International Journal on Vol.13 (2023) No. 1
Advar!ced Sci(_ence ISSN: 2088-5334
Engineerin

Information Technology

The Effect of Ratio of Methanol and Concentration of Methanol
in Corn Silk Extracts with Ultrasonic-assisted Extraction
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Abstract—Cornsilk refers to stigmas of female maize flowers. Corn silk contains abundant flavonoids. Flavonoids show a variety of
biological activities, such as antioxidants. Several methods, such as microwave, ultrasonic, supercritical fluid extraction, and multiple
extraction technologies, were used to extract flavonoids from corn silk. The ultrasonic-assisted extraction method (UAE) seems to be
very reliable among these methods. UAE has the advantage of simplicity and can be easily implemented with other extraction
techniques. Hence, the current study aimed to determine the effect of the ratio (material: methanol) and concentration of methanol
corn silk extracts in UAE. The experimental design used was a factorial Randomized Completely Block Design (RCBD) with two factors
and three replications for each treatment. The two treatments were: Al=methanol (1:4) (w/v), A2=methanol (1:6) (w/v), A3=methanol
(1:8) (w/v) and methanol concentration (60, 70 and 80%). Results showed that the ratio of methanol and concentration had a significant
effect (p<0.05) on nutritional and phytochemical content in corn silk extracts. The best treatment interaction on A3B3 (1:8 (w/v) and
methanol concentration 80% with nutritional content analysis (water 6.38%, ash 1.11%, fat 0.44%, protein 4.70%, carbohydrates
87.23%, and dietary fiber 2.72% and the analysis of phytochemicals content (total phenol 2.91 pg GAE/g, flavonoids 2.32 ng GAE/g,
beta carotene 1.07 ppm, vitamins C 12.47 mg, and antioxidant activity 27.08%). The implication of this study is that corn silk extracts
could be developed as a source of nutrients and bioactive compounds, and corn silk waste can be converted into value-added products.
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food and food ingredient.

L. INTRODUCTION According to Nurhanan, Rosli, and Mohsin. [12], extract
Indonesian people widely used traditional medicines the antioxidant components of corn silk using methanol and
derived from nature because they were cheap, easy, and water, with the total polyphenol content in the methanol and
relatively safe compared to synthetic medicines [1]. This water extracts being 272.81 mgGAE/100g and 256.36
condition triggers research of chemical compounds of mgGAE/100 mg, respectively (dry). The extract of sweet corn
secondary metabolites contained in plants, such as in parts of silk with the solvent combination (methanol: water) (85:15)
the corn plant that corn silk [2]. Corn silk was a typical was higher than the extract with the solvent combinations
substance used in traditional medicine as a laxative and blood (ethanol: water), (acetone: water), and (ethyl acetate: water)
pressure-lowering agent [3] containing secondary metabolite [13]. Theresearch that was conducted in the extract of soursop
compounds such as main, B-carotene, beta-sitosterol, geraniol, leaves best using the ultrasonic method of long extraction 20
hordenine, limonene, menthol, site skin, oil volatile, alkaloid, minutes [14]. The results of the research by Sholihah, Ahmad,
saponin, tannin, flavonoid, flobotanin, alcohol, terpenoid, and Budiastra [15] using an ultrasonic method with the
glycoside, protein, carbohydrate, fiber, B vitamin, vitamin C, amplitude of 65% vyield value yield, can produce the best

vitamin K, Zn, Ka, Ca, Mg and P, steroids such as antioxidant activity and anthocyanin levels.
stigmasterol, anthocyanin, protocatechin, vanillic acid, The weakness of the extraction with the conventional way
derivatives hesperidin, quercetin, chlorogenic acid, and takes a long time and the high temperature in the extraction
phenolic compounds other [4]-[11]. The content of nutritional and the results of the extracts were low. Ultrasonic-Assisted
and functional properties of corn silk was potential functional Extraction was one of the extraction methods available.
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According to Keil [16], the ultrasonic method was an effective
and efficient method of extraction of non-thermal to improve
the liquid's penetration towards the cell wall membrane,
support the release of cell components, and increase the
transfer of mass. This study aims to determine the effect of
the ratio (material: methanol) and concentration of methanol
corn silk extracts with the Ultrasonic-Assisted Extraction
method (UAE).

