
The Annals of the University Dunarea de Jos of Galati 

Fascicle VI – Food Technology (2023), 47(1), 95-109 

 

  

https://doi.org/10.35219/foodtechnology.2023.1.06 

ORIGINAL RESEARCH PAPER 

 

 

IN VITRO ANTIOXIDANT AND ANTIDIABETIC ACTIVITY OF MACE 
FROM MYRISTICA FRAGRANS HOUTT 

 

HASBULLAH1, 2, DIDAH NUR FARIDAH1, 3, DIAS INDRASTI1, 3, FITRIYA NUR ANNISA 
DEWI4, 5, NURI ANDARWULAN1, 3* 

 
1Department of Food Science and Technology, IPB University, Bogor, Indonesia. 

2Faculty of Agriculture, Khairun University, Ternate, Indonesia. 
3South-East Asia Food and Agricultural Science and Technology (SEAFAST) Center, IPB University, Bogor, 

Indonesia. 
4School of Veterinary Medicine and Biomedical Science, IPB University, Bogor, Indonesia. 

5Primate Research Center, IPB University, Bogor, Indonesia. 
*Corresponding author: andarwulan@apps.ipb.ac.id 

 
 

Received on 31 January 2023 
Revised on 8 May 2023 

 

Abstract 

This research investigated the antioxidant and antidiabetic properties of mace from 
nutmeg (Myristica fragrans Houtt) using in vitro experiments. The nutmeg 
samples, including distilled water extract (EA), methanol extract (EM), methanol 
fraction (FM), hexane fraction (FH), and chloroform fraction (FC), were analysed 
for yield, total phenolic content, antioxidant activity (using 1,1-diphenyl-2-picryl-
hydrazyl radical scavenging activity-DPPH RSA and ferric reducing antioxidant 
power-FRAP), and α-amylase inhibitory activity. The highest yield was found in 
EM (25.39±0.62% db), while the highest phenolic content was achieved in FC 
(127.18±3.64 mg GAE/g dry fraction). In terms of antioxidant, the highest activity 
by DPPH assay was found in FM phenolic (IC50=2.56±0.02 mg/L) and FC 
phenolic (IC50=2.79±0.05 mg/L), while EA phenolic demonstrated the highest 
activity using FRAP assay (9.16±0.86 g TE/100 g phenolic). The EA phenolic 
also showed the greatest inhibition against α-amylase (IC50=360.18±6.83 mg/L). 
A positive correlation was found between the ability to reduce the ferric ion of 
mace samples and its α-amylase inhibitory activity. The results suggest that 
phenolic from nutmeg mace extract/fraction of obviously exerted antioxidant 
activity (4.9 times higher than ascorbic acid) and antidiabetic activity (4.2 times 
higher than acarbose). For this reason, the mace of nutmeg (Myristica fragrans 
Houtt) can be a considerable source of natural antioxidants and antidiabetic. 
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Introduction  

Diabetes mellitus (DM) has a high prevalence over the globe, estimated to increase 
from 14.6% to 16.9% by 2030. The incidence is predicted to double in 2034 
(Alshammari et al., 2020). The excessive carbohydrate intake is believed to be a 
major cause of hyperglycaemia which is closely associated to DM. Postprandial 
hyperglycaemia represents a condition in which the level of blood glucose remains 
high after a meal (Poovitha and Parani, 2016). Such conditions can be reduced by 
inhibiting the carbohydrate digestion in digestive tracts. To achieve this goal, the 
use of inhibitors for carbohydrate hydrolysis enzymes (α-amylase and α-
glucosidase) could be an effective option. Phytochemical compounds can be an 
alternative when synthetic inhibitors and antidiabetic agents have unwanted side 
effects (Ali et al., 2006; Tran et al., 2020). The oxidative stress, a state showing the 
imbalance between pro-oxidants and antioxidants, can be a supreme mechanism for 
the development of DM and its complication. Therefore, by consuming an 
antioxidant-rich diet, the further stage of DM could be retarded. In general, plants 
contain bioactive compounds, especially phenolics that act as antioxidant agents 
(Shan et al., 2005). Nutmeg (M. fragrans Houtt) comprises phytochemicals that 
possess pharmacological effects, including antioxidant and antidiabetic (Ha et al., 
2020; Tran et al., 2020). 

