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Optimization of Maca (Lepidium meyenii) Extraction for Natural Beverage Development
using Enzyme Treatment

Jeong-Ah Kim, Moo-Hyeog Im*

Department of Food Engineering, Daegu University

Abstract

The purpose of this study was to establish the best optimized extraction condition for the optimal development of fresh
maca beverage using low temperature extraction and enzyme treatment. Low temperatures were applied to prevent heat-
related nutritional loss during the extraction process. Best extraction conditions were investigated based on the ratio of maca

to water, the ratio of enzymes, extraction temperature and time, and agitation. The optimal enzyme conditions were also
examined after the treatment of cellulase:pectinase mixture to maintain the original color and flavor, as well as to increase
the extraction yield. When cellulase:pectinase was 1:1, the extraction rate ranged from 77.84 to 79.29%. In addition, the
best extraction rate was found when maca was mixed with twice volume of water and incubated at 45°C (84.05+0.32%)
with 90 rpm (87.13+0.46%) agitation for 3 hours (84.73+0.29%). Furthermore, sensory evaluation showed a high score in
flavor, sweetness, and overall acceptability after adding 3% jujube concentrate into a fresh maca beverage.
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<Table 1> Extraction efficiency rate (%), acidity (pH) and sugar contents (°Brix) of Maca according to different water and Maca ratio

Maca:Water (g)" Extraction rate (residue) (%)> pH °Brix Acidity (%)
1:1 76.05+2.32% (60.8+0.51) 5.82 4.6+0.0 0.0115
1:2 80.2+2.58 (62.6+0.43) 591 2.8+0.0 0.0114
1:3 84.38+2.54 (63.5£1.48) 5.93 2.03+0.05 0.0115

Ymaca:water (g) represents 250:250 for 1:1, 250:500 for 1:2, 250:750 for 1:3.
PExtraction rate represents the extraction rate of the residue, and the value in parentheses represents the extraction rate of the extract.
IValues represent the mean+SD (n=3) and different letters indicate significant differences (p<0.05).
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<Table 2> Hunter's color value of mix ratio of maca and water

Color Difference

Maca:Water
©" L a b
1:1 25.7240.06” 1.57+0.07 2.97+0.26
12 33.17+0.40 0.21+0.12 1.87+0.12
1:3 38.47+0.02 -1.89+0.08 0.37+0.02

Dmaca:water (g) represents 250:250 for 1:1, 250:500 for 1:2,
250:750 for 1:3.

DValues represent the mean+SD (n=3) and different letters indicate
significant differences (p<0.05).
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<Table 3> Extraction efficiency rate (%), acidity (%), pH and sugar contents (°Brix) of maca according to enzymes concentration

Enzyme concentration (%)”  Extraction rate (residue) (%) pH °Brix Acidity (%)
Control 0.0 76.08+0.26” (61.48+0.08) 5.86=0.02 1.9£0.0 0.0172
0.013 77.84+0.31 (63.24+0.4) 5.854+0.01 1.740.0 0.0164
Ce”“laiel’:}i‘;“inase 0.04 78.68+£0.44 (66.64+0.47) 5.84-0.02 1.9+0.6 0.0165
' 0.067 79.29+0.36 (65.88+0.4) 5.8440.01 1.7+0.0 0.0149

DEnzyme concentration (%) represents 5.1 U for 0.013%, 15.3 U for 0.04%, 25.5 U for 0.067% in cellulase:pectinase (1:1).
PExtraction rate represents the extraction rate of the residue, and the value in parentheses represents the extraction rate of the extract.
Values represent the mean+SD (n=3) and different letters indicate significant differences (p<0.05).

<Table 4> Hunter's color value according to the ratio of cellulase
and pectinase (1:1)

Enzyme Color Difference
concentration (%)" L 2 b
Contro 1 (0) 35.22+0.06> 0.42+0.08 3.85+0.03
cellulase: 0013 2831401  05£0.04 4.50£0.05
pectinase
@) 004 22158003 076001 4.65+0.05

0.067 27.05£0.05  0.62+0.07 4.00+0.03

YEnzyme concentration (%) represents 5.1 U for 0.013%, 15.3 U for
0.04%, 25.5 U for 0.067% in cellulase:pectinase (1:1).

