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 Abstract: In this study, menthol was glycosylated with starch in the presence of α-
amylase to produce menthyl maltoside (MenM) as the primary product. Optimization of 
the experimental parameters, including the menthol-starch ratio, enzyme concentration, 
temperature, and time, was performed using response surface methodology (RSM). The 
RSM-generated model displayed adequate accuracy and reasonable predictability for the 
MenM yield under the specified experimental conditions. Under the optimized reaction 
conditions of the menthol-to-starch ratio of 1:3 (50 °C, 18 h) and enzyme concentration 
of 50 U, the highest yield of MenM (23.7%) was obtained. Fourier transform infrared and 
nuclear magnetic resonance spectroscopies were employed to analyze the synthesized 
menthol derivative MenM. Compared with standard menthol, the synthesized menthol 
derivatives displayed various biological activities, including antioxidant, antibacterial, 
antifungal, and insecticidal properties. The results of this study demonstrate the 
effectiveness of RSM-optimized synthesis of MenM from the glycosylation of menthol with 
starch. This study showed that MenM is highly soluble in water and can be easily stored 
owing to its non-volatile nature. 
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■ INTRODUCTION 

Menthol is a monoterpene alcohol widely used in 
oral products because of its refreshing and minty flavor, 
including foodstuffs, medicines, cream tablets, and 
liquids. The consumption of menthol on an annual basis 
is estimated to be around 30,000 metric tons. Despite its 
extensive use in various fields, the low water solubility of 
menthol and its tendency to sublime after storage has 
restricted its broad application. Therefore, researchers are 
interested in the synthesis of menthol compounds to 

resolve these problems. In its free state, menthol exhibits 
a natural mint flavor and diverse pharmacological effects. 
These characteristics are lost when menthol is converted 
to other compounds or derivatives. Researchers are 
interested in the synthesis of menthol compounds with 
enhanced water solubility. A significant breakthrough 
occurred when I-menthyl-p-oglucopyranoside, a 
monoterpene glycoside, was extracted from mint plants. 
This compound exhibited excellent water solubility and 
minimal tendency to sublimate during storage. This 
finding has paved the way for the development of 
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suitable techniques for synthesizing monoterpene 
glycosides. In the present study, menthol glycosides were 
prepared as alternatives to menthol [1]. Menthol glucosides 
are also found in nature, particularly Mentha arvensis. 
However, they are present in extremely small amounts, 
making them ineffective for applications similar to 
menthol. Therefore, it is necessary to manufacture menthol 
glycosides [2], with glycosylation being the most commonly 
used method [3]. Glycosylation of non-sugar molecules is 
a crucial and advantageous technique for enhancing their 
physicochemical and biological characteristics, 
particularly their water solubility and stability [4]. 

In this study, glycosylation of menthol with starch 
was studied in the presence of α-amylase to obtain 
menthyl maltoside (MenM) as the major product. The 
enzymatic catalysis of glycosylation is a potent method for 
the synthesis of various biologically active compounds. 
This method yields considerable amounts of less 
poisonous and more active natural compounds, including 
glycosides, while also enabling the enantioselective and 
regioselective synthesis of physiologically active 
molecules. Numerous species include the enzyme α-
amylase, which is involved in starch metabolism and is a 
carbon and energy source. It is extensively employed as an 
industrial enzyme, primarily in the production of starch 
derivatives owing to its exceptional efficiency and cost-
effectiveness. The utilization of low-cost, high-molecular-
weight starch (with a degree of polymerization of 100) as 
a glycosyl donor in α-amylase leads to a significant 
glycoside yield [5]. 

The use of α-amylase in glycosylation has received 
little attention despite extensive research on its properties 
and structure and numerous reports on transferase 
reactions in the literature. Because of its ability to act on 
its substrate through a "retention mechanism" and 
function as a "transferase," α-amylase is primarily 
categorized as a "saccharifying" or "liquefying" enzyme 
because of the degree to which it depolymerizes starch 
molecules. The α-amylase has great potential to 
participate in glycosylation events because starch is a 
widely available substrate. The α-amylase derived from 
Aspergillus oryzae efficiently promotes glycosylation by 
converting maltose to butanol, ethanol, and methanol [6]. 

Additionally, this enzyme transfers glucose molecules 
from oligosaccharides to polyols. This study aimed to 
produce and assess menthol derivatives with enhanced 
yields. Menthol was glycosylated with starch molecules in 
the presence of α-amylase, and the experimental 
conditions were optimized using response surface 
methodology (RSM). FTIR and 1H-NMR were used to 
evaluate the formation of MenM. 

■ EXPERIMENTAL SECTION 

Materials 

Reagents, such as analytical-grade starch, menthol 
(99%), α-amylase (from Bacillus sp. in powder form, 
with enzyme activity of ≥ 1,500 units/mg protein 
(biuret)), ethyl acetate, n-butanol, 2-propanol, 
methanol, 1,1-diphenyl-2-picrylhydrazyl (DPPH), 
silica, potassium ferricyanide, trichloroacetic acid, 
potassium dihydrogen phosphate, ferric chloride, 
menthol, dipotassium hydrogen phosphate, 
ciprofloxacin, and amphotericin B were purchased from 
Sigma-Aldrich. Bacterial and fungal strains, such as 
Enterococcus, Escherichia coli, Proteus spp., 
Staphylococcus aureus, Aspergillus flavus, and Aspergillus 
niger, were obtained from Biochemistry Department 
whereas Trogoderma granarium was provided by the 
Entomology Department of the University of 
Agriculture Faisalabad for evaluation of the bioactivities 
of the synthesized menthol derivatives. 

Instrumentation 

Multiple characterization methods, such as UV-vis 
spectrophotometry using a Cecil 7200 (Germany) 
instrument in the wavelength range of 200–800 nm, 
FTIR spectrometry with a Spectrum GX instrument 
(Perkin Elmer, USA), and NMR spectroscopy using a 
600 MHz Bruker Avance spectrometer, were employed 
to validate the synthesis of MenM. 

Procedure 

Glycosylation of menthol using starch 
The glycosylation of menthol using starch was 

performed in the presence of α-amylase. This enzyme 
has been extensively used for starch degradation. Studies 
have indicated that glycoside molecules can be generated 
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by α-amylase [7]. MenM was synthesized by adding 
menthol and α-amylase to the reaction media [6], as 
shown in Fig. 1. 

