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1 Introduction
Glycemic status means the level of an individual blood glucose 

which is described by the term hypoglycemia and hyperglycemia. 
Both terms show abnormality, thus causing health problems. 
Chronic hyperglycemia accounts for some organ and system 
dysfunctions such as kidney, nerves, cardiovascular, retina, feet 
and legs (Amin et al., 2016). To describe glycemic status, some 
biochemical parameters are used, namely fasting blood glucose 
(FBG), non-fasting blood glucose (non-FBG), glycated hemoglobin 
(HbA1c), and oral glucose tolerance (OGT), as many reported 
by former researchers (Malandrucco et al., 2020; Phillips, 2012a, 
2012b; Williamson & Sheedy, 2020; Yu et al., 2012).

In order to improve glycemic status particularly hyperglycemia 
associated with diabetes mellitus (DM), medication using modern 
drugs and traditional medicine is used. Several studies have reported 
the effect of medicinal plants/herbs on glycemic status related to DM. 
Among these plant sources, nutmeg (Myristica) was traditionally 
approved for treating various diseases such as DM (Simanjuntak, 
2018). Ha et al. (2020) mentioned approximately 250 compounds 
in nutmeg Myristica fragrans Houtt, including lignan, neolignan, 
diphenylalkane, phenylpropanoid, terpenoid, steroid, triterpenoid, 
saponin, flavonoid, and other chemical substances. Some are 
reported to exert antidiabetic and anti-obesity effects through 
various mechanisms, i.e., tetrahydrofuran lignans (nectandrin B, 

and nectandrin A, tetrahydrofuroguaiacin B), allowing to strongly 
stimulate adenosine monophosphate-activated protein kinase (AMPK) 
on differentiated C2C12 cells (Nguyen et al., 2010). In addition, 
macelignan enables to down-regulate the expression of inflammation-
related genes in liver, enhance AMPK activation in skeletal muscle, 
raise insulin sensitivity, improve the lipid metabolic disorders through 
by activating peroxisome proliferator–activated receptor (PPAR) 
α/γ, and reduce endoplasmic reticulum stress (Han et al., 2008). 
Meanwhile, 3-(3-methyl-5-pentyl-2-furanyl)-2(E)-propenoic acid 
inhibited α-glucosidase better than acarbose (Sathya et al., 2020). 
Meso-dihydroguaiaretic acid and otobaphenol could inhibit protein 
tyrosine phosphatase 1B (PTP1B) as drug target for type 2 DM 
and obesity through non-competitive mechanism (Ha et al., 2018; 
Yang et al., 2006). In addition, meso-dihydroguaiaretic acid rose 
the signaling of intracellular insulin, presumably via inhibition of 
PTP1B activity (Yang et al., 2006). The scientific evidence on the 
issue is abundant, but there is no a comprehensive and systematic 
study summarizing the results of in vivo studies. This present work 
aimed to provide the summary of in vivo research discussing the 
effects of nutmeg samples on glycemic status in rats and mice. The 
output is essential for developing functional ingredients that can 
be applied to food products to provide various benefits, including 
helping to relieve DM through various mechanisms (Lin et al., 2022).
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2 Material and methods
2.1 Search strategy

This systematic review followed a guidance of PRISMA 
(Preferred Reporting Items for Systematic reviews and Meta-
Analyses) (Page  et  al., 2021). Literatures were searched on 
databases namely PubMed, ProQuest, Wiley Online Library and 
Google Schoolar, regardless publication year until 21 July 2021. 
The search was based on keywords corresponding to PICO as 
follows: (rat OR mice) AND (nutmeg OR “nutmeg seed” OR 
“nutmeg mace” OR myristica) AND (“blood glucose” OR 
“blood sugar” OR HbA1c OR “glycated hemoglobin” OR 
hyperglyc* OR hypoglyc* OR OGT OR OGTT OR “glucose 
tolerance” OR “fasting blood glucose”).

The collected articles were then screened. After removing 
duplicates, we performed a manual review of titles and abstracts, 
ensuring they complied with research subject (nutmeg and 
glycemic parameters). Subsequently, the full text version of 
these relevant records was collected. We excluded articles 
for any irrelevancy and the article type (e.g. narrative review, 
book chapter, dissertation, thesis, non-English content, poster, 
proceeding, supplement, executive summary, forum, symposium, 
bibliography, abstract, scientific report, news, report, and index).