II. MATERIALS AND METHOD

A. Material and Tools

Fresh cornsilk varieties were used as raw materials in this
study. Bisma was obtained from Pati Regency, Central Java,
at the age of 80 days (ripe). Methanol was used as the solvent,
and pro-quality analysis was performed (Sigma, or E-Merck).
Knife, pan, blender, dry (National PBL-104), cabinet dryer
automatic (OVG-12), sieve 60 mesh (ATE-126, 0.250 mm),
thermometer, plastic, and brush were used to make the
powder corn silk. Corn silk was extracted using ultrasonic
horn shakes (Cole Palmer/CPX 130), stirrer glassware (Pyrex),
smooth filter paper, a rotary evaporator (Buchi B-490), a
freezer, vacuum filter (Butchi V500), a shaker water bath,
analytical balance, pipette drops, dark bottle, spray equipment
nitrogen, and aluminum foil. The tools used for the analysis
include the stative, oven electric, pH meter, analytical balance,
color reader, becker glass, petri dish, desiccator, suction ball,
lights, thermometers, racks, aluminum foil, wooden tube,
cuvette,  spectrophotometer UV-Vis, Folin-Ciocalteu
colorimetric, centrifuge, GC - MS, and some glassware for
analysis.

B. Research Procedure

Fresh corn silk was sorted, drained, and crushed with a
blender to produce corn silk powder and weighed 20 g of corn
silk powders. Corn silk powders extract with ratio (material:
methanol): 1:4, 1:6, 1:8 w/v, and concentration of methanol:
60%, 70%, 80%, and ultrasonic: 20 minutes, amplitude 65%,
temperature 60°C. Furthermore, filtering and separation were
carried out using a rotary flash evaporator to produce corn silk
powder extracts. Next, each sample was filtered and stored at

4°C in an amber flask, which was capped and sealed for the
next analysis [17].

C. Experimental Design

The design of the experiment used is Factorial Randomized
Completely Block Design (RCBD) with two factors and three
replications. The treatments are the ratio (material:methanol)
consist  of Al=(material:methanol) (1:4) (W/v),
A2=(material:methanol) (1:6) (W/v), and A3=
(material:methanol) (1:8) (w/v) and concentration of
methanol, B1=60%, B2=70%, and B3=80%.

The information was presented in the form of an
averagetstandard deviation (SD). Furthermore, the data
obtained were analyzed using ANOVA at a significance level
of 95%, and if there was a difference between the treatments,
the Duncan Multiple Range Test (DMRT) was used at a level
of 5%.

D. Parameters

The parameters were observed in corn silk extracts include
nutritional content analysis (water, ash, fat, protein,
carbohydrates, and dietary fiber) [18] and the analysis of
phytochemical content (total phenols [19], total flavonoids
[20], beta carotene [21], vitamins C [18], and antioxidant
activity [20].

III. RESULTS AND DISCUSSIONS

A. Nutritional Content

Table 1 shows the water content of extracts of corn silk was
ranged between 6.38-8.07%. Ash content of corn silk extracts
was ranged between 1.07-1.11%. The fat content of the
extract of corn silk was ranged between 0.44-0.47%. The
protein content of corn silk extracts was ranged between 4.52-
4.70%. The carbohydrate content of corn silk extracts was
ranged between 84.59-87.23%. Dietary fiber corn silk extracts
were ranged between 2.30-2.72%. Table 1 shows p-value of
water (p-value 0.001), ash (p-value 0.003), fat (p-value 0.001),
carbohydrates (p-value 0.015), and dietary fiber (p-value
0.005). There was a difference between treatments after the
DMRT at the level of 5% with a p value<0.05.

