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Optimization of drying temperature and water extraction time of Monascusfermented durian seed for the Monacolin K content using Response
Surface Methodology
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Optimization of the drying temperature and hot water extraction time of Monascus-fermented
durian seed for the monacolin K content in functional drink for the reduction of blood cholesterol
was investigated in this study. Monascus-fermented durian seed was produced by inoculating
the spore suspension of Monascus sp. KJR2 into boiled durian seed cuts and then incubated
at room temperature (30oC) for 14 days. The experimental design for optimization of drying
temperature of the Monascus-fermented durian seed (MFDS) and extraction time was carried
out using the central composite of Response Surface Methodology. The products were then
extracted with distilled water (95oC) at various extraction time. The extracts were analyzed for
the monacolin K content by using HPLC. The results showed that the optimum conditions of
the product containing monacolin K were drying temperature of 35oC and extraction time of 1
minute.
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Introduction
Many people in the world suffer from elevated
plasma cholesterol
(hypercholesterolemia),
a
condition occurring when the LDL-cholesterol
content of the blood is above the normal
level. Hypercholesterolemia is major cause of
artherosclerosis, coronary heart disease, stroke and
other diseases related to blood circulation (Endo,
1988; Lin et al., 2008). Monascus-fermented
products have been traditionally used in treatment to
reduce blood cholesterol. Cholesterol is synthesized
from acetyl-CoA, the precursor, through a series of
enzyme reactions. In humans, most of the cholesterol
in the body is produced in the liver. Hepatic
cholesterol synthesis is regulated by the activity of
the enzyme hydroxymethylglutaryl-CoA (HMGCoA) reductase, which catalyzes the conversion
of HMG-CoA to mevalonate. Many researchers
reported that Monascus fungi produce monacolin K,
a HMG-CoA reductase inhibitor (Endo, 1980; Li et
al., 1998; Seraman et al., 2010; Venkateswaran and
Vijayalakshmi, 2010). Our previous study showed
that Monascus-fermented durian seed contains
monacolin K, an antihypercholesterolemic agent
(Srianta et al., 2012).
Some researchers reported that monacolin K is
heat sensitive (Ou et al., 2009; Jirasatid et al., 2013).
As the monacolin K is sensitive to temperature,
*Corresponding author.
Email: srianta_wm@yahoo.com
Tel: +6231 5678478 ext 110

© All Rights Reserved

this study objective was to optimize the drying
temperature and hot water extraction time in the
production of the MFDS functional drink-containing
Monacolin K. The optimum levels with highest
monacolin K content were determined by response
surface methodology (RSM).
Materials and Methods
Culture
Monascus sp. KJR2 was obtained from the Center
for Food and Nutrition Research, Widya Mandala
Surabaya Catholic University. It was maintained on
Saboraud’s Dextrose Agar (SDA) slant, preserved at
4°C and subcultured monthly. After Monascus sp.
KJR2 was grown on SDA slants at room temperature
(30°C) under static conditions for 14 days, 10 mL of
sterile distilled water was added and the spores were
scraped under aseptic conditions. 0.1 mL of the spore
suspension was inoculated into Saboraud’s Dextrose
Broth (SDB) and then was incubated at room
temperature (30oC) for 10 days. It was used as starter
culture to produce Monascus-fermented durian seed.
Production of MFDS and MFDS functional drink
Durian seeds were obtained from local durian
seller. Durian seeds were stored in a freezer (-4oC)
until used. Durian seeds were boiled in a CaCO3
solution of 5% w/v for 10 min. After the seed coat
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Table 1. Experimental design of central composite with 2
factors

(b)

(a)

(c)

Figure 1. MFDS in paper bags (a), extraction (b) and
MFDS functional drink model (c)

