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a b s t r a c t
The maca polysaccharides optimal extraction conditions were obtained by using response surface methodology (RSM) method and the anti-fatigue activity of maca polysaccharides (MCP) was explored. The maca
polysaccharides extract yield of RSM could reach 9.97 mg/g by using the model predicts, and the total
sugar and protein purity were 61.00% and 4.46% with the further isolation process, respectively. And the
monosaccharide compositions obtained by gas chromatograph (GC) were composed of rhamnose (rha),
glucose (glc), galactose (gal) with the ratio of 2.34:10.21:1.00. Furthermore, the anti-fatigue activity was
evaluated by the swimming parameter, biochemistry parameters (liver glycogen (LG), blood urea nitrogen
(BUN), and lactic acid (LD)), the result indicated that the low-dose maca polysaccharides group had the signiﬁcant anti-fatigue activity.
© 2018 Elsevier B.V. All rights reserved.

1. Introduction
Maca, Lepidium meyenii (Walp.), is used as functional food and medicine due to the multiple bioactive effects, including, anti-fatigue activity, sexual and fertility enhancement, and memory impairment [1–5].
The main biological components isolated from maca are polysaccharides, alkaloids, and polyphenols [6,7].
As one of the main component and important bioactive ingredient,
maca polysaccharides have attracted great attention. The researches of
maca polysaccharides usually consisted of extraction and puriﬁcation
methods, structural analysis and pharmacological effects. The general
methods of extraction are water extraction [8] and ultrasonic circulating
extraction [9], and the general methods of isolation and puriﬁcation are
alcoholic precipitation and resin puriﬁcation (ion-exchange column and
gel ﬁltration chromatography). The maca polysaccharides obtained
were further analyzed to get the structural characteristics, and the pharmacological activities of maca polysaccharides were studied, included
anti-fatigue activity [8], anti-oxidant activity [10], immunomodulatory
effect [11] and liver protective effect [9]. Zha et al. studied the crude
polysaccharides with different ethanol concentration precipitation, the
result indicated that maca polysaccharides had anti-oxidant activity
and the monosaccharide compositions were composed of rhamnose,
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arabinose, glucose and galactose [10]. Wang et al. obtained the maca
polysaccharides (MP21) by water extraction and ethanol precipitation
and was further isolated by the column separation (DEAE-52 cellulose
column and Sephacryl™ S-500 column), and was further conﬁrmed
that MP21 could enhance macrophage activities [11] (Table 1).
Fatigue is the commonly existed performance, the reasons that
caused the phenomenon can be summarized as followed (1) Energy
sources consumption and depletion. (2) Metabolic products production
and accumulation. (3) Immune system dysfunction. (4) Reactive oxygen species (ROS) excessive generation and the cellular structure damage [12–15]. Many researches attempted to ﬁnd natural anti-fatigue
ingredients to delay fatigue, improve athletic ability without adverse effects [16]. The anti-fatigue activity of maca polysaccharides has great reported, such as, two fractions of maca polysaccharides (MPS-1 and MPS2) [8], maca polysaccharides (MP) [17], which mainly focus on the highpurity compounds. The puriﬁcation processes were complicated, which
was not well used in the industrial production (Table 1).
The abundant previous researches enriched the maca polysaccharides activities. However, the incomplete extraction methods and the
difﬁcult puriﬁcation methods limited the maca polysaccharides' development in industry. In all, the paper studied the best water extraction
technology by response surface methodology (RSM) application and
ethanol precipitation method, in order to make maca polysaccharides
products have more wide development in industry and market, the
paper studied the maca crude polysaccharides' (MCP) anti-fatigue activity for the further develop in industrial production.
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Table 1
The summary anti-fatigue effects of maca polysaccharide compositions.
Polysaccharide composition

Isolation and puriﬁcation
method

Purify

Nature

Maca polysaccharide (MCP)