Nutmeg is considered an indigenous plant of Indonesia, particularly Maluku 
Islands, and it has a high diversity. The plant has been cultivated in many parts of 
the world such as India, Malaysia, Sri Lanka, and Caribbean Islands, primarily 
Grenada and Trinidad (Rema and Krishnamoorthy, 2012; Zhang et al., 2015; 
Santoso et al., 2018). Apart from being a spice and flavor enhancer in food, nutmeg 
has also been used in traditional medicinal practices (Rema and Krishnamoorthy, 
2012). 

Mace, a part of the nutmeg fruit which has a high economic value besides the seeds 
and is important in the food, cosmetic and pharmaceutical industries. Mace is an 
outer cover of nutmeg seed, and it is red in ripe fruit. Traditionally, mace has been 
utilized as a folk medicine for various diseases such as urinary incontinence, 
coronary disease, central neurological disease, sexual and womb disorder, and 
intestinal disease (Sultana et al., 2018). The biological activity of mace includes 
antioxidant, anti-inflammatory, anticancer, anti-cariogenic, hepatoprotective, and 
osteoblast proliferation stimulation (Nagja et al., 2016; Mendhekar et al., 2017). 
Phenolic compounds, primarily phenylpropanoid, lignan, and neolignane, are major 
chemical constituents in mace and they show bioactivities (Zhang et al., 2015). 
Besides, other phytochemicals are present in mace, including tannin, alkaloid, 
saponin, flavonoid, steroid/terpenoid, and quinone (Ismiyarto et al., 2009; 
Arrizqiyani et al., 2017). Lignans and other phytochemicals can act as antioxidants 
and antidiabetics especially by controlling the blood glucose levels (Pan et al., 
2007; Han et al., 2008; Xu et al., 2008; Katare et al., 2012; Meutia, 2013; Malik, 
2016; Topal, 2018; Lee et al., 2019; Worawalai and Phuwapraisirisan, 2019; 
Afandi, 2020; Barre and Mizier-Barre, 2020; Zhao et al., 2020; Afandi et al., 2021; 
Draganescu et al., 2021). 
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Our systematic review of the effects of nutmeg on the glycaemic status of mice and 
rats found that the test samples prepared from mace and methanol had the best 
ability to reduce blood glucose (Hasbullah et al., 2023). However, studies 
exploring mace's antidiabetic effects are still limited. Therefore, the antidiabetic 
properties of various fractions of mace-methanol extract are interesting for further 
study. In addition, the antidiabetic activity of mace water extract also needs to be 
investigated to identify opportunities for the safer application of mace extract into 
food products. 

This research aimed to investigate the in vitro antioxidant and antidiabetic 
activities of mace from M. fragrans Houtt. The yield, total phenolic content, DPPH 
RSA, FRAP, and α-amylase inhibitory activity of each mace extract and fraction 
were evaluated. The correlation between each bioactivity was also determined. 

 

Materials and methods 

Plant sample preparation 

Dried mace was collected from the village of Dorpedu in Ternate City, Province of 
North Maluku, Indonesia. The species of the plant was identified by Herbarium 
Bogoriense, Research Center for Botany–Indonesian Institute of Sciences. 

The dried mace was pulverized by blender and sieved with a 30-mesh. The powder 
was immediately packaged in a plastic container (with silica gel) and stored in a 
freezer. 

Determination of moisture content 

The moisture content of mace was carried out by a gravimetric method. Aluminium 
dish was dried in oven at 105°C for 3 h, cooled in a desiccator, and weighed (W2). 
The mace powder was placed on the dish and weighed (W). The sample was oven-
dried at 105°C until it reached constant weight (W1). The moisture content was 
calculated as follows: 

 

% Moisture content (db) = [
(� ���)� (�� � ��)

(�� � ��)
]  ×  100   (1) 

 