Thirty sets of chemical reactions were performed to 
achieve the maximum yield of menthol derivatives, 
according to the evaluated parameters and their levels, as 
shown in Table 1. For example, 1 g menthol and 45 U α-
amylase enzyme were added to a reaction vessel 
containing 2 g starch and 10 mL of pH of 5 potassium 
acetate buffers (50 mM) for the first run. The reaction was 
performed under vigorous shaking at 45 °C for 16 h. 
Following the completion of the reaction, ethyl acetate 
was employed to extract MenM from the reaction mixture 
through a solvent extraction process. Similarly, all other 
experiments designed using response surface 
methodology were performed (Table 1). 

Design and analysis 
The experiments were formulated using Design 

Expert software employing RSM technique with the 
central composite design (CCD) mode. The objective was 
to analyze the impact of various reaction parameters 
MenM yield. Four independent variables (menthol-to-
starch ratio, residence time, temperature, and enzyme 
concentration) were used to determine their effects on the 
dependent variable (MenM yield). The RSM suggested 30 
experiments for the synthesis of MenM (Table 1). The 
following independent variables were coded to ensure no 
experimental error: −2, −1, 0, +1, and +2 as lower, low, 
middle, high, and higher, respectively, with 6 central 
points. To reduce the likelihood of systematic errors 
caused by trends in the variable’s experiments were 
performed in a randomized sequence. The specific 
number of experiments (P) required to produce MenM 
was determined by applying Eq. (1); 

N 4
rP 2 2N N 2 2(4) 6 30= + + = + + =  (1) 

where N signifies the no. of process parameters chosen 
for the experiments, and Nr denotes the no. of repeated 
experimental runs. 

Statistical methods 
Eq. (2) shows the relationship between MenM 

yield (dependent variable) and the interaction impact of 
a few factors (independent variables) [8]; 

k k2
jj j ij i j 0 ij 1 i j 2Y x x x e= < == β + β + β +    (2) 

where y represents the yield of MenM, β0, βjj, and βij are 
the model coefficients, xi, and xj are the coded factors 
(chosen parameters) [9]. The significance of the model 
was assessed using ANOVA, and a p-value exceeding 
0.05 was deemed statistically significant [10] with a 
confidence level of 95%. To evaluate the suitability of the 
quadratic model proposed by the RSM as the optimal fit, 
coefficient  of  determination (R2) and  lack-of-fit  values  

 
Fig 1. Starch catalyzed reaction with α-amylase to 
synthesize MenM 

Table 1. RSM-based menthol derivative optimization with coded and uncoded factors 

Processes Parameters of reaction Unit 
Coded and uncoded factors 

−1 0 +1 

Glycosylation 
using starch 

Menthol to starch ratio - 1:2 1:3 1:4 
Temperature  °C 45 50 55 
Residence time h 16 18 20 
Enzyme concentration U 45 50 55 
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were examined. The utilization of the predicted model led 
to the generation of 3D and contour plots, which depict 
the correlation between two independent variables in the 
menthol derivative synthesis process and the resulting 
yield of menthol derivatives. Throughout the experiments, 
the third and fourth process variables were kept constant 
[9]. The experimental design and independent variables, 
both in coded and uncoded forms, proposed by CCD to 
improve the efficiency of menthol glycosylation using 
sucrose and α-glucosidase are presented in Table 2. 

Purification of MenM 
The synthesized product was isolated from the 

reaction mixture using ethyl acetate, followed by 
chromatography over a silica column with water:2-
propanol:n-butanol in a 4:5:10 volume ratio [11]. 

Biological evaluation of synthesized derivatives 
MenM has been evaluated for several biological 

activities, including antioxidant properties, as evidenced 
by DPPH and RPA assays, and insecticidal, antibacterial, 
and antifungal properties. MenM has antioxidant  
 

Table 2. Experimental plan for menthol glycosylation using starch as a reactant 

Run 
Coded Uncoded 

Menthol to 
starch ratio 

Temp. 
(°C) 

Residue 
time (h) 

Enzyme 
Conc. (U) 

Menthol to 
starch ratio 

Temp. 
(°C) 

Residue 
time (h) 

Enzyme 
Conc. (U) 

1 −1 −1 −1 −1 1:2 45 16 45 
2 +1 −1 −1 −1 1:4 45 16 45 
3 −1 +1 −1 −1 1:2 55 16 45 
4 +1 +1 −1 −1 1:4 55 16 45 
5 −1 −1 +1 −1 1:2 45 20 45 
6 +1 −1 +1 −1 1:4 45 20 45 
7 −1 +1 +1 −1 1:2 55 20 45 
8 +1 +1 +1 −1 1:4 55 20 45 
9 −1 −1 −1 +1 1:2 45 16 55 

10 +1 −1 −1 +1 1:4 45 16 55 
11 −1 +1 −1 +1 1:2 55 16 55 
12 +1 +1 −1 +1 1:4 55 16 55 
13 −1 −1 +1 +1 1:2 45 20 55 
14 +1 −1 +1 +1 1:4 45 20 55 
15 −1 +1 +1 +1 1:2 55 20 55 
16 +1 +1 +1 +1 1:4 55 20 55 
17 −2 0 0 0 1:1 50 18 50 
18 +2 0 0 0 1:5 50 18 50 
19 0 −2 0 0 1:3 40 18 50 
20 0 +2 0 0 1:3 60 18 50 
21 0 0 -2 0 1:3 50 14 50 
22 0 0 +2 0 1:3 50 22 50 
23 0 0 0 −2 1:3 50 18 40 
24 0 0 0 +2 1:3 50 18 60 
25 0 0 0 0 1:3 50 18 50 
26 0 0 0 0 1:3 50 18 50 
27 0 0 0 0 1:3 50 18 50 
28 0 0 0 0 1:3 50 18 50 
29 0 0 0 0 1:3 50 18 50 
30 0 0 0 0 1:3 50 18 50 
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properties, especially in terms of its capacity to scavenge 
and reduce free radicals. The ferric-reducing antioxidant 
power test was used to evaluate these characteristics and 
ascertain the RPA of MenM [12]. MenM and gallic acid 
(20, 40, 60, 80, and 100%) were each dissolved in 0.2 M of 
2.5 mL of phosphate buffer with pH = 6.6, and 1% of 
2.5 mL of potassium ferricyanide. The solution was then 
incubated for 20 min at 50 °C. The chemical process was 
stopped by introducing 2.5 mL of 1% trichloroacetic acid 
into the reaction environment. Subsequently, the mixture 
was centrifugated at 1000 rpm for 10 min. Subsequently, 
0.25 mL of distilled water and 0.5 mL of a 0.1% FeCl3 
solution were added to the 0.25 mL supernatant. The 
absorbance was measured at 700 nm using a UV-vis 
spectrophotometer following a 30 min incubation at 
room temperature. The calibration curve was used to 
calculate the RPA, and the results were presented as 
g/100 mL of %gallic acid equivalent (GAE). The free 
radical scavenging activity was assessed using DPPH as 
the source of free radicals [13] according to published 
literature [14]. A volume of 2.5 mL of MenM was diluted 
in 1 mL of DPPH 0.09 mM. Subsequently, the total 
volume of the solution was adjusted to 4 mL by the 
addition of 95% methanol. A volume of 2.5 mL of MenM 
was diluted with 1 mL of methanol to prepare the control 
solutions. After keeping in the dark for 1 h, the 
absorbance was measured at 515 nm. Eq. (3) determined 
the fraction of free radicals inhibited by each sample; 