TABLEI
THE DESCRIPTION OF NUTRITIONAL CONTENT

Nutritional content

Treatment

Water (%) Ash (%) Fat (%) Protein (%) Carbohydrates (%) Dietary Fiber (%)

AlBI1 8.07 £0.01 1.07 £0.00 0.47 +£0.00 4.52+0.01 85.39+0.70 2.30+0.00
AlB2 8.06 +£0.01 1.09 £ 0.00 0.47 +£0.00 4.53+0.01 85.85+0.13 2.32+0.00
AlIB3 7.60+0.13 1.09 +0.00 0.46 +0.00 4.56+0.01 85.95+0.10 2.34+0.02
A2Bl1 7.51+0.08 1.09 +0.00 0.46 +0.00 4.60+0.01 86.12+0.10 2.37+0.00
A2B2 7.41£0.06 1.09 +£0.01 0.46 +0.00 4.61 £0.04 86.22+0.28 2.37+0.02
A2B3 6.76 £0.01 1.10+0.01 0.45+0.00 4.65+0.01 86.27 +£0.24 2.51+0.02
A3BI1 6.73 £0.05 1.10 +£0.00 0.45+0.00 4.66+0.01 86.28 £0.32 2.56 +0.00
A3B2 6.68 +0.01 1.11+0.01 0.45+0.01 4.67 +0.04 87.03+£0.03 2.67 +0.00
A3B3 6.38 £0.05 1.11+0.01 0.44 +£0.00 4.70 £0.04 87.23 +0.04 2.72+0.00
p value 0.001 0.003 0.001 0.000 0.015 0.005

Ratio: Al (material:methanol (1:4)(w/v)), A2 (material:methanol(1:6)(w/v)), A3 (material:methanol(1:8)(w/v)).

The concentration of methanol: B1 (60%), B2 (70%), B3 (80%)

Table 1 shows that the water content of extracts of corn silk
was ranged between 6.38-8.07%. The principle of the water
content analysis was to know and determine the water content
contained in the material [22]. From Table 1, it was known
the smaller the ratio (material: methanol) and the
concentration of methanol, the water content in the extract
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would decrease. The decline in water levels correlated with
increased levels of total phenol, in which the lower the water
content, the content of total phenols higher. The total phenol
in an extract decreased along with increased water in the
extract [23]. In addition, the water in food material was also
closely related to the product's durability. The reduction of



water either in cooking or the addition of other materials was
to food preservation so that it can be resistant to chemical
damage and microbe [24].

Ash content of corn silk extracts ranged between 1.07-
1.11%. Ash content was an organic substance from the
residual combustion of organic material. The higher the ash
content of food material revealed, the more mineral that was
conceived in the food [25]. The content of mineral material
can explain the high and low levels of ash content in corn silk
[26], [27]. Table 1 shows that the concentration of methanol
will increase when the ash content in corn silk extract also
increases. So, it means the higher the concentration of
methanol, the higher the ash content obtained. This is because
methanol is a polar compound called a universal solvent
because it can extract polar components and nonpolar
components, including ash [28]. Ash content contained in
corn silk extracts was polar and non-polar. Polar minerals will
dissolve insolvent in the liberation of the fat and the extraction
process [29]. Based on polarity and solubility, polar
substances will easily be soluble in polar solvents, while the
substances that were non-polar will easily soluble in the non-
polar solvents [30].

Table 1 shows the fat content of the extract of corn silk was
ranged between 0.44-0.47%. Fat levels decrease when the
ratio (material: methanol) and concentration of methanol
increase. From Table 1, it was known that the smaller the
number ratio (material: methanol) and the concentration of
methanol were added, the fat content in the extract of corn silk
will be smaller. This was due to the lower concentration of
methanol. Then, the contact between the corn silk and
methanol will be smaller so that the fat extracted will be less.
This result was consistent with the research findings that
methanol was a polar solvent, while the fats were non-polar
molecules [31]. Fat reduction is due to the methanol solvent
because fats can not be extracted by the methanol, because
they have different polarities. From like dissolve-like
principle, it is known n that the polar compounds will only
dissolve in polar solvents and non-polar compounds will only
dissolve in non-polar solvents [32]. The reduction of fat levels
in the material is also due to the presence of free fatty acids,
which have fairly good solubility in methanol [33]. The water
content can cause low-fat content was high enough, so the fat
content will proportionally decrease [34].