DValues represent the mean+SD (n=3) and different letters indicate
significant differences (p<0.05).
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<Table 5> Results of extraction efficiency rate (%), acidity (%), pH and sugar contents (°Brix) of maca according to different temperatures,

extraction times and shaking speed after enzyme treatment

Conditions
Variation”
Extraction rate (residue) (%)” pH °Brix Acidity (%)
40 80.93£0.277 (73.96£0.2) 6.1+0.1 1.0+0.0 0.011
Temperature 45 84.05+0.32 (75.88+0.6) 6.04+0.05 0.8+0.0 0.001
(0) 50 83.75+0.49 (74.96+0.5) 6.09+0.04 0.9+0.0 0.001
55 83.16+0.19 (75.08+0.3) 6.13+0.03 1.1+0.0 0.001
2 82.57+0.41 (64.44+0.3) 5.85+0.01 1.7+0.06 0.017
Time (h) 3 84.73+0.29 (66.68+0.76) 5.86+0.02 1.5+0.06 0.017
4 84.31+0.26 (65.64+0.52) 5.86+0.00 2.0+0.0 0.015
5 84.03+0.33 (63.92+0.42) 5.85+0.01 1.7+0.0 0.019
Agitation rate 0 86.63+0.35 (70.96+0.4) 6.14+0.01 1.5+0.0 0.0109
(rpm) 90 87.13£0.46 (71.8+0.57) 6.12+0.02 1.1£0.0 0.0116

0.04% cellulase:pectinase mix (1:1) was used as a fixed factor for temperature variation and treated for 3 h at 45°C. 0.04% cellulase:pectinase
mix (1:1) and 45°C were fixed factors for extraction time variation. For agitation rate, 0.04% cellulase:pectinase mix (1:1) were treated at 45°C

for 3 h.

DExtraction rate represents the extraction rate of the residue, and the value in parentheses represents the extraction rate of the extract.
IValues represent the mean+SD (n=3) and different letters indicate significant differences (p<0.05).

<Table 6> Hunter's color value according to temperature, time and agitation rate

Color Difference

Variation"
a b
40 35.3+1.07 -0.89+0.08 2.340.07
45 33.17+0.4 0.21£0.12 1.87+0.12
Temperature (°C)

50 34.7+0.9 1.36+0.12 3.57+0.3
55 33.58+0.5 1.13+0.08 1.89+0.12

2 33.25+0.03 -0.19+0.02 1.54+0.01
. 3 44.11+0.2 -0.57+0.02 1.13+0.02

Time (h)

4 43.20+0.3 -0.19+0.05 0.32+0.1
5 44 .440.15 -0.75+0.06 1.96+0.05
o 0 33.23+0.01 -0.19+0.04 1.09+0.03

Agitation rate (rpm)

90 33.09+0.09 0.04:+0.04 1.08+0.04

D0.04% cellulase:pectinase mix (1:1) was used as a fixed factor for temperature variation and treated for 3 h at 45°C. 0.04% cellulase: pectinase
mix (1:1) and 45°C were fixed factors for extraction time variation. For agitation rate, 0.04% cellulase:pectinase mix (1:1) were treated at 45°C

for 3 h.

DValues represent the mean+SD (n=3) and different letters indicate significant differences (p<0.05).

o cellulase:pectinase (1:1) & A4S 0.04% H7FstaL
45°C, 3A1ZF Bt FE3h=d] ol <] EH&%—E@ EEET
FZES vwsldh 5 & Im(2017)2] EFH|ES s ¥
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FEZES YA =d 77t 87.51, 87.92, 88.48, 89.19,
88.92%2] A= BJom™, 90 rpmolA 89.19%= 7 =
2 g Bt o] AHE g3l vt FE2 A wit
S5 2715 ggatr] flste] 90 pmolA weksielS wok
AR o] F 2S vlwsly FE5E, pH, B, 2t
E<Table 5> % M <Table 6>2 =43le] v|wslgich A
&L W9l 90 rpmOZ wHIEINS ) o] FEEL

70.96, 71.8%o™, FEq 9| FEE-2 86.63, 87.13%= A
28R wjwTt 90 rpmeE WIS of o gk A
S YERIATE pHE 6.12-6.142 F2181 xjol7} gilom,
P 1L1-1.52 ©] T3 592 xJolrt ¢lith. Ahw E
31 0.0109-0.01162.% & z}o|= Vehl®] &dr) Me= L
# a, @t BT FAFEE @ JERHATE Kang et al.
(2009)¢] Z2Fe-7 Ao e pHE 6.20-6.39%.01 A
Lol E Lk 96913 96.20, azk-2 —1.062+ —1.73, b3k
2 7.773} 13.68°]1912H, Hong et al. (2006)2] Hr}FEE
S o] 83 57 AFoMe pHE 4.27, A Lkl 50.72,
agto] 25.16, bgkol 13.8501H F= 16.97°BrixiTh
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<Figure 1> Sensory evaluation of three concentrates added to maca extract.
The three concentrate represent that maca extract was added with 3% jujube, Hovenia dulcis, and ginger concentrate.

5
B Flavor Sweet ™ Overall acceptability
4 -
3.5
3r 3.25 B
2 L 2.5
1 -
0
0 3 5 7

Jujube concentrate ratio (%)

<Figure 2> Sensory evaluation according to the concentration of jujube concentrate added to maca extract.
Concentrate ratio (%) represents Maca extract (control) for 0%, Maca extract with 3% jujube concentrate for 3%, Maca extract with 5% jujube

concentrate for 5%, Maca extract with 7% jujube concentrate for 7%.
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