blank sample

blank

A A
%inhibition 100%

A
−

= ×  (3) 

where variables Ablank and Asample are employed to indicate 
the absorbance values of the control reaction and the 
sample, respectively. 

Six strains of microbes (comprising bacteria and 
fungi), including Enterococcus, E. coli, Proteus spp., S. 
aureus, A. flavus, and A. niger, were used to detect 
antimicrobial activities of MenM by adopting a previously 
described procedure [15]. The antibacterial effect of 
MenM was assessed using the disc-diffusion method. 
Nutrient agar (NA) was inoculated into sterile petri dishes 
containing test microbe cell suspensions (200 μL of cell 
suspension in 20 mL of NA). Filter paper discs with sterile 
surfaces were placed on top of the inoculated agar and 

impregnated with 20 μL of each sample (MenM) at 
various concentrations (1:1, 1:5, 1:10, and 1:20). As 
positive controls, 6 mm standard discs containing 25 μg 
per disc of amphotericin B and 25 μg of ciprofloxacin 
were used. Prepared sample plates were incubated for 
18–24 h at 37 °C. The growth inhibitory zone diameter 
was expressed in millimeters. The experiments were 
carried out in triplicate. 

The khapra beetles (T. granarium) were chosen to 
evaluate the insecticidal activities of MenM [16-17]. 
Before the MenM treatment, the khapra beetles were 
categorized into 4 distinct groups. Each group consisted 
of 3 replicate sets with 20 khapra beetles in each set. 
Different concentrations of MenM solution (125, 250, 
and 500 ppm) were applied to khapra beetles. 
Treatments were conducted by adding 20 khapra beetles 
to petri dishes containing filter papers that had been 
dipped in prepared MenM solutions of various 
concentrations (wheat grains were used as a food source 
for khapra beetles in the petri plates). 

According to Abbott's formula (Eq. (4)), the 
mortality rate was measured at 4- and 8-day intervals; 

O C

C

M M
Corrected mortality  (%) 100%

100 M
−

= ×
−

 (4) 

where MO denotes the sample % mortality and MC 
denotes the control % mortality.  

■ RESULTS AND DISCUSSION 

Characterization of Menthol Derivative 

The synthesized MenM was characterized 
experimentally by evaluating its λmax value. The 
experimental λmax value for MenM was 361 nm. From 
the comparison of the theoretical and experimental 
values, it can be concluded that the targeted product may 
be synthesized successfully, as the synthesized product 
had a λmax experimental value close to the theoretical 
value of λmax. 

The results of FTIR analysis of MenM were 
consistent with the visual observations of this study. Peak 
(i) in Fig. 2(a) represents menthol, whereas peak (ii) 
represents a derivative of MenM. The peaks that appeared 
between 1400 and 800 cm−1 were enlarged and are shown 
in  separate   graphs  in  Fig.  2(b).   The  C–H  stretching  
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Fig 2. FTIR spectra of (a) menthol and MenM with (b) enlarged at specific regions 

 
vibrations, both symmetrical and asymmetrical, are 
represented by the peaks formed in the region of 3000–
2800 cm−1. 

Significant peaks in the menthol spectrum were 
observed at the following wavelengths: 3400–3200 cm−1 
for the O–H group, 2855–2924 cm−1 for the CH3 group, 
1025–1045 cm−1 for the C–O bond, and 1368 cm−1 for the 
isopropyl group. Similar evaluations of menthol have 
been previously published [18]. An additional peak at 
952 cm−1, which was not present in the spectrum of 
menthol, was visible in the MenM FTIR spectrum. The 
glycosidic bond visible in this peak supports MenM 
synthesis. Prior research revealed that peaks in this range 
indicated the glycosidic bonds [19-20]. 

The 1H-NMR data validated the success synthesis of 
MenM (Fig. 3). 1H-NMR (600 MHz CDCl3 ppm), 0.92 
(12H, 3CH4), 1.36 (2H, CH2, CcyclicH), 1.54 (4H, 2CH2), 
1.61 (1H, CH, CcyclicH), 1.91 (1H, CH, CcyclicH), 2.56 (2H, 
2CHO, Oacyclic) 3.32 (5H, 5OH), 3.34 (2H, 2CH2OH, 
CacyclicH), 3.36 (4H, 2CH2, CacyclicH), 3.47 (5H, 5CH2, 
CcyclicH), 4.07 (2H, 2CHCH2, CacyclicH2), 4.24 (1H, CHO, 
Ocyclic), 5.26 (2H, 2OCHO). 

Glycosylation of Menthol Using Starch 

The α-amylase is widely utilized in the industrial 
sector for the processing of starch. This enzyme possesses 
hydrolytic and transglycosylation activities, making it 
highly versatile [18]. During starch degradation by α-
amylase,   water   competes   with   menthol  as  a  glycosyl  

1 2 3 4 5
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Fig 3. 1H-NMR spectrum of MenM 

acceptor [7]. In this study, MenM were obtained in 
23.7% yield under optimized reaction conditions. 