Extraction and fractionation 

The extraction was adopted after the method of Aminudin et al. (2020) with a 
slight modification. The mace powder (25 g) was extracted with 250 mL of 
methanol (Merck, Germany) or distilled water (a ratio of 1:10) and sonicated for 30 
min at 30°C. The extract was filtered through V60 filter paper immediately after 
maceration and sonication. The filtrate was collected and the residue was extracted 
similarly to the former protocol (2 times extraction). The filtrate was re-filtered by 
using Whatman No.1 and concentraasted by a Rotavapor® R-300 rotary evaporator 
(Buchi, Switzerland).  
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Fractionation was performed using liquid-liquid fractionation using two solvents 
with different polarities in a funnel. Methanol filtrate (after filtration by Whatman 
No.1) was fractionated respectively with n-hexane (Merck, Germany) and 
chloroform (Merck, Germany) (a ratio of 1:1). Each fraction was concentrated with 
a rotary evaporator. 

The dry extract and fraction were obtained by removing the solvent residue through 
nitrogen flushing (for EM, FH, and FC). Meanwhile, EA and FM samples were 
dried with a freeze dryer (Labconco, Missouri, USA). The yield of each extract and 
fraction was determined by the following equation: 

 

Yield (%) = 
weight of dry extract or fraction 

weight of dried mace
    (2) 

 

Total phenolic content determination 

The total phenolic content of the mace extracts and fractions was determined by 
Folin-Ciocalteau method (KC et al., 2020) with a slight modification. In brief, 0.25 
mL of the samples’ solution, 1.25 mL of Folin-Ciocalteu 10%, and 1.25 mL of 
Na2CO3 7.5% were mixed thoroughly and incubated at room temperature for 60 
min under dark conditions. The absorbance was measured with a Shimadzu UV-
Vis 2450 spectrophotometer (Tokyo, Japan) at the wavelength of 765 nm. The 
result was plotted on a standard curve of gallic acid, and the phenolic content was 
expressed as mg of gallic acid equivalent per g of dry extract or fraction (mg 
GAE/g dry sample). 

The sample solution of each extract and fraction were prepared in methanol at a 
concentration of 1000 mg/L. A blank solution was prepared similarly, but the 
sample solution was replaced with 0.25 mL of methanol. Analysis was made in 
triplicates. The standard curve for gallic acid was prepared in a series of 
concentrations (20–100 mg/L), The concentration level of gallic acid solution and 
its absorbance value were plotted onto a graph, respectively as the x-axis and y-
axis to obtain the standard curve and its linear equation. 

In vitro antioxidant activity 

DPPH assay is a common method for determining the antioxidant activity 
(Simamora et al., 2018), and it is strongly correlated to the FRAP method 
(Maesaroh et al., 2018). Both of these in vitro test methods describe the antioxidant 
activity of a sample through different mechanisms of action and they were used to 
provide information about the mechanism of antioxidant action of mace extract and 
fraction samples. 

DPPH Assay 

The procedure for the DPPH RSA assay was assessed in accordance to the method 
of Febrinda et al. (2013) with some modifications. Each mace extract and fraction 
were prepared in methanol at various concentrations (5–1000 mg/L). The DPPH, 
0.1 mM in methanol (1 mL), was mixed with each solution of extract or fraction (2 
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mL). The mixture was homogenized using a vortex and incubated at room 
temperature under dark conditions for 30 min. The absorbance (Abs) was measured 
at the wavelength of 516.2 nm by a Shimadzu UV-Vis 2450 spectrophotometer 
(Tokyo, Japan) (the maximum wavelength for DPPH 0.1 nM).  

The blank solution consisted of 1 mL DPPH solution and 2 mL of methanol. 
Ascorbic acid was used as a comparison. The experiment was performed in 
triplicates. The percentage of inhibition was determined as follows:  

 

% Inhibition = [1 −
��� ������ 

��� �����
]  ×  100    (3) 

 

The antioxidant effect assessed by DPPH RSA was expressed as IC50, the 
concentration of sample required to scavenge 50% of DPPH radicals (Shekhar and 
Anju, 2014). The value of IC50 was based on the phenolic content of each sample. 

Ferric Reducing Antioxidant Power 

FRAP assay followed a method prescribed by Fernandes et al. (2016) with slight 
modification. Antioxidant was able to reduce Fe3+ ions and turn them into Fe2+ 
ions, resulting a blue complex with a presence of 2,4,6-tripyridyl-s-triazine 
(Fe2+/TPTZ). This led to the rise of absorbance at 595 nm. Briefly, FRAP reagent 
(1800 μL), distilled water (180 μL), and sample (20 μL) were added to each well, 
mixed, and incubated at 37C. The absorbance was measured at 595 nm, following 
30 min of incubation. 