The protein content of corn silk extracts was ranged
between 4.52-4.70% (Table 1). Table 1 shows that the higher
the solvent concentration and the ratio of the material: solvent,
the higher the protein content. This is because protein is an
organic component that can be taken with a universal solvent,
which is methanol [35]. Proteins are high molecular weight
complex organic compounds that are polymers of amino acid
monomers linked to each other by peptide bonds [36]. Protein
was a macromolecule polypeptide composed of several L-
amino acids and connected beyond a peptide bond [37]. The
high and low protein values measured can be influenced by
the magnitude of the material's water loss (dehydration) [38].
Methanol as a solvent increases the protein content of corn
silk extract. It was claimed that the protein was dissolved due
to the presence of methanol in both. Protein in food has a bond
complex with other components such as carbohydrates, fats,
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minerals, and water [39]. However, after removing
components of the nonprotein, causing the protein was free,
so that was easily measurable at the time of analysis. The
protein content in the protein concentrate was increased since
most carbohydrates have been dissolved in the methanol
solvent.

Table 1 shows that corn silk extracts' carbohydrate content
ranged between 84.59-87.23%. Carbohydrates are the main
energy source for the human body, and one gram of
carbohydrates equals four calories of energy food. The
carbohydrate content also has an important role in
determining the characteristics of food, such as taste, color,
texture, and others [40]. The increase in methanol
concentration causes high carbohydrate content. This is
because the higher the solvent concentration, the more
compound sugar levels contained in the powder corn silk will
be extracted [41], [42].

The difference was expected because the extract's total
sugar content was increasing [41]. A statement also supported
that water evaporation during heating resulted in a decrease in
water content and an increase in solids concentration [43].
The drop in water levels will exacerbate the high levels of
nutrients left behind, and the increased methanol
concentration causes high carbohydrate content. This was
because the higher the concentration of the solvent, the more
sugar levels contained in powder corn silk will be extracted.
The good solvent should have the properties of solubility and
selectivity against glycosides that do not react (damaging) the
desired compound and can be separated easily after the
extraction process [41].

Table 1 shows that dietary fiber corn silk extracts ranged
between 2.30-2.72%. Dietary fiber consists of a form of
carbohydrate that cannot be digested, and there was usually in
the form of polysaccharides derived from plant foods [44].
From the data of Table 1, the smaller the proportion/ratio
(material: methanol) and the concentration of methanol added,
the higher the fiber content in corn silk extract will be. Dietary
fiber can dissolve in polar water [45]. Because it was soluble
in a polar solvent, the higher the concentration of methanol
added to the extract, the greater the increase in dietary fiber.
The higher the concentration of solvent and the ratio of
ingredients and solvents, the higher the fiber content in the
food. This is because the higher the dietary fiber contained in
the extract [46], [47].

B. Phytochemical Content

Table 2 shows that total phenol corn silk extracts ranged
between 2.46-2.91 ng GAE/g. The total flavonoids of corn
silk extracts ranged between 1.96-2.32 ng GAE/g. Beta
carotene content corn silk extracts ranged between 0.96-1.07
ppm. Vitamins C content in corn silk extracts ranged between
10.54-12.47 mg. The antioxidant activity of corn silk extracts
ranged between 22.88-27.08%. Table 2 shows p-value of total
phenol (p-value 0.005), flavonoid (p-value 0.005), beta
carotene (p-value 0.003), vitamins C (p-value 0.000), and
antioxidant activity (p-value 0.000). There was a difference
between treatments after the DMRT at the level of 5% with a
p-value<0.05.