RSM for The Glycosylation of Menthol Using 
Starch 

Development of regression model 
The reaction variables for enzymatic glycosylation 

were assessed using CCD, a design approach frequently 
used in RSM. These variables included α1, which is the 
ratio of menthol to starch (ranging from 1:2 to 1:4); α2, 
which is the temperature (45–55 °C); α3, which is the 
residence time (16–20 h), and α4; the enzyme 
concentration (45–55 U). The 4 variables studied are 
listed in Table 2, along with their ranges and levels as 
well as the coded and real values for each process 
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parameter. The comprehensive CCD matrix displaying 
the actual process variables investigated and their 
corresponding results are presented in Table 3. 
Experiments were performed randomly to minimize the 
errors that could arise from systematically altering the 
reaction variables. 

Regression analysis for MenM yield 
Among the various models (cubic, linear, two-factor 
interaction, and quadratic polynomial) assessed for their 
suitability in describing the current response, the 
quadratic model has emerged as the most appropriate fit 
because of its higher-order polynomial structure and 

additional terms of relevance. As shown in Table 4, the 
RSM software suggested a quadratic model for MenM 
synthesis. Eq. (5) represents the model according to the 
encoded values α1, α2, α3, and α4 for MenM synthesis. 

1 2 3 4

1 2 1 3 1 4
2

2 3 2 4 3 4 1
2 2 2
2 3 4

Y 21.98 0.9583 1.87 2.60 2.18
     0.65 0.487 0.775

     0.1625 0.1250 1.69 1.1

     2.28 2.45 2.66

= + α + α + α + α
+ α α + α α − α α

+ α α + α α − α α − α

− α − α − α

 (5) 

The MenM yield was negatively affected by the 
negative sign (−) in front of the terms, but the positive 
sign (+) demonstrated a synergistic effect [21]. The 
model (Eq. (5)) signified that positive signs were present 

Table 3. Displays the outcomes of the experimental design matrix for the MenM yield. 

Run α1: Menthol 
to starch ratio 

α2: Temperature 
(°C) 

α3: Time 
(h) 

α4: Enzyme 
concentration (U) 

Y: MenM yield 
Actual (%) Predicted (%) 

1 1:2 45 16 45 5.20 4.85 
2 1:4 45 16 45 5.90 6.05 
3 1:2 55 16 45 6.70 6.71 
4 1:4 55 16 45 11.40 10.50 
5 1:2 45 20 45 12.40 12.13 
6 1:4 45 20 45 15.70 15.27 
7 1:2 55 20 45 14.40 14.64 
8 1:4 55 20 45 20.60 20.38 
9 1:2 45 16 55 13.70 13.90 
10 1:4 45 16 55 12.20 11.99 
11 1:2 55 16 55 15.80 16.25 
12 1:4 55 16 55 16.70 16.95 
13 1:2 45 20 55 13.50 14.42 
14 1:4 45 20 55 14.50 14.46 
15 1:2 55 20 55 17.60 17.43 
16 1:4 55 20 55 19.70 20.07 
17 1:1 50 18 50 16.20 15.68 
18 1:5 50 18 50 19.00 19.52 
19 1:3 40 18 50 9.10 9.12 
20 1:3 60 18 50 16.60 16.58 
21 1:3 50 14 50 6.80 7.00 
22 1:3 50 22 50 17.60 17.40 
23 1:3 50 18 40 6.10 6.98 
24 1:3 50 18 60 16.60 15.72 
25 1:3 50 18 50 20.30 21.98 
26 1:3 50 18 50 21.00 21.98 
27 1:3 50 18 50 21.20 21.98 
28 1:3 50 18 50 23.70 21.98 
29 1:3 50 18 50 23.40 21.98 
30 1:3 50 18 50 22.30 21.98 
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before the coefficient; α1, α2, α3, α4, α1α2, α1α3, α2α3 and α2α4, 
linearly increased MenM yield. MenM yield was 
negatively affected by the quadratic terms α1

2, α2
2, α3

2, α4
2, 

α1α4, and α3α4. The statistical ANOVA results for the 
MenM synthesis are shown in Table 5. The analysis was 
done to evaluate the suitability and significance of the 
quadratic model. Furthermore, Table 5 illustrates how the 
individual factors and their interactions influence the 
MenM yield. 

The MenM model demonstrated statistical 
significance with a 95% confidence level, as indicated by 
its F-value of 62.96 and a p-value < 0.0001. To evaluate the 
significance of each regression coefficient and determine 

how cross-product interactions affect MenM yield, 
researchers utilized the p-value, which indicates the 
likelihood of experimental error. A lower p-value 
signifies a greater significance for the corresponding 
coefficient [22]. The main factors affecting MenM yield 
were identified as α2, α3, α4, and interaction terms 
between these main factors. Additionally, the quadratic 
terms for MenM were identified as α1

2, α2
2, α3

2, and α4
2. 

The experimental results were precise, with a minimal 
CV value of 6.43% for the MenM yield (Table 6). The 
lack-of-fit test yielded a non-significant result (p-value = 
0.9682), indicating that the model adequately fit the 
experimental data. According to the lack-of-fit test, there 

Table 4. Fit Summary of the MenM yield (using menthol and starch) 
Source Sequential (p-value) Lack of fit (p-value) Adj. R² Pred. R² 

 

Linear 0.0040 0.0056 0.3584 0.3002 
 

2FI 0.7883 0.0037 0.2742 0.1951 
 

Quadratic < 0.0001 0.9682 0.9677 0.9514 Suggested 
Cubic 0.8587 0.9993 0.9541 0.9836 Aliased 

Table 5. ANOVA for the quadratic model of MenM yield (using menthol and starch) 
Source Sum of squares df Mean square F-value p-value 

 

Model 841.2500 14 60.0900 62.9600 <0.0001 Significant 
α1: Menthol to starch ratio 22.0400 1 22.0400 23.1000 0.0002 

 

α2: Temperature 83.6300 1 83.6300 87.6200 <0.0001 
 

α3: Residence time 162.2400 1 162.2400 169.9900 <0.0001 
 

α4: Enzyme conc. 114.4100 1 114.4100 119.8700 <0.0001 
 

α1α2 6.7600 1 6.7600 7.0800 0.0178 
 

α1α3 3.8000 1 3.8000 3.9800 0.0644 
 

α1α4 9.6100 1 9.6100 10.0700 0.0063 
 

α2α3 0.4225 1 0.4225 0.4427 0.5159 
 

α2α4 0.2500 1 0.2500 0.2619 0.6162 
 

α3α4 45.5600 1 45.5600 47.7400 <0.0001 
 

α1² 32.9400 1 32.9400 34.5100 <0.0001 
 

α2² 143.0000 1 143.0000 149.8400 <0.0001 
 

α3² 164.0800 1 164.0800 171.9200 <0.0001 
 

α4² 193.8300 1 193.8300 203.0900 <0.0001 
 

Residual 14.3200 15 0.9544 
   

Lack of fit 4.8500 10 0.4847 0.2560 0.9682 Not significant 
Pure error 9.4700 5 1.8900 