were peeled off, the seeds were cut into small size
of 1 cm x 1 cm x 1 cm. A 50 g of small cut durian
seed was transferred into 300 mL flask, mixed
thoroughly, autoclaved at 121oC for 15 min, then
left to cool to room temperature, inoculated with
the spore suspension of Monascus sp. KJR2 and
incubated at room temperature (30oC) for 14 days
in static conditions (with manual shaking daily).
Monascus-fermented durian seed were dried in an
oven at various temperatures i.e. 35, 40, 45, 50 and
55oC for 24 hours. The MFDS functional drink model
is the hot water extract of MFDS (Figure 1). It was
produced by extraction 2.5 g of the MFDS packed in
paper bag with 25 mL of distilled water (95oC) for
various extraction time i.e. 1, 3, 5, 7 and 9 minutes.
The extracts were analyzed for the monacolin K
content by using HPLC.
Determination of monacolin K content
Monacolin K content of the MFDS extracts
were analyzed by using High Performance Liquid
Chromatography (HPLC) according to Wang et al.
(2006) with slight modification. The extracts were
filtered through filter paper, followed by filtration
through a 0.45 μm milipore filters and then the filtrate
was analyzed by HPLC (model LC-20A Prominence,
Shimadzu, Japan). Chromatographic separation was
conducted on a Shim-Pack ODS C18 column (250
mm x 4.6 mm i.d.). Acetonitrile-phosphoric acid
solution (pH 2.5), 65:35 v/v was used as the mobile
phase. The solvents were filtered through 0.45 μm
milipore filters prior to use.The eluent was pumped at
a flow rate of 1.0 mL/min. Monacolin K was detected
by SPD 20-A UV-Vis detector at 238 nm. Monacolin
K from Sigma-Aldrich was used as the standard.
Experimental design and data analysis
Experimental design using Central Composite
with 2 factors, 1 replication, total runs is 13 with cube
points 4, center points in cube 5 and axial points 4,
and alpha 1,41421. Table 1 shows the experimental
design used in this study. The obtained data were

Run
1
2
3
4
5
6
7
8
9
10
11
12
13

A
0.00000
0.00000
0.00000
-1.00000
0.00000
-1.00000
0.00000
0.00000
1.41421
0.00000
1.00000
-1.41421
1.00000

B
0.00000
0.00000
0.00000
1.00000
-1.41421
-1.00000
1.41421
0.00000
0.00000
0.00000
1.00000
0.00000
-1.00000

Note: A: drying temperature (oC) and B: extraction
time (min)

analyzed by using Minitab 16 Software
Results and Discussion
Figure 2 is the chromatograms of Monacolin K
standard and a representative of the samples being
analysed. Monacolin K retention time on those HPLC
analytical conditions was 14.4 min. The Monacolin
K content of 13 runs samples were shown on Table
2. Figure 3 show the result of the analysis of the data
obtained. The optimum conditions for the extraction
of the Monacolin K are drying temperature of 35oC
and extraction time of 1 minute. The results reflect
that the Monacolin K was stable at the lowest drying
temperature and the shortest extraction time. Our
observation concur with the results reported by other
researchers who studied the effect of the temperature
on the Monacolin K content, that the Monacolin K is
heat sensitive. Li et al. (2005) reported that monacolin
K were dehydrated during storage of red yeast rice
powder at 60 and 80oC. Ou et al. (2009) also reported
that monacolin K in red yeast rice solution was easily
degraded under thermal treatment at 85 - 121oC.
Heating at 121oC for 90 minutes reduce almost 50%
of monacolin K. Under thermal treatment, monacolin
K degrade to dehydromonacolin K. It does not
only reduce therapeutic effects of monacolin K, but
also leads to unnecessarily adsorption of degraded
products into human body (Chairote et al., 2008).
The air-exposed during drying process did in
this study might also contribute to the monacolin K
degradation. Recent study on kinetic degradation of
monacolin K in red rice powder showed that vaccum
and atmospheric conditions of red rice powder
indicate different degradation mechanisms (Jarasatid
et al., 2013). They proposed that under the influence
of atmospheric thermal condition, monacolin K acid
form will degrade into oxidized product other than
dehydromonacolin K acid form.
Further studies on in vitro and in vivo evaluation
of the MFDS functional drink model obtained from
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Figure 2. Chromatogram of standard MK (A) and sample
(B)
Table 2. MK content of 13 runs samples
Run
1
2
3
4
5
6
7
8
9
10
11
12
13

Drying Temperature (oC)
45
45
45
40
45
40
45
45
55
45
50
35
50

Extraction Time (Min)
5
5
5
7
1
3
9
5
5
5
7
5
3

MK Content (mg/L)
0.0168
0.0168
0.0168
0.0000
0.2202
0.1042
0.0252
0.0168
0.2128
0.0168
0.0000
0.1594
0.0000

Drying Temperature Vs Extraction Time
9

MK (mg/L)
< 0,0
0,0 – 0,1
0,1 – 0,2
0,2 – 0,3
0,3 – 0,4
> 0,4

Extraction Time (Min)

8
7
6
5
4
3
2
1
35

40
45
50
Drying Temperature (oC)

75

55

Figure 3. Graph contour of the response surface of drying
temperature and extraction time

optimum conditions are needed.
Conclusion
The optimum process conditions for developing
functional drink based on Monascus-fermented
durian seed containing monacolin K were drying
temperature of 35oC and water extraction time of 1
minute.
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