TABLEII
THE DESCRIPTION OF PHYTOCHEMICAL CONTENT

Phytochemical content

Treatment i:tgagzl};;g;l Flaz}(:;l}z;g)(ug Beta Carotene (ppm) Vitamins C (mg) Antioxidant activity (%)
AlBI1 2.46 +0.00 1.96 +0.00 0.96 +0.01 10.54 £ 0.08 22.88+£0.17
AlB2 2.48 +0.00 1.98 £0.00 0.96 +0.00 10.65 +0.01 23.12+0.03
AlB3 2.50+£0.02 2.00+£0.02 0.98 £0.01 10.67 +£0.01 23.17 +£0.03
A2BI1 2.53+0.00 2.02+0.00 0.99 +0.00 10.70 £ 0.08 23.22+0.18
A2B2 2.53+0.02 2.02+0.02 1.00 £ 0.00 10.80 +0.01 23.45+0.03
A2B3 2.69 +0.02 2.14+0.02 1.00 +£0.01 10.83 £ 0.08 23.51+0.18
A3BI1 2.73+£0.00 2.18 £0.00 1.02 +£0.00 12.34£0.02 26.79 +0.04
A3B2 2.86+0.00 2.28 +0.00 1.04 +£0.00 12.43 £0.02 26.98 +0.04
A3B3 2.91+0.00 2.32+0.00 1.07 £0.00 12.47 £0.02 27.08 +0.04

p value 0.005 0.005 0.003 0.000 0.000

Ratio: Al (material:methanol(1:4)(w/v)), A2 (material:methanol(1:6)(w/v)), A3 (material:methanol(1:8)(w/v))

The concentration of methanol: B1 (60%), B2 (70%), B3 (80%)

Table 2 shows total phenol corn silk extracts ranged
between 2.46-2.91 ug GAE/g. This shows that the ratio of the
solvent was 1:8 (w/v) was more effective in generating the
content of phenolic compounds in the extract of corn silk
compared to the other treatments. This was likely caused
because of the nature of the phenol compound which was
soluble in the organic solvent or solvents that were polar,
where methanol was an organic solvent with the polar nature
that can dissolve with better content of phenol compounds in
the material, so that the greater the ratio, the greater the
occurrence of contact between the particles of the powder
with the solvent, so the phenol will be more extracted. It
means the higher the concentration of methanol solvent, the
higher the total phenol content in the extract. This result is in
line with the previous study conducted by Ref. [48] and [49].
The small ratio of the solvent can be possible to evaporate
perfectly during the process of separation of the solvent.
However, this does not occur when the ratio is increased.
There might have been still solvent in the extract, which could
result in the hydrolysis of phenol compounds, so it was not
analyzed as phenol compounds; thus, the higher the solvent
ratio, the lower the total phenol [50]. It was not by following
per the statement from [51] which states that the increase in
the total phenol increased with the increase of the ratio of
material and solvent. The total phenol obtained in the extract
was directly proportional to the amount of methanol added
and the concentration of methanol. The possibility of
complexes of several phenolic compounds forming in the
extracts dissolved in methanol may also contribute to the
increase in total phenol. These phenolic compounds have
more cluster phenol or have a molecular weight higher than
the phenolics in the water extract [52]. The higher the ratio
(material: methanol) leads to the average total phenol getting
higher and higher. The more solvent that was added, the
greater the solvent's ability to dissolve the material, and thus
the greater the number of material components that could be
extracted by the solvent. Because the material-to-solvent ratio
and solvent concentration were both high, the solubility of
phenolic compounds in the solvent was increased. With the
increasing ratio of material and solvent as well as solvent
concentration, the diffusion process can be large, so that the
extraction process will also run quickly [53]. Material
components that were extracted will continue to increase until
the solution becomes saturated, after passing through the
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saturated solution will not increase the extraction yield with
the addition of solvent [54].

Table 2 shows the total flavonoids of corn silk extracts was
ranged between 1.96-2.32 ng GAE/g. The ratio of (material:
methanol) and the concentration of methanol were
responsible for the high and low flavonoid levels in corn silk
extracts.  Antioxidant compounds include phenolic
compounds and total flavonoids. Antioxidant properties of
phenolic compounds play an important role in preventing and
controlling degenerative diseases [55]. According to Ref. [56],
a compound of phenolic or polyphenolic which can be a class
of total flavonoids, derivative of saint, coumarin, tocopherol,
and polyfunctional acids can serve as an antioxidant
compound. The phenolic components can inhibit lipid
oxidation by donating hydrogen atoms to free radicals [57], as
a result, the solvent can extract more material components.
Because of the high material-to-solvent ratio and solvent
concentration, phenolic compounds will be more soluble in
the solvent. The diffusion process can be expanded as the
material/solvent ratio and solvent concentration increase,
allowing the extraction process to run more quickly [53].
Material components that were extracted will continue to
increase until the solution becomes saturated, after passing
through the saturated solution will not increase the extraction
yield with the addition of solvent [54]. So it means the higher
the concentration of methanol causes the total flavonoid
increases. This is by following per the previous study
conducted by [58] and [59].