Water extraction and ethanol
precipitation

61.00%

Heteropolysaccharide

Maca polysaccharides at ﬁnal ethanol
concentration of 60%–90%
(LMP-60-90)
Maca polysaccharide (MPS-1)

Water extraction and ethanol
precipitation

Maca polysaccharide (MPS-2)

Maca polysaccharides (MP)

MC-1

MC-2

MP-21
MP-1

In this
paper

Water extraction; DEAE-52
cellulose and Sephadex C-100
column
Water extraction; DEAE-52
cellulose and Sephadex C-100
column
Sephacryl S-100 HR

93.2%

Neutral
polysaccharide

Xyl, ara, gal and glc, with the mole ratio of
1:1.7:3.3:30.5

[8]

91.5%

Acidic polysaccharide

Ara, gal and glc, with the mole ratio of 1:1.3:36.8 [8]

99.20%

Acidic polysaccharide

[17]

Water extraction;
DEAE-Sepharose; Sephadex
G-100
Water extraction;
DEAE-Sepharose; Sephadex
G-50
Water extraction; DEAE-52;
SephacrylTM S-500
Ultrasonic circulating
extraction; DEAE-52

97.5%

Neutral
polysaccharide

D GalA, D glc, L ara, D man, D gal and L rha, with
the molar ratio of
35.07:29.98:16.98:13.01:4.21:0.75
Ara, man, glc, gal, with the molar ratio of
26.21:11.81:53.66:8.32

–

Neutral
polysaccharide

Ara, man, glc, gal, with the molar ratio of
20.9:4.5:71.9:2.7

[19]

90.5%

Neutral
polysaccharide
Acidic polysaccharide

Rha, ara, gal, with the molar ratio of 1:4.84:5.34

[11]

Rha, galA, glc, gal, xyl, ara

[9]

91.63%

2.1. Materials and reagents
Maca tubers were purchased from Yantai supplier, Shandong, China.
And the samples of maca were obtained from Yunnan province of China
during in November–December at 2800–3200 m sea level. And the samples were identiﬁed by Prof. Demin Gao (Shandong University of Traditional Chinese Medicine, Jinan, China). The tubers were washed, sliced,
and powdered by a pulverizer and passed through a 40-mesh sieve and
stored in the room temperature condition. The biological activities and
structures of maca are highly correlated with the origin.
Rhamnose (rha), fucose (fuc), arabinose (ara), xylose (xyl), mannose (man), glucose (glc), galacturonic (gal), glucuronic acid (glcA),
and galacturonic acid (galA) were obtained from Sigma Chemical Co.,
Ltd. Phenol, blood urea nitrogen (BUN), lactic acid (LD) and liver glycogen (LG) kits, were acquired from Nanjing Jiancheng Bioengineering Institute. Ethanol, chloroform, acetone, n butyl alcohol were purchased
from Sinopharm Chemical Reagent Co., Ltd. Triﬂuoroacetic acid was
purchased from Aladdin Industrial Corporation.
2.2. Preparation and determination of maca polysaccharide extract (MPE)
Based on the single factor experiment results, each dried maca powder (5.0 g) and water solution were extracted 2 times at different liquid
to solid ratio (20:1–30:1 mL/mg). Then the heating procedure was conducted in the different extraction temperature (70 °C–90 °C) for various
extraction time (2.5 h–3.5 h). The extract was ﬁltered and centrifuged
at 4000 rpm for 10 min and then the supernatant was collected. The
MPE content of part collection was measured by the phenol-sulfuric
acid method [11]. The yield of MPE (Y) was measured as followed,
CV
 100%
m

References

D Ara, D xyl, D Man, D glc, D gal, with the molar
ratio of 7:2:4:36:6
39.5%–69.4% Heteropolysaccharide Rha, Ara, Glc, Gal