   

Cor. total 855.5700 29 
    

Table 6. Fit statistics of MenM yield (using menthol and starch) 
Std. dev. Average  C.V. (%) R2 Adj. R2 Pred. R2 Adeq. precision 
0.9769 15.20  6.43 0.9833 0.9677 0.9514 24.7964 
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is evidence of unaccounted factors in the model that may 
influence the relationship between the regressor and the 
response [23]. The predicted and adjusted R2 values were 
in good agreement, indicating that the model accurately 
explained 96.77% of the variability in the MenM yield. 

Fig. 4(a) depicts the correlation between the 
observed and predicted MenM yields. The close 
alignment between the experimental and predicted values 
suggests that the current study's data fit the applied model 
well. This correlation indicates that the response of the 
model within the studied range was evaluated with 
considerable accuracy and reliability. 

To further validate the suitability of the model, a 
residual analysis was conducted, which provided 
information on the disparity between the predicted and 

actual reactions using the residual value. Two plots were 
used to evaluate the performance of the model: a normal 
probability residual plot (Fig. 4(b)) and a predicted 
versus residual response plot (Fig. 4(c)). The normal 
distribution of the MenM data is shown in Fig. 4(b), 
which shows no volatility and a close fit to a straight line. 
The quadratic model was deemed sufficient because the 
lack of structure in the predicted versus residual plot 
(Fig. 4(c)) did not contradict the assumption of constant 
or independent variance. A plot was constructed to 
ascertain the most appropriate model for the data, 
showing the relationship between the experimental runs 
and externally studentized residuals (Fig. 4(d)). 
According to the results, all data points were found to be 
within a  reasonable range, and the  empirical model was  

 
Fig 4. Diagnostic plots for the adequacy of the RSM model: (a) comparison of predicted versus actual values, (b) normal 
residual plots, (c) residual plots versus predicted values, and (d) residual versus run of MenM yield using menthol and 
starch 
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deemed appropriate for characterizing MenM production 
yield using RSM, as evidenced by the satisfactory plots in 
Fig. 4. 

Reaction parameter’s impact on MenM yield 
The RSM model found that α2, α3, and α4 

significantly impacted MenM yield. Fig. 5(a) and 5(b) 
depict the contour and 3D plots, respectively, illustrating 
the interaction between α1 and α2 on the MenM yield. The 
α4 and α3 were fixed at 50 U and 18 h, respectively. Analysis 
of the plots shows that varying α2 between 45–55 °C, while 
keeping the α1 constant did not lead to a notable increase 
in MenM yield. However, the yield of MenM increased 
with α1. Interestingly, an increase in both α1 and α2 led to 
a higher MenM yield, suggesting that these parameters are 
interdependent. The maximum MenM yield was 
observed at 50 °C, which is the optimal temperature for α-
amylase production [18]. Similar effects on MenM yield 
were observed for other interaction parameters, including 
α1 and α4, at a fixed α4 of 50 U and α3 of 50 °C, as shown in 
Fig. 5(c-f). Additionally, α1 and α4 at a fixed α3 of 18h and 
α2 of 50 °C exhibited similar effects on the MenM yield, as 
illustrated in Fig. 5(c-f). Fig. 5(g-j) demonstrates the 
influence of α2 and α3 at a fixed α1 of 1:3 and α4 of 50 U on 

the MenM yield. These figures revealed that as α2 
increased, the MenM yield initially increased slightly; 
however, beyond a certain point, the yield decreased 
when α4 remained constant. Additionally, α4 had a 
similar effect on MenM yield when α2 was kept constant. 

Conversely, Fig. 5(k) and 5(l) depict the impact of 
α3 and α4 at a fixed α1 of 1:3, and α2 of 50 °C on the MenM 
yield. These graphs indicate that increasing both α3 and 
α4 led to a significant increase in MenM yield. Therefore, 
these interaction parameters significantly influenced each 
other. As mentioned in Eq. (5), the interactions between 
the parameters were found to reduce the MenM. 
Therefore, it is generally recommended that the reaction 
be initiated with an increase in one of these parameters 
when the second parameter is low. The most significant 
MenM yield was attained by employing α1 of 1:3, α3 of 
18 h, α2 of 50 °C, and α4 of 50 U. Nevertheless, the highest 
MenM yield was obtained by employing α1 of 1:3, α2 of 
50 °C, α3 of 22 h, and α4 of 50 U. In a previous study, the 
effect of α4 on the synthesis of glycosides in the presence 
of α-amylase was investigated. The study revealed that the 
yield of the product increased above 30 °C and reached 
its maximum at 50 °C. However, a significant decrease in 
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Fig 5. Contour and three-dimensional plots of reaction parameters of: (a, b) menthol-to-starch ratio × temperature; 
(c, d) menthol-to-starch ratio × time; (e, f) menthol-to-starch ratio × enzyme concentration; (g, h) temperature × time; 
(i, j) temperature × enzyme concentration; (k, l) time × enzyme concentration; and the yield of MenM, respectively 
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product yield was observed when α2 was further increased 
to 80 °C due to the enzyme inactivation [18]. An increase 
in α1 resulted in a higher MenM yield up to a certain limit. 
The stabilization of α-amylase can be attributed to the 
binding of starch molecules to their three-domain 
boundaries [24]. 

Additionally, as the starch concentration increases, 
the water activity decreases, which also increases the yield 
of the target product [18]. Previous studies have shown 
that an increased substrate concentration favors the 
transglucosylation process with α-amylase [25]. The α3 

also had a significant impact on MenM yield. As α3 

increased, the yield of the target product was also 
increased; however, beyond a certain point, the yield 
started to decrease. This decrease in the targeted product 
may be due to the hydrolytic activity of α-amylase because 
the enzyme can utilize the synthesized MenM as a 
substrate molecule for hydrolysis. In general, there is a 
competition between the hydrolysis and trans-
glycosylation reactions, which are mediated by α-amylase. 
The relative rates of degradation and synthesis determine 
the final product yield. A previous study reported that the 
time required for glycosylation of epigallocatechin and 
catechin in the presence of α-amylases was 18–24 h [26]. 