FRAP reagent was prepared by mixing buffer acetate (300 mM, pH 3.6), TPTZ 10 
mM in HCl 40 mM, and FeCl3 20 mM at a ratio of 10:1:1 (v/v/v). Each extract or 
fraction was prepared in ethanol at a concentration of 50 mg/L. Various levels of 
Trolox were made to obtain the standard curve. The result was expressed as gram 
Trolox equivalent per 100 g phenolics of sample (g TE/100 g phenolic). The 
analysis was made at triplicate. 

In vitro antidiabetic activity  

The inhibition of α-amylase was quantified by using starch-iodine assay (Cheng et 
al., 2015) with modification. The mace extract or fraction (25 μL) was mixed with 
0.5 mL of starch solution 0.125% in a reaction tube and incubated at 37C for 5 
min. Subsequently, 25 μL of enzyme solution (0.5 mg/mL) was added and 
incubated at 37C for 7.5 min. HCl 1 N (0.45 mL) was added to terminate the 
reaction, then added with iodine 0.01 N (0.5 mL) and distilled water (5 mL). 
Absorbance was measured using a Shimadzu UV-Vis 2450 spectrophotometer 
(Tokyo, Japan) at the wavelength of 660 nm. Acarbose was used as a control. 
Inhibition was determined as follows:  

 

% Inhibition = (1 −
��� ����� � ��� ������

��� ����� � ��� ������
) × 100    (4) 
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The inhibitory activity was presented as IC50, which was estimated through a 
regression equation obtained from the standard curve by plotting the concentration 
of the sample (x-axis) and the percentage of inhibition (y-axis) onto a graph. The 
IC50 value means the amount of sample required to inhibit 50% of amylase activity. 
All IC50 values were based on the total phenolic content of each extract or fraction. 

Statistical analysis 

All data (performed in triplicate) were analysed statistically on SPSS version 26 
and expressed as mean ± SD. The analysis was performed by one-way ANOVA, 
followed by the Duncan test (p<0.05). Pearson’s correlation coefficient was used to 
determine the correlation between IC50 DPPH RSA, FRAP, and IC50 inhibition of 
α-amylase. Interpretation of the correlation coefficient followed the method used 
by Schober and Schwarte (2018). 

 

Results and discussion 

Yield and total phenolic content 

The yield and total phenolic content of the extract and fraction were presented in 
Table 1. The yield of EM (25.39±0.62% db) was higher than that of EA 
(6.31±0.91% db). Meanwhile, the yield of FC (14.93±1.55% db) was higher 
compared to FM (4.31±0.05% db) and FH (4.16±0.48% db). The difference in the 
solvents used for the extraction and fractionation was responsible for different 
levels of yield (p<0.05). The yield followed this order: EM>FC>EA>FM>FH.  

 

Table 1. Yield and total phenolic content of extracts and fractions of mace from M. 
fragrans Houtt. 

Sample 
Yield   

(% db) 
Total Phenolic Content  
(mg GAE/g dry sample) 

EA 6.31±0.91 b 24.532.86 a 
EM 25.39±0.62 d 108.51±9.84 d 
FM 4.31±0.05 a 79.85±5.20 c 
FH 4.16±0.48 a 44.75±3.40 b 
FC 14.93±1.55 c 127.18±3.64 e 

The different letter shows the result are significantly different (p<0.05). Legend: chloroform fraction 
(FC); distilled water extract (EA); dry basis (db); gallic acid equivalents (GAE); methanol extract 
(EM); methanol fraction (FM); n-hexane fraction (FH). 