2. Materials and methods

Y¼

Monosaccharide composition

ð1Þ

where C is the extract MPE concentration (mg/mL), V is the extract MPE
volume (mL), m is the dried maca powder mass (mg).
Based on the best extraction conditions, the extract was condensed
at the solution to raw material (2:1), and ethanol precipitation to a concentration of 80% and placed at 4 °C for 24 h, the precipitation was

[10]

[18]

collected and washed at ethanol 3 times and acetone 3 times, respectively. And the supernatant was deproteinized by improved Sevag's
method (solution to Sevag's reagent = 1:1, 1 times; solution to Sevag's
reagent = 4:1, 7 times). The supernatant was precipitated at ﬁnal ethanol concentration of 80% and stored at 4 °C overnight. The precipitate
was collected and washed with acetone and petroleum ether in turn,
and then was dried at 60 °C to obtain MCP.
2.3. RSM experimental design
In order to obtain the best extraction conditions of MPE, the RSM
was used to evaluate optimized technology based on the pre-experiment results. The response value was extraction yield, and the variables
(extraction temperature, extraction time and liquid to solid ratios)
levels were coded +1, 0 and −1 respectively according to the following
formula.
Xi ¼

Xi −X0
; i ¼ 1; 2; 3
ΔXi

ð2Þ

where Xi is the coded values; xi is the independent parameter practical
value; x0 is the independent parameter real value at the center point;
Δxi is the step change value.
The detailed experimental matrix was listed in Tables 2 and 3. And
the system model was employed as mentioned above.
Y ¼ β0 þ

X

βi Xi þ

X

βii X2i þ

X

βij Xi X j

ð3Þ

where Y is the predicted response value, β0 is the intercept term, βi, βii,
and βij are the linear term, squared term and interaction term, respectively, Xi and Xj both are the independent parameter coded levels (i ≠ j).
Table 2
Levels and variable code for RSM.
Independent variables

Symbols

Coded levels
−1

0

+1

Extraction temperature (°C)
Extraction time (h)
Liquid to solid ratios (mL/mg)

X1
X2
X3

70
2.5
20:1

80
3
25:1

90
3.5
30:1
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Table 3
The responses for MPE yields.
Run

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

Coded values

Y

X1

X2

X3

Experimental

Predicted

90
80
70
80
80
70
80
90
80
70
80
80
70
90
80
80
90

2.5
3.5
2.5
3
3
3.5
3
3.5
3
3
2.5
3
3
3
3.5
2.5
3

25
30
25
25
25
25
25
25
25
20
20
25
30
20
20
30
30

4.79
4.29
7.82
9.71
9.65
5.06
9.65
4.57
9.27
7.25
8.79
9.16
6.13
4.79
7.52
7.9
2.78

4.74
4.65
8.34
9.49
9.49
5.11
9.49
4.05
9.49
7.09
8.43
9.49
5.72
5.20
7.63
7.79
2.94

The results of RSM were evaluated by the Design-Expert 8.0.5b software. The signiﬁcance of statistics analysis was evaluated by analysis of
variance (ANOVA). F-value and p-value are used to access the regression
coefﬁcient signiﬁcance and coefﬁcient of determination (R2) and adjusted coefﬁcient of determination (R2Adj) are used to express the adequacies of models. The surface and 3D contour plots are applied to
demonstrate the relationship between the independent parameters
and responses [20,21].