Optimization of MenM yield 
This study aimed to optimize MenM synthesis by 

identifying the operating conditions that yielded the 
highest amount of MenM. To achieve this, reaction 
parameters such as the α1, α2, α3, and α4 were varied within 
a range of high and low levels, respectively. The 
experimental data and model obtained from the input 
criteria were used to develop solutions for the MenM yield 
using the RSM software. The optimal chemical reaction 
conditions were utilized in the synthesis of MenM to 
validate the precision of the model prediction. With a 
projected MenM yield of 23.69%, the ideal reaction 
parameters for MenM production are as follows: α1 of 
1:3.6, α2 of 52.63 °C, α3 of 19.13 h, and α4 of 50.73 U. 
Nonetheless, the experimental MenM yield obtained 
under these conditions was 24.01%. This indicates that the 
projected and experimental values of the RSM were 
similar and the MenM yield is fairly expected and 
accurately described by the RSM model. 

Biological Activities of MenM 

The antioxidant capacity of MenM was assessed 
based on its ability to scavenge DPPH free radicals. The 
results showed that MenM had a DPPH scavenging 
activity of 58.1 ± 0.002% and an IC50 value of 
72.6 mg/mL. These values were comparable to 
previously observed values for menthol (65.2 ± 0.004%) 
[27]. These comparable values can be explained by 
several factors, such as the positioning of functional 
groups around the core structure, molecular 
configuration, substitution patterns, and the total 
quantity of hydroxyl groups. Additionally, the structure, 
number, and presence of sugar components in each 
compound (menthol glycosides) contribute to this 
similarity. According to various studies, the antioxidant 
properties of flavonol glycosides (found in tea) tend to 
decrease as the number of glycosidic moieties increases 
[28]. However, glucose moieties can sometimes enhance 
bioavailability, even though glycoside molecules are 
weaker antioxidant agents than aglycone compounds 
[28]. The IC50 value for MenM was determined to be 
72.6 mg/mL. Previously, the DPPH activity of M. 
arvensis, with menthol as its key component, ranged 
from 67 to 70% after 30 min of incubation in the 
darkness [29]. The reducing power ability (RPA) values 
of MenM were 9.6 ± 0.02% of GAE. This result is similar 
to the findings for DPPH activity, where glycoside 
moieties are weaker antioxidant agents than aglycone 
moieties and glucose can sometimes improve 
bioavailability [27]. Furthermore, these results align 
with other reports, which indicated that mint essential 
oils’ RPA value mostly comprised menthol, was 
200 mg/mL [30]. 

The current investigation aimed to assess the 
antimicrobial properties of MenM, a synthesized 
menthol derivative, against a range of microbial strains, 
including E. coli, S. aureus, Proteus spp., Enterococcus, A. 
flavus, and A. niger. The disc diffusion method was 
employed to test the antimicrobial activity of MenM and 
the results were evaluated based on the zone of 
inhibition. These results indicated that MenM exhibited 
antibacterial and antifungal properties exclusively 
against Proteus species and A. flavus.  This antimicrobial  
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Table 7. Antimicrobial activity of MenM 
Microbes MenM zone (mm) Ciprofloxacin zone (mm) Amphotericin B zone (mm) 
S. aureus 0 30 - 
E. coli 0 25 - 
Proteus spp. 11 27 - 
Enterococcus 0 30 - 
A. flavus 5 - 16 
A. niger 0 - 9 

Table 8. Insecticidal activities of menthol and its derivatives 
Samples Concentration (ppm) % Mortality after 4 d % Mortality after next 4 d Total % Mortality after 8 d 
MenM 500 7 3 10  

250 5 1 6  
125 4 0 4 

 
efficacy was similar to that observed with the standard 
drugs ciprofloxacin and amphotericin B (Table 7). 

However, studies have revealed that menthol 
exhibits activity against all the antimicrobial agents used 
in the current study. The number of hydroxyl and 
methoxy groups, the existence of a sugar moiety, and the 
binding affinities to internal and exterior sites in bacterial 
strains are examples of structural characteristics that can 
significantly affect the membrane permeability and 
antimicrobial effects of substances [31-32]. Table 8 shows 
the mortality rates of T. granarium after 4 d of exposure 
to different substances. MenM treatment (500 ppm) 
resulted in the highest mortality rate (7%). Nonetheless, 
previous reports have suggested a 5% mortality rate 
associated with menthol [26]. In addition, the mortality 
rate increased with increasing concentrations. After 8 d, 
the mortality rate of MenM decreased compared to that 
of the first four days. The calculated value of LC50 for 
MenM menthol against T. granarium was 
22571.8 mg/mL. The ability of these compounds to kill 
insects is attributed to their monoterpene units [33]. 
Monoterpenoids are the main components of essential 
oils (EOs) and plant extracts that provide insecticidal 
qualities [17,34]. Monoterpenoids have various effects on 
mammals and insect targets, including those related to the 
nervous system. These targets included sodium channels, 
nicotinic acetylcholine receptors, tyramine receptors, 
acetylcholine esterase, octopamine receptors, and GABA-
gated chloride channels. Research has demonstrated that 

monoterpenoids bind to ionotropic GABA receptors in 
rats, humans, and insects [35]. Consistent with the 
findings of the current study, menthol and its 
constituents, menthyl chloroacetate and menthyl 
cinnamate, have strong insecticidal efficacy against 
Anopheles tessellatus, Aedes aegypti, and Culex 
quinquefasciatus [36]. Studies on the links between 
structure and activity have shown that even minor 
modifications to the chemical structure or functional 
groups may increase mosquitocidal effects. 

■ CONCLUSION 

Based on the preceding analysis, it can be inferred 
that enzymatic glycosylation of menthol is a promising 
alternative method, primarily because of its ability to 
control both regioselectivity and stereoselectivity. The 
reaction conditions utilized in the current experiment 
were milder than those of conventional chemical 
methods, suggesting its feasibility as a technique for 
synthesizing MenM. The optimum reaction conditions 
were a menthol-to-starch ratio of 1:3, temperature of 
50 °C, time of 18 h, and enzyme concentration of 50 U 
with the maximum MenM yield of 23.7%. MenM was 
evaluated for its biological effects, and the results 
showed it had antioxidant, antibacterial, antifungal, and 
insecticidal properties. MenM is an outstanding 
alternative to menthol in various sectors including food, 
flavors, fragrances, pharmaceuticals, and cosmetics. This 
is attributed to their non-volatile nature, solubility in 
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water, ability to be produced through biocatalysis, and 
release of a non-toxic anchor molecule. 