 

The yield of mace extract and fraction obtained in this study (4.16–25.39%) was 
still higher than that obtained from other studies. The yield of mace ethanol extract 
obtained by the solid liquid microwave assisted extraction method ranges from 
3.63%–6.13% (Wijayanti et al., 2018). The yield of macerated mace extract using 
95°C water was 10.42% (Santoso et al., 2018). The yields of mace methanol 
extract and mace ethyl acetate extract obtained by maceration were 0.048% (w/w) 
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and 0.218 % (w/w), respectively (Simamora et al., 2018). The yield of mace 
methanol extract obtained from 3 times maceration with methanol during 20 hours 
was 30.92% ± 1.09 (Assa et al., 2014). The yield of mace aqueous methanol (80%, 
v/v) was 17.4±1.5% (Sulaiman and Ooi, 2012). 

The total phenolic content in each of mace extracts and fractions differed 
significantly (p<0.05), ranging from 24.53±2.86–127.18±3.64 mg GAE/g dry 
samples. In this case, the EM showed the highest content of phenolic (108.51±9.84 
mg GAE/g dry extract), significantly different in comparison to EA (24.53±2.86 
mg GAE/g dry extract) (p<0.05). The polarity of each solvent affects the yield of 
the extract as well as the amount and type of phenolic compounds it contains. 
Compared to distilled water, the use of methanol and ethanol was reported more 
effective in collecting phenolic compounds from plants (Cai et al., 2004; 
Soehendro et al., 2015; Simamora et al., 2018; Dechayont et al., 2019). 

Knowing the total phenolic content of samples extracted with various solvents with 
different polarities may be useful for predicting the dominant group of phenolic 
compounds in the sample. Hasim et al. (2017) reported that dragon fruit 
(Hylocereus undatus) vine contained a considerable amount of semi-polar 
phenolics since the total phenolic content in the samples extracted by acetone was 
higher than those extracted by methanol and ethyl acetate. Based on the 
fractionation result of EM, FC was attributed to the highest total phenolic 
(127.18±3.64 mg GAE/g dry fraction), being significantly higher (p<0,05) than FM 
and FH, reaching 1.59 and 2.84 times. Based on this finding, mace is richer in 
semi-polar phenolic compounds. Overall, the total phenolic in both extract and 
fraction of mace differed, following this order: FC>EM>FM>FH>EA. 

The total phenolic content of the mace extract and fraction obtained in this study 
ranged from 24.53–127.18 mg GAE/g dry sample. In another study, the total 
phenolic content of mace extract (mg GAE/g dry sample) were 0.37–0.52 
(Wijayanti et al., 2018), 0.48 (Santoso et al., 2018), 11.56–13.43 (Simamora et al., 
2018), 37.39 (Tan et al., 2013) and 48.2 (Sulaiman and Ooi, 2012). 

In vitro antioxidant activities 

DPPH radical scavenging activity 

DPPH assay is a simple, rapid, and affordable method, and applied in many uses, 
aiming to evaluate antioxidant activity of plant extracts (Banothu et al., 2017; 
Sahreen et al., 2017). The transfer of hydrogen from antioxidant to DPPH is a very 
slow process, and considered a marginal reaction pathway, while the transfer of 
electron from deprotonated antioxidant to DPPH occurs at a more rapid action 
which substantially dictates the reaction rate. Therefore, the chemical reaction 
underlying DPPH assay is based on electron transfer, although it also involves the 
hydrogen transfer (Banothu et al., 2017). 

DPPH RSA is expressed as IC50, indicating that lower IC50 means more antioxidant 
effect. Figure 1A shows DPPH RSA of the phenolics from mace extracts and 
fractions. The phenolic from methanol fraction (P-FM) exhibited the highest DPPH 
RSA (IC50=2.56±0.02 mg/L), followed by phenolic from chloroform fraction (P-
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FC), methanol extract (P-EM), distilled water extract (P-EA), and n-hexane 
fraction (P-FH), resulting in IC50 of 2.79±0.05 mg/L, 3.67±0.05 mg/L, 10.74±0.35 
mg/L, and 16.14±0.40 mg/L, respectively. Statistically, the DPPH RSA between P-
FM and P-FC did not differ significantly, but both samples were higher than P-EM, 
P-EA, and P-FH (p<0.05). All extracts and fractions (except for P-FH) showed 
higher levels of DPPH RSA compared to the ascorbic acid (IC50=12.55±0.07 mg/L) 
(p<0.05). 