Beta carotene content corn silk extracts were ranged
between 0.96-1.07 ppm (Table 2). Carotenoids play an
important role in cell protection and can also act as powerful
antioxidants [60]. Carotene included in the class of
carotenoids can act as antioxidants [61]. Increasing the ratio
of the material: methanol and increasing the solvent's
concentration will increase the levels of total carotene and it
was followed by the value of antioxidant activity IC50, where
the smaller the value of the IC50 the greater the activity of the
antioxidant [61]. An increase in beta carotene in the extract is
due to an increase in the concentration of methanol as a
solvent and will cause more beta carotene to be extracted [62].

Table 2 shows vitamins C content corn silk extracts was
ranged between 10.54-12.47 mg. Vitamins C also called
ascorbic acid, was a vitamin that was easily changed due to
oxidation, but very useful for humans. It was chemical
structure consists of a chain of 6 atoms of C, and its position



was not stable (CsHzOg) because it was easy to react with O
in the air to be dehydroascorbic acid [63]. Table 2 shows that
the higher the ratio and concentration of the solvent, the more
vitamin C content will increase. This was because vitamins C
were vitamins that have water-soluble properties, where water
was the polar compound that was the same as the methanol
solvent used in this study. The research results [64] said that
the vitamin C content was usually increased with the amount
and the concentration of solvent added.

The antioxidant activity of corn silk extracts ranged
between 22.88-27.08% (Table 2). There was a difference
between treatments after the DMRT at the level of 5% with a
p-value <0.05. The ability of phenolic compounds to act as
antioxidants was related to their chemical structure [65]. The
configuration and the total hydroxyl group of the very base
were influenced by the mechanism of its antioxidant activity
[66]. There was a positive relationship between antioxidant
activity and polyphenolic compound content [67]. The higher
the ratio between samples with solvents, the antioxidant
activity from the extract will be lower [68]. This can be caused
by the ratio of large samples, the concentration of the solution
nearing the point of equilibrium. The phenolic compounds
contained in the gambier surface will be extracted with
difficulty. When the sample-to-solvent ratio is small, the time
required to reach the point of equilibrium is long, and the
concentration of phenolic in the liquid becomes very dilute,
producing low antioxidants (large IC50) [66]. The higher the
ratio and the concentration of the solvents, the antioxidant
activity from the extract will be higher [68]. From Table 2, the
phenolic and flavonoid compounds also increased.
Antioxidant activity increases along with antioxidant
compounds, such as phenolic and flavonoids. High phenolic
and flavonoids have high antioxidant activity [69]. The
increase in antioxidant activity in extracts of corn silk is in
Table 2. Due to more and more corn silk extracted with an
increase in methanol solvent, then the results of the extract
will be higher anyway. The high results of the extract will also
cause high antioxidant activity in the extract. This result
follows the previous study conducted by Ref. [70]. According
to Ref. [71], corn silk has the potential to be used as a natural
antioxidant because it has high antioxidant activity.

IV. CONCLUSION

The best treatment interaction on the A3B3 (1:8) (w/v) and
the concentration of methanol 80% with nutritional content
analysis (water at 6.38%, ash at 1.11%, fat at 0.44%, protein
at 4.70%, carbohydrates at 87.23%, and dietary fiber at 2.72%)
and the analysis of phytochemicals content (total phenol at
2.91 pg GAE/g, flavonoids at 2.32 ng GAE/g, beta carotene
at 1.07 ppm, vitamins C at 12.47 mg, and antioxidant activity
at 27.08%).
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