■ ACKNOWLEDGMENTS 

This Project was funded by the Deanship of 
Scientific Research (DSR) at King Abdulaziz University, 
Jeddah, under grant no. (GPIP: 69-829-2024). The 
authors, therefore, acknowledge with thanks DSR for 
technical and financial support. 

■ CONFLICT OF INTEREST 

The authors declare no conflicts of interest. 

■ AUTHOR CONTRIBUTIONS 

Shafaq Nisar performed investigation, visualization, 
methodology, formal analysis, and original draft writing. 
Muhammad Asif Hanif performed conceptualization, 
investigation, methodology, original draft writing, 
manuscript revision, visualization, validation, 
supervision, and ensured data accuracy. Umer Rashid 
conducted formal analysis, investigation, software, 
visualization, methodology, project administration, 
writing - review & editing. Muhammad Idrees Jilani 
carried out formal analysis, software, and original draft 
writing. Ijaz Ahmad Bhatti performed investigation, 
original draft writing, and provided resources. Imtiaz Ali 
was responsible for funding acquisition, resource 
management, writing review and editing, supervision, 
methodology, and conceptualization. Bartłomiej Zieniuk 
help in interpretation, analysis, and writing - review & 
editing of the manuscripts. All authors have reviewed and 
endorsed the work's published version. 

■ REFERENCES 

[1] Isidorov, V.A., and Masłowiecka, J., 2024, Chemical 
composition of volatile and extractive organic 
compounds in the inflorescence litter of five species 
of woody plants, Plants, 13 (13), 1829. 

[2] Choi, H.Y., Kim, B.M., Morgan, A.M.A., Kim, J.S., 
and Kim, W.G., 2017, Improvement of the 
pharmacological activity of menthol via enzymatic β-
anomer-selective glycosylation, AMB Express, 7 (1), 
167. 

[3] Chen, H., Jin, X., Zhu, L., Lu, Y., Ma, Z., Liu, S., and 
Chen, X., 2020, Glycosyl hydrolase catalyzed 
glycosylation in unconventional media, Appl. 
Microbiol. Biotechnol., 104 (22), 9523−9534. 

[4] Varki, A., and Kornfeld, S., 2022, “Historical 
Background and Overview”. in Essentials of 
Glycobiology, Eds. Varki, A., Cummings, R.D., Esko, 
J.D., Stanley, P., Hart, G.W., Aebi, M., Mohnen, D., 
Kinoshita, T., Packer, N.H., Prestegard, J.J., 
Schnaar, R.L., and Seeberger, P.H., Cold Spring 
Harbor Laboratory Press, New York, US, 4e.1. 

[5] Guo, L., Chen, X., Xu, L., Xiao, M., and Lu, L., 2018, 
Enzymatic synthesis of 6′-sialyllactose, a dominant 
sialylated human milk oligosaccharide, by a novel 
exo-α-sialidase from Bacteroides fragilis NCTC9343, 
Appl. Environ. Microbiol., 84 (13), e00071-18. 

[6] Larsson, J., Svensson, D., and Adlercreutz, P., 2005, 
α-Amylase-catalysed synthesis of alkyl glycosides, J. 
Mol. Catal. B: Enzym., 37 (1), 84−87. 

[7] Tiwari, S.P., Srivastava, R., Singh, C.S., Shukla, K., 
Singh, R.K., Singh, P., Singh, R., Singh, N.L., and 
Sharma, R., 2015, Amylases: An overview with 
special reference to alpha amylase, J Global Biosci., 
4 (1), 1886−1901. 

[8] Danish, M., Mumtaz, M.W., Fakhar, M., and 
Rashid, U., 2017, Response surface methodology 
based optimized purification of the residual 
glycerol from biodiesel production process, Chiang 
Mai J. Sci., 44 (4), 1570−1582. 

[9] Salama, S.Z., Firdaus, M., and Suryanti, V., 2024, 
Cellulose ethers from banana (Musa balbisiana 
Colla) blossom cellulose: Synthesis and multivariate 
optimization, Indones. J. Chem., 24 (1), 200−212. 

[10] Supriyatna, Y.I., Prasetya, A., Astuti, W., Sumardi, 
S., Natalia, P., Adythia, D.M., and Petrus, H.T.B.M., 
2024, Low-grade ilmenite leaching kinetics using 
hydrochloric acid: RSM and SCM approaches, 
Indones. J. Chem., 24 (3), 627−637. 

[11] Do, H., Sato, T., Kirimura, K., Kino, K., and Usami, 
S.J., 2002, Enzymatic synthesis of l-menthyl α-
maltoside and l-menthyl α-maltooligosides from l-
menthyl α-glucoside by cyclodextrin 

Acc
ep

te
d



Indones. J. Chem., xxxx, xx (x), xx - xx    

 

Shafaq Nisar et al. 
 

15 

glucanotransferase, J. Biosci. Bioeng., 94 (2), 119−123. 
[12] Azizuddin, A., and Ghafoor, S., 2018, The study of 

changes in physical attributes, chemical 
composition, phenolic evaluation and antioxidant 
capacity of pomegranate fruit during storage, Anal. 
Chem. Lett., 8 (6), 769−781. 

[13] Naz, N., Saqib, S., Ashraf, R., Majeed, M.I., and Iqbal, 
M.A., 2020, Synthesis of new organoselenium 
compounds: Characterization and biological studies, 
Maced. J. Chem. Chem. Eng., 39 (1), 1−10. 

[14] Pérez-Rosés, R., Risco, E., Vila, R., Peñalver, R., and 
Cañigueral, S., 2016, Biological and nonbiological 
antioxidant activity of some essential oils, J. Agric. 
Food Chem., 64 (23), 4716–4724. 

[15] Onanuga, A.O., and Oloyede, G.K., 2021, Two new 
biologically active steroids from Costus lucanusianus 
(Costaceae), Steroids, 175, 108913. 

[16] Hamza, A.F., Zahran, N.F., and Gad, H.A., 2024, 
Improving the insecticidal efficacy of Thuja orientalis 
essential oil by gamma radiation against Trogoderma 
granarium, Radiat. Phys. Chem., 223, 112035. 

