forced swimming rats

Maca extract® (mg/kg)

Control
30 100
Muscle glycogen (mg/g) 2.240.2 2.240.2 2.34+0.2
Liver glycogen (mg/g) 23.7%£1.8 21.6x£1.8 25.6%x1.3

® Values are expressed as mean=SEM (n=19-20/group).
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Table 19. Effect of scCO: maca extract on skeletal muscle enzyme

activities in forced swimming rats

Maca extract® (mg/kg)

Control
30 100

LDH

. . 2.31+0.09 2.37x£0.08 2.31+£0.05
(uM/min/mg protein)
CS .

. . 0.096+0.004 0.110%0.005 0.113%£0.007
(uM/min/mg protein)
SDH

. . 0.271£0.015 0.304+0.017 0.282%£0.013
(uM/min/mg protein)

* Values are expressed as mean®SEM (n=19-20/group). = p<0.05 compared to the

control.
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Table 20. Effect of scCO; maca extract on liver antioxidant status in

rats swum to exhaustion

Maca extract® (mg/kg)

Control
30 100
TBARS (nM/g) 40.5£2.0 41.5t1.6 41.4+0.6
GSH (uM/g) 7.03+£0.17 7.04x0.20 7.65+0.16
SOD (U/mg)" 32.3x£0.43 33.9£0.76 33.0£0.70
Catalase (uM/min/mg)° 1.65+0.06 1.76+0.03 2.09+0.05"

* Values are expressed as mean®SEM (n=19-20/group). ~ p<0.05 compared to the

control.

> One unit of SOD is defined as the amount of enzyme required to cause 50%

inhibition of pyrogallol autoxidation.

¢ Catalase activity is expressed as pM of formaldehyde formed/min/mg protein.
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Table 21. Effect of scCO; maca extract on skeletal muscle antioxidant

status in rats swum to exhaustion

Maca extract® (mg/kg)

Control
30 100
TBARS (nM/g) 19.8+0.8 19.6x1.0 17.3+0.7
GSH (uM/g) 1.02%+0.03 1.08%+0.03 1.1240.02
SOD (U/mg)" 8.08%+0.23 7.99+0.21 8.23+0.20
Catalase (uM/min/mg)* 0.0194+0.001 0.021+0.001  0.01940.001

* Values are expressed as meanSEM (n=19-20/group). = p<0.05 compared to the
control.

> One unit of SOD is defined as the amount of enzyme required to cause 50%
inhibition of pyrogallol autoxidation.

¢ Catalase activity is expressed as pM of formaldehyde formed/min/mg protein.
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Maca (Lepidium meyenii Walp.), a member of the Brassicaceae family,
is grown on the highland in Peru. Maca has the various second
metabolites and has been studied about fertility related effects. Most
of the research focused on maca powder and solvent extracts. However
there was not the study about extract containing high amounts of
macamides, the unique ingredients in maca.

In this study, the maca lipidic extracts were collected from
supercritical carbon dioxide (scCO2) and two of macamides were
identified as AMbenzylhexadecanamide and AMbenzyl-5-oxo-6£,8Foctadeca

dienamide by MS, "H-NMR and “C-NMR. Design of experiment including full
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factorial and response surface methodology (RSM) was used to optimize
the supercritical extraction process. The optimal condition for the
maximum of yield and recovery of macamides was 38.6C and 100 bar.

The effects of scCO: maca extracts containing macamides on swimming
endurance capacity as an indicator of fatigue were investigated in
weight-loaded forced swimming rats. The swimming times to exhaustion of
rats supplemented for 3 weeks with 30 and 100 mg/kg of scCO; maca
extracts increased by 25% and 41%, respectively. Supplementation with
100 mg/kg of maca extracts reduced serum lactate dehydrogenase (LDH)
activity and muscle lipid peroxidation, and increased muscle citrate
syntase (CS) and hepatic and muscle total glutathione compared with
those values in controls. The levels of energy sources and serum
lactate remained unchanged despite of the longer swimming time in the
supplemented rats than those in controls.

These results suggest that supplementation with scCO, maca extracts
containing macamides improved swimming endurance capacity and this
effect can be explained by attenuation of exercise-induced oxidative

stress.

Key words: maca, macamides, supercritical fluid extraction, RSM,

endurance capacity, weight—loaded forced swimming test, antioxidant
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