MCP middle-dose group (MCP-M) (300 mg/kg·d), MCP high-dose
group (MCP-H) (600 mg/kg·d). The animals were administrated oral
treatment with dose of 0.15 mL/10 g at 9:00–10:00 am every morning
for 30 days.
2.5.2. Weight analysis
The weights of mouse were recorded in the 1st, 8th, 15th, 22th, 30th
day. And the data was analyzed by SPSS software.
2.5.3. Forced swimming test
After 30 d consecutive gavage treatment, all of mice swam with a
load that was corresponded to 5% of the weights to the tail. The swimming container (length of 35 cm, temperature of 25 ± 1 °C), and the
swimming time was recorded until the mice failed to raise the water
surface within 5 s.
2.5.4. Analysis of biochemical parameters and organ indices
The mice were immediately anesthetized, and then the organs (liver,
spleen, thymus) and blood obtained by removing eyeball and were collected after the forced swimming, and the serum was obtained by centrifugation at 4000 rpm for 10 min. The biochemical indexes (LG, BUN,
and LD) were analyzed by the biochemical reagent kits.
2.6. Statistical analysis
The statistics were analyzed by the software SPSS Statistics 17.0, and
One-way analysis of variance and Duncan's test were used to compare
the group differences. The results were indicated by means ± standard
deviation, and P b 0.05 was considered that the statistics had signiﬁcant
differences.

2.4. Physicochemical characterizations of MCP

3. Results and discussion

2.4.1. Determination of MCP and protein contents
The total sugar and protein contents of optimal extraction and purify
process were measured by the phenol-sulfuric acid and Bradford
method, respectively [22,23].

3.1. Optimization of MPE

2.4.2. UV analysis
The UV spectrophotometer (UV9100B) was used to measure the
spectrum over the range from 200 nm to 800 nm and explore the protein and amino acids existence [24].
2.4.3. Analysis for monosaccharide compositions of MCP
The monosaccharide compositions of MCP were determined by the
gas chromatograph (GC), the detailed process was conducted as follows: 30 mg MCP was hydrolyzed with 5 mL 2 mol/L triﬂuoroacetic
acid solution (TFA) at 120 °C for 1.5 h, and then the methanol was
added to remove the excess TFA and repeated 3–4 times. MCP was further analyzed and detected by the GC instrument equipped with DB-17
high-performance capillary column (30 m × 0.25 mm, 0.25 μm). The
vaporizer temperature was 250 °C and detector temperature was 280
°C. And the column temperature procedure was showed as followed,
180–210 °C, 5 °C/min → 210–215 °C, 0.3 °C/min → 215–240 °C, 8 °C/
min. The external calibration was used to evaluate the MCP monosaccharide compositions.
2.5. Anti-fatigue activity
2.5.1. Experiment design
40 male Kunming mice that were purchased from Pengyue
Experimental Animal Center (Shandong, China) and were housed
under the conditions, temperature was 25 ± 1 °C, humidity was
50%–60%, and the standard diet and water were free obtained.
The animals were randomly divided into four groups after 7 d acclimatization: normal group, MCP low-dose group (MCP-L) (150 mg/kg·d),