[17] Alnaser, A., Tayoub, G., Ghanem, I., and Audeh, A., 
2013, Chemical constituents and insecticidal activity 
of the essential oil from fruits of Foeniculum vulgare 
Miller on larvae of Khapra beetle (Trogoderma 
granarium Everts), Herba Pol., 59 (4), 86−96. 

[18] Wang, K., Qi, T., Guo, L., Ma, Z., Gu, G., Xiao, M., 
and Lu, L., 2019, Enzymatic glucosylation of 
salidroside from starch by α-amylase, J. Agric. Food. 
Chem., 67, 2012−2019. 

[19] Hong, T., Yin, J.Y., Nie, S.P., and Xie, M.Y., 2021, 
Applications of infrared spectroscopy in 
polysaccharide structural analysis: Progress, 
challenge and perspective, Food Chem.: X, 12, 100168. 

[20] Kowalczuk, D., and Pitucha, M., 2019, Application of 
FTIR method for the assessment of immobilization 
of active substances in the matrix of biomedical 
materials, Materials, 12 (18), 2972. 

[21] Angassa, K., Tesfay, E., Weldmichael, T.G., and 
Kebede, S., 2023, Response surface methodology 
process optimization of biodiesel production from 
castor seed oil, J. Chem., 2023 (1), 6657732. 

[22] Shafiq, F., Mumtaz, M.W., Mukhtar, H., Touqeer, 
T., Raza, S.A., Rashid, U., Nehdi, I.A., and Choong, 
T.S.Y., 2020, Response surface methodology 
approach for optimized biodiesel production from 
waste chicken fat oil, Catalysts, 10 (6), 633. 

[23] Penjumras, P., Abdul Rahman, R., Talib, R.A., and 
Abdan, K., 2015, Response surface methodology for 
the optimization of preparation of biocomposites 
based on poly(lactic acid) and durian peel cellulose, 
Sci. World J., 2015 (1), 293609. 

[24] Janeček, Š., Svensson, B., and MacGregor, E.A., 
2014, α-Amylase: An enzyme specificity found in 
various families of glycoside hydrolases, Cell. Mol. 
Life Sci., 71 (7), 1149−1170. 

[25] Hu, Z., Wang, Z., Liu, Y., Wu, Y., Han, X., Zheng, 
J., Yan, X., and Wang, Y., 2015, Metabolite profile 
of salidroside in rats by ultraperformance liquid 
chromatography coupled with quadrupole time-of-
flight mass spectrometry and high-performance 
liquid chromatography coupled with quadrupole-
linear ion trap mass spectrometry, J. Agric. Food 
Chem., 63 (41), 8999−9005. 

[26] Noguchi, A., Inohara-Ochiai, M., Ishibashi, N., 
Fukami, H., Nakayama, T., and Nakao, M., 2008, A 
novel glucosylation enzyme: Molecular cloning, 
expression, and characterization of Trichoderma 
viride JCM22452 α-amylase and enzymatic 
synthesis of some flavonoid monoglucosides and 
oligoglucosides, Agric. Food Chem., 56 (24), 
12016−12024. 

[27] Nisar, S., Hanif, M.A., Zahid, M., and Ghaffar, A., 
2022, Enzymatic glycosylation of menthol: 
Optimization of synthesis and extraction processes 
using response surface methodology and biological 
evaluation of synthesized product, Chem. Pap., 76 
(5), 2649−2675. 

[28] Batiha, G.E., Beshbishy, A.M., Ikram, M., Mulla, Z.S., 
Abd El-Hack, M.E., Taha, A.E., Algammal, A.M., 
and Elewa, Y.H.A., 2020, The pharmacological 
activity, biochemical properties, and 
pharmacokinetics of the major natural polyphenolic 
flavonoid: Quercetin, Foods, 9 (3), 374. 

Acc
ep

te
d



Indones. J. Chem., xxxx, xx (x), xx - xx    

 

Shafaq Nisar et al. 
 

16 

[29] Ahmad, N., Fazal, H., Ahmad, I., and Abbasi, B.H., 
2012, Free radical scavenging (DPPH) potential in 
nine Mentha species, Toxicol. Ind. Health, 28 (1), 83–
89. 

[30] Wu, Z., Tan, B., Liu, Y., Dunn, J., Martorell Guerola, 
P., Tortajada, M., Cao, Z., and Ji, P., 2019, Chemical 
composition and antioxidant properties of essential 
oils from peppermint, native spearmint and scotch 
spearmint, Molecules, 24 (15), 2825. 

[31] Cava-Roda, R., Taboada-Rodríguez, A., López-
Gómez, A., Martínez-Hernández, G.B., and Marín-
Iniesta, F., 2021, Synergistic antimicrobial activities 
of combinations of vanillin and essential oils of 
cinnamon bark, cinnamon leaves, and cloves, Foods, 
10 (6), 1406. 

[32] Tagousop, C.N., Tamokou, J.D., Ekom, S.E., 
Ngnokam, D., and Voutquenne-Nazabadioko, L., 
2018, Antimicrobial activities of flavonoid glycosides 
from Graptophyllum grandulosum and their 
mechanism of antibacterial action, BMC  
 

Complementary Altern. Med., 18 (1), 252. 
[33] Abd El-Bar, M., and Fawki, S., 2021, Fumigant 

activity and chemical composition of three essential 
oils used in gelatin capsules for the control of 
Acanthoscelides obtectus (Say) (Coleoptera: 
Chrysomelidae) in Egypt, Afr. Entomol., 29 (2), 
534−546. 

[34] Hanif, M.A., Nisar, S., Khan, G.S., Mushtaq, Z., and 
Zubair, M., 2019, “Essential Oils” in Essential Oil 
Research, Ed. Malik, S., Springer International 
Publishing, Cham, Switzerland, 3−17. 

[35] Tong, F., 2010, Investigation of mechanisms of 
action of monoterpenoid insecticides on insect 
gamma-aminobutyric acid receptors and nicotinic 
acetylcholine receptors, Dissertation, Iowa State 
University, USA. 

[36] Samarasekera, R., Weerasinghe, I.S., and Hemalal, 
K.D.P., 2008, Insecticidal activity of menthol 
derivatives against mosquitoes, Pest Manage. Sci., 
64 (3), 290−295. 

 
 

Acc
ep

te
d