The IC50 of DPPH RSA of phenolic from mace extract and fraction in this study 
ranged from 2.56–16.14 mg/L. Other studies also determined the IC50 of DPPH 
RSA of mace extracts at 1510 mg/L (Santoso et al., 2018), 201.97 mg/L (Assa et 
al., 2014), and 363.1 mg/L (Sulaiman and Ooi, 2012). 

 

A)  

B)  

Figure 1. DPPH radical scavenging activity (A) and ferric reducing antioxidant power (B) 
of phenolic from mace extract and fraction. The different letter shows the result are 
significantly different (p<0.05). Legend: phenolic of distilled water extract (P-EA); 
phenolic of methanol extract (P-EM); phenolic of chloroform fraction (P-FC); phenolic of 
methanol fraction (P-FM); phenolic of n-hexane fraction (P-FH). 
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Some studies have reported a positive correlation between phenolic compounds 
and antioxidant effect (Shan et al., 2005; Zhou et al., 2009; Yao et al., 2010; Assa 
et al., 2014; Fernandes et al., 2016; Sahreen et al., 2017; Bhardwaj et al., 2019). 
Such correlation depends highly on the amount of samples tested, the range of total 
phenolic content and antioxidant activity, and the test methods used (Cai et al., 
2004). The discrepancy in free radical scavenging activity is caused by the 
stoichiometry of reactions between antioxidant compounds within extract and 
various radicals. Besides, the diversity might be influenced by other factors 
including the stereo selectivity of radicals or differential solubility, which in some 
cases, it occurs in a crude extract containing a myriad of antioxidant constituents. 

Ferric Reducing Antioxidant Power 

Like the DPPH procedure, FRAP assay is considered as an easy, inexpensive, and 
quick protocol, but it is often applied to measure antioxidant effect for a simple 
electron-donating compound (Benzie and Strain, 1996). Figure 1B exhibits the 
results of FRAP test of extract and fraction of mace. In this work, P-EA showed the 
highest, and the value of FRAP followed the order: P-EA>P-FH>P-FM>P-EM>P-
FC, reaching 9.16±0.86, 4.62±0.73, 2.72±0.44, 2.10±0.22, and 1.71±0.10 g TE/100 
g phenolic (p<0.05). 

Acidic condition in the FRAP test can attenuate the reduction ability of the 
antioxidant compound due to acid protonation. Therefore, the ionized form of 
compounds could affect their antioxidant effect (Maesaroh et al., 2018). Although 
many studies reported a significant correlation between phenolic and antioxidant, 
the antioxidant effect of each phenolic compound relied markedly on the oxidation-
reduction reaction and its chemical structure (number and position of hydroxyl 
groups) (Gupta and Rajpurohit, 2011). Some research studies also reported a 
significant positive correlation between total phenolics and FRAP ( Zhou et al., 
2009; Banothu et al., 2017; Bhardwaj et al., 2019). 

In vitro α-amylase inhibitory activity  

DM can be caused by dysfunction of pancreatic cells and/or insulin resistance with 
impaired glucose tolerance (Danaei et al., 2011). Impaired glucose tolerance may 
be associated with regularly high postprandial glucose spikes in the blood (Livesey 
et al., 2008; Manzano and Williamson, 2010). The main source of postprandial 
glucose is from hydrolysis of starch, which involves two enzymes: -amylase and 
-glucosidase. Starch is hydrolysed by -amylase in saliva and pancreas, resulting 
in maltose and oligosaccharide by cleaving α-1,4 glycosidic bonds (Hanhineva et 
al., 2010; Williamson, 2013). Meanwhile, α-glucosidase in membrane surface of 
brush-border of intestinal cells hydrolyses oligosaccharides to produce glucose 
which is then transferred into blood by transporter sodium-dependent glucose 
transporter type 1 (SGLT1) and glucose transporter type 2 (GLUT2) (Scheepers et 
al., 2004). DM is also associated with the consumption of high glycaemic index 
foods. Afandi (2020) found that the upmost determinant factor for the decline of 
glycaemic index was the inhibition of -amylase, reducing glycaemic index at 4.5-
fold more effective than the inhibition of -glucosidase.  
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The -amylase inhibition by the mace extract and fraction was measured by starch-
iodine method (Cheng et al., 2015), and presented as IC50. The lower value of IC50 
indicates the higher inhibitory effect against -amylase. P-EA had the highest 
inhibition of α-amylase (IC50=360.18±6.83 mg/L), then followed by P-FM (IC50 