3.1.1. Single factors results
The explored single factors studies were consisted of three parameters (extraction temperature, extraction time, liquid to solid ratio). The
optimal conditions based on the single factor assays were: extraction
temperature was 90 °C, extraction time was 3 h, and the liquid to solid
ratio was 25:1 mL/g.
The general single factor extraction tests were conducted as
followed, take the example of extraction temperature single factor
test, the extraction temperature was different, while extraction time
and liquid to solid ratio were set as 3 h and 25:1 mL/g, respectively.
The extraction temperature was within the range from 50 °C to 100
°C, when the extraction temperature increased from 50 °C to 80 °C,
the yield increased. In addition, the yield could obtain the highest number (9.435 ± 0.25 mg/g) when the extraction temperature was 80 °C.
The increasing of extraction temperature could enhance the diffusion
of MPE in extraction solvent, Whereas, the extraction yield dropped
when the temperature over 90 °C due to the MPE structure damage
and degradation.
The similar trend was performed in the extraction time and liquid to
solid ratio single assays. Higher extraction time and liquid to solid ratio
could increase the MPE yield due to the MPE dissolution increased,
however, when the extraction time exceeded 3 h and liquid to solid
ratio exceeded 25:1 mL/g, the yield dropped due to the impurities increased and cavitation energy assimilation [25].
3.1.2. Optimization of MPE yields
The RSM design was applied to evaluate the extraction temperature,
extraction time and liquid to solid ratio effects as well as the interaction
effects for yields of MPE. The independent variables have been conﬁrmed according to the single-factor assays. The range of independent
variables was displayed in Table 2, and the yield of MPE was analyzed
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and the results were showed in Table 3. The predicted response Y for
MPE yield could be demonstrated by the equation as follows:
Y ¼ 9:49−1:17X1 −0:98X2 −0:91X3
þ 0:63X1 X2 −0:22X1 X3 −0:59X2 X3 −2:91X1 2 −1:02X2 2 −1:34X3 2
ð4Þ
where Y is the MPE predicted yield, X1 is the extraction temperature
coded parameter, X2 is the extraction time coded parameter, X3 is the
liquid to solid ratio coded parameter.
The different inﬂuencing factors of MPE yield were evaluated by
Analysis of variance (ANOVA), and the predictive model was displayed
in Table 4. The model had a signiﬁcant inﬂuence on MPE yield, which
was evaluated by the parameter of F-value (model = 41.91) with a
low p-value (P N F) b 0.0001. Lack of Fit “P N F” values was N0.05 and
model term p-value was b0.05, which indicated that RSM results had
statistically signiﬁcant and test ﬁt was good. The p-value (P b 0.05) of
linear coefﬁcients of X1, X2 and X3, cross product coefﬁcients of X1X3,
X2X3, and quadratic coefﬁcients of X21, X22, X23, suggested that the coefﬁcients were signiﬁcant. In addition, the determination coefﬁcient (R2)
value was 0.9818 and adjusted R2 was 0.9584, which were closer to 1,
demonstrated that the high efﬁcacy of the second-order polynomial
equation. In addition, the adequate precision was 6.38, indicated that
the model was an adequate signal and could navigate the design
space. Besides, the regression model was a good experimental result
prediction and the real factor effects.
3.1.3. Analysis of response surface
The three-dimensional response surface plots (3D-surface) were
used to show the interactions between experimental levels of each factors. The different plots shapes indicated that the different inﬂuences
between the different variables. For example, the elliptical counter
plots showed the signiﬁcant inﬂuences on the relevant parameters
[26]. And the 3D-surface showed that the mutual effects of two parameters, while the other parameter was set at zero level.
The MPE yields (Y) under different extraction temperature (X1) and
extraction time (X2), while the liquid to solid ratio (X3) was set at zero
level. The MPE yield increased when the extraction temperature in the
range from 70 °C to 77.29 °C and the extraction time in the range from
2.5 h to 2.72 h, and the yield decreased when the extraction temperature exceed 77.29 °C and the extraction time exceed 2.72 h. Analysis
the reason that caused the phenomenon, which may due to the higher
extraction temperature could inﬂuence the biochemical activity and
the increasing of the polysaccharides decompositions.
The interaction effects between the extraction temperature and liquid to solid ratio, the results did not indicate the signiﬁcant inﬂuence.
Table 4
ANOVA for RSM for maca polysaccharides.
Source

Squares df

Square F-value Prob N F

Model
A-extraction
temperature
B-extraction time
C-liquid to solid ratios
X1 X2
X1 X3
X2 X3
X1^2
X2^2
X3^2
Residual
Lack of ﬁt
Pure error
Cor total

80.09
10.88

9.00
1.00

8.90
10.88

41.91
51.25

b0.0001 ⁎⁎⁎
⁎⁎⁎
0.0002

7.72
6.57
1.61
0.20
1.37
35.60
4.38
7.59
1.49
1.23
0.26
81.57

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
7.00
3.00
4.00
16.00

7.72
6.57
1.61
0.20
1.37
35.60
4.38
7.59
0.21
0.41
0.06

36.37
30.95
7.60
0.93
6.45
167.68
20.64
35.76

0.0005
0.0008
0.0282
0.3663
0.0387
b0.0001
0.0027
0.0006

6.38

0.0527

⁎ P b 0.05.
⁎⁎ P b 0.01.
⁎⁎⁎ P b 0.001.
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The highest yield was 9.74 mg/g when the extraction temperature
was 78.15 °C and the liquid to solid ratio was 23.37:1 mL/g. The further
increased of extraction temperature and liquid to solid ratio had the opposite inﬂuence on the MPE yield.
The signiﬁcant inﬂuence between the extraction time and liquid to
solid ratios was studied. The yield increased when the extraction time
increased from 2.5 h to 2.8 h, and the liquid to solid ratio between 20
mL/g and 23.79 mL/g. The extraction yield not increased until the extraction time was 2.8 h and the liquid to solid ratio was 23.79 mL/g,
which may due to the saturation in the solubility of MPE and the enhancement of the impurities.
According to the RSM optimal extraction result, the optimal condition was as follows: extraction temperature was 77.54 °C, extraction
time was 2.75 h, and liquid to solid ratios was 23.96:1 mL/g. The predicted extraction yield was 9.97 mg/g at the optimal conditions.
3.1.4. Veriﬁcation
In order to verify the optimal parameters and levels of the extraction
technology, the best optimal extraction conditions were used to be implemented and three parallel trials were conducted. The MPE extraction
yield was 9.975 ± 0.021 mg/g and closed to the predicted value, which
indicated that the RSM model was suitable for the MPE optimization.
3.2. MCP characterizations
3.2.1. Contents of total sugar and protein
MCP was obtained by the water extraction and ethanol precipitation
and the protein was measured by Bradford method to assess the
deproteinization result. Based on the optimal extraction results, the puriﬁed MCP total sugar and protein contents of optimal extraction were
61.00% and 4.46% based on the dry crude MCP, respectively.
3.2.2. UV analysis
The detailed message was showed in Fig. 1. There was an absorption
peak at 207 nm, which demonstrated the existence of maca polysaccharides. What's more, the existence of 280 nm absorption peak revealed
that MCP consisted of amino acids. And the absence of the protein absorption peak was not consistent with the Bradford assay result,
which may due to the protein had denaturation and inactivation.
3.2.3. MCP monosaccharide composition
GC was used to analyze the monosaccharide compositions, the result
demonstrated that MCP consisted of Rha, Glc and Gal, with the molar ratios of 2.34:10.21:1.00. And glucose is the major monosaccharide composition of MCP heteropolysaccharide. At the similar experiment of
Zha et al., the monosaccharide compositions of maca polysaccharides
were consisted of D rha, D ara, D glc and D gal, and D gal was the highest
content of maca monosaccharide compositions [27]. The differences between the different monosaccharide compositions maybe due to the