=435.69±4.46 mg/L), P-EM (IC50 =603.12±29.20 mg/L), P-FH (IC50 

=1021.98±6.12 mg/L) and P-FC (IC50=1575.84±40.21 mg/L), as exhibited in 
Figure 2. The phenolics from the extract and fraction of e (except for P-FC) 
showed the higher inhibition against -amylase, reaching up to 1.47-4.18-fold 
higher than acarbose (IC50=1504.89±13.32 mg/L), and this differed significantly 
(p<0.05). 
 

 
Figure 2. α-amylase inhibitory activity of phenolic from mace extract and fraction. The 
different letter shows the result are significantly different (p<0.05). Legend: phenolic of 
distilled water extract (P-EA); phenolic of methanol extract (P-EM); phenolic of 
chloroform fraction (P-FC); phenolic of methanol fraction (P-FM); phenolic of n-hexane 
fraction (P-FH). 

 

Phenolic compounds were reported as being able to delay the action of -amylase 
and -glucosidase (Afandi et al., 2021). The activity of -amylase inhibition by a 
particular extract was determined by not only total phenolic, but also types of 
phenolic compounds (Oboh et al., 2014). However, in case of crude 
extract/fraction, the presence of other chemical constituents might also contribute 
to -amylase inhibitory activity. 

Correlation between antioxidant and -amylase inhibitory activity of mace 

The scavenging activity of radicals by phenolic of mace extract/fractions showed 
no positive correlation with the ferric ions reducing. This can be common as 
different antioxidant test methods can give different results for similar antioxidant 
compounds (Maesaroh et al., 2018). Additionally, the dissimilarity in bioactivity 
can be altered by the difference in types and amount of the compounds. Hence, 
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regarding the current case of the crude extract/fraction, antioxidant properties 
might result from other chemical components such as vitamin, carotenoid, 
terpenoid, and alkaloid (Gupta and Rajpurohit, 2011). On the other hand, the value 
of IC50 for -amylase inhibition by mace extract and fraction weakly correlated 
with the IC50 value of DPPH RSA, thus it could be neglectable. Meanwhile, FRAP 
value negatively correlated with IC50 value of -amylase inhibition, reaching at 
moderate (R=-0.491), as depicted in Figure 3. In other words, the ability of the 
samples to reduce ferric ions is positively correlated with its ability to inhibit the 
activity of -amylase in hydrolysing starch. This finding provides a plausible 
reason that compounds contributing to the -amylase inhibition are similar to those 
reducing ferric ions, but dissimilar to those scavenging DPPH radicals. To clarify 
this, further works should be considered. 

 

 
 
Figure 3. The correlation between FRAP and IC50 α-amylase inhibitory activity of phenolic 
from mace extract/fraction. Significant correlation at the level of 0.05 (2-tailed). 

 

Conclusions 

The highest yield was achieved at extraction by methanol. FC sample showed the 
greatest content of total phenol; thus, it could be estimated that phenolic 
compounds in nutmeg mace were mostly semi-polar components. DPPH RSA 
values for phenolic mace extract and fraction (except for P-FH) exceeded ascorbic 
acid (1.17–4.9 times higher), where the highest activity was possessed by P-FM 
and P-FC. In terms of FRAP assay, the values ranged from 1.71±0.10–9.16±0.86 g 
TE/100 g phenolic, and P-EA showed the highest FRAP value. The -amylase 
inhibitory activity of mace extracts and fractions (except for P-FH) was higher than 
acarbose (1.47–4.18 times higher), and P-EA demonstrated the highest. A positive 
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correlation was found between the reduction of ferric ions and -amylase 
inhibition at a moderate level. In general, our experiment concluded that phenolic 
content in mace could exert antioxidant and antidiabetic effects via in vitro, 
reaching 4.9 times higher than ascorbic acid and 4.2 times higher than acarbose, 
respectively. Therefore, the use of mace as a source of natural antioxidants and 
antidiabetics is quite promising. 
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