Signiﬁcant

⁎⁎⁎
⁎⁎⁎
⁎
⁎
⁎⁎⁎
⁎⁎
⁎⁎⁎

Fig. 1. The UV spectrum analysis.
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differences between the raw material and the detection methods. The
detailed information was shown in Fig. 2.
3.3. MCP anti-fatigue activity
3.3.1. Weight and organ index analysis results
The mouse weight variation trend was recorded in Fig. 3. Compared
to the control group, the MCP-L, MCP-M, MCP-H group did not show the
signiﬁcant differences (P N 0.05). And there were no signiﬁcant differences in the spleen index and the thymic index between the control
group and experimental groups (P N 0.05), which revealed that the
anti-fatigue activity was not related with the immunocompetence.
And the liver index result (P N 0.05) indicated that the mouse with
MCP did not show the side reaction during the feeding period.
3.3.2. Exhaustive swimming time result
Exhaustive swimming time is the direct motion index to evaluate
the anti-fatigue ability. By comparing the exhaustive swimming time
between the control group and different dose MCP treatment groups,
the result indicated that MCP had a signiﬁcant inﬂuence (P b 0.05) on
anti-fatigue activity. The results were showed in Fig. 4. And the MCP-L,
MCP-M, MCP-H group increased the ratios of exhausting swimming
time were 198%, 148%, 177%, respectively. The order of the MCP group
signiﬁcant level was, MCP-L group N MCP-H group N MCP-M group,
which did not show the dose-dependent relationship.
3.3.3. Biochemical parameters results
The fatigue performance was caused due to the energy consumption
and deﬁciency, and it can reduce the body endurance capacity. Energy
can be generated by the glycogen breakdown [28] and circulating glucose production. The content of increasing LG indicated the anti-fatigue
ability improved. The result showed that MCP-L group had more significant inﬂuence than that of the control group, and higher than that of
the control group by 15.61%.
As the metabolic product of protein and amino acid metabolism,
BUN is the important index to evaluate the fatigue activity [29]. The
MCP-L group could signiﬁcantly decrease the BUN level compared to
the control group in mice (P b 0.05). However, the differences between
the MCP-M, MCP-H groups and the control group were not signiﬁcant
on reducing BUN level.
LD is the glycolysis product under anaerobic condition, the accumulation of it can be harmful to the organs and lead to the fatigue [30,31].
The LD content had not shown the signiﬁcant difference between MCP
groups and control group on the LD level, which may due to the individual differences (Fig. 5).
In summary, the biochemical parameters (LG, BUN and LD) were
chose as indexes to evaluate the anti-fatigue activity. And three of the
parameters had signiﬁcantly differences compared to the control
group, the result indicated that the MCP had anti-fatigue effect. The

Fig. 2. Standard monosaccharide mixture (A) and MCP sample (B). 1: Rha, 2: Fuc, 3: Ara, 4:
Xyl, 5: Man, 6: Glc, 7: Gal, 8: GlcA, and 9: GalA.

Fig. 3. Effects of MCP on weight variation trend in mice. MCP-L: MCP low dose group;
MCP-M: MCP middle dose group; MCP-H: MCP high dose group. Every column
represents the means ± standard errors. *, P b 0.05; **, P b 0.01.

result indicated that the MCP-L group signiﬁcantly increased the LG
level and decreased the BUN level and did not show the dose-dependently relationship. And the LG parameter was the most signiﬁcant
index to evaluate the anti-fatigue activity among the four parameters.
The anti-fatigue effect may be due to the increasing of LG level, and it related with the MCP composition structures. According to the previous
papers, we found that the neutral polysaccharide and acidic polysaccharide isolated from maca had the anti-fatigue activity, implied that the
activity of MCP maybe attribute to the synergistic effect [8]. However,
based on the healthcare production and industrial production, the simple extraction and puriﬁcation process was beneﬁcial for the further
production. In all, the paper conducted the anti-fatigue experiment
with MCP at the optimal extraction conditions. In addition, the papers
of anti-fatigue activity had explored the relationship between the antifatigue activity and anti-oxidant activity, demonstrated that the mechanism was related with the oxidative stress [32]. However, the serum parameters (MDA, GPx and SOD) did not show the signiﬁcant inﬂuences
between the experiment groups and the control group. The mechanism
of anti-fatigue activity still need to be further explored.

Fig. 4. Effects of MCP on forced swimming time in mice. MCP-L: MCP low dose group;
MCP-M: MCP middle dose group; MCP-H: MCP high dose group. Every column
represents the means ± standard errors. *, P b 0.05; **, P b 0.01.
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monosaccharide compositions were composed of rhamnose (rha), glucose (glc), galactose (gal), at the ratio of 2.34:10.21:1.00. Maca was usually used as healthcare product, however, the main material was mainly
extract and powder, the substance-function relationship was unclear.
The paper aimed to show the maca polysaccharide's function of anti-fatigue and further provided the raw material of healthcare product. The
swimming parameter and biochemical parameters results showed
that MCP had anti-fatigue activity. In addition, the optimal extraction
condition could increase the crude MCP yield and be beneﬁcial for the
industrial production.
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