Full text articles discussing the use of one or more parts of 
nutmeg plant and measuring one of more glycemic parameters 
in rats or mice were included for systematic review. The review 
resulted in the selected studies on glycemic status parameters 
(FBG, non-FBG, HbA1c, and OGT) using rats or mice treated 
by nutmeg compared with negative control (without nutmeg 
treatment), positive control (treated by standard drugs), normal 
control, and initial condition. The study was eligible when it 
discussed the effects of nutmeg on glycemic parameters using 
rats or mice.

2.2 Data extraction

The eligible full text articles were extracted to collect 
information: authors, year, nutmeg samples (species, parts of plant, 
form of sample, dose, intervention period), experimental animals 
used (rat or mice, sex, strain, age or weight as baseline, model, 
induction method, number of animals, diet), blood sample types, 
glycemic parameters and their value (Supplementary Material).

2.3 Determination of the nutmeg effects on glycemic 
parameter changes in rat and mice

To ascertain the effects of nutmeg on glycemic status, the 
difference of FBG, non-FBG, HbA1c, and area under curve 
(AUC) in OGT test between treated rats/mice and control 
groups (negative control, positive control, normal control, and 
initial condition) was determined, expressed as percentage 
(% differences). The negative percentage indicated that the 
values for these parameters in the treated animals were lower 
than those in the control groups, and vice versa for positive 
percentage. Percentage of difference was calculated as follows 
(Equation 1):

( )%    /   –  1   100Differences LT LC x = 
 (1)

LT is the level of FBG/non-FBG/HbA1c/AUC in treated animals, 
and LC is the level of FBG/non-FBG/HbA1c/AUC in control 
groups.

The effect of nutmeg plant parts and solvents for extraction to 
the reduction of FBG, non-FBG, and HbA1c was also assessed in 
percentage. The percentage of reduction represented the average 
% of reduction for FBG, non-FBG, and HbA1c compared with 
negative control.

3 Results and discussion
3.1 Study selection

The article search resulted in 2338 articles, and we removed 
979 articles for duplicates. Furthermore, 1152 articles were 
excluded due to title irrelevancy, and then 175 of the remaining 
records were removed after abstract selection. Based on full-text 
review, 11 articles were discarded, finally resulting in 21 articles 
that met the eligibility for this systematic review (Figure 1).

3.2 Study characteristics

This present work systematically reviewed 21 articles. Of these 
records, most nutmeg species used was Myristica fragrans Houtt 
(20 articles), while the remaining was Myristica malabarica 
(1 artiles) and Myristica cinnamomea King (1 articles). Nutmeg 
seed became the most used part (8 articles), while other parts were 
also discussed, including mace (2 articles), rhizome (1 articles), 
seed and mace (3 articles), and not specified (7 articles). 
These nutmeg samples were administered into rats or mice in 
the form of ethanolic extract (3 articles), methanolic extract 
(3 articles), petroleum ether extract (2 articles), hydro-alcoholic 
extract (1 article), diethyl ether extract (1 article), water extract 
(2 articles), isolate/lignan (3 articles), herbal formula (3 articles), 
spices mixture (2 articles), and safrole-free extract (1 article).

In terms of experimental animals, we found 14 articles 
using rats specified as following Sprague-Dawley (1 article), 
Wistar (11 articles), whereas 2 articles did not specify the stock 
or strain that were used and only identify them as rats. Eight 
articles were recorded to use male rats, five articles used male and 
female ones, and 1 article did not mention it. These rat models 
were induced at different procedures, hyperglycemia-diabetic 
induced by alloxan (2 articles), hyperglycemia induced by alloxan 
(1 article), type 2 DM induced by high fat diet (HFD) (1 article), 
type 2 DM induced by streptozotocin (2 articles), DM induced 
by alloxan (1 article), obese induced by HFD (1 article), induced 
by alloxan without mentioning the model (1 article), induced 
by streptozotocin without mentioning the model (1 article), 
induction and model not mentioned specifically (3 articles), and 
normal rats (3 articles). Meanwhile, seven studies used mice, 
including C57BL/6J (3 articles), Swiss albino (3 articles), and not 
specified strain (1 article). The use of male and female mice was 
reported in two articles, while 3 articles did not mention mice 
sex. These animal models were induced differently, including 
obese induced by HFD (1 article), DM induced by alloxan 
(1 article), hyperglycemia and hypertriglyceridemia induced 
by chlorpromazine (1 article), obese-DM without specifying 
induction method (1 article), nonalcoholic fatty liver disease 
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(NAFLD) (1 article), model not mentioned induced by HFD 
(1 article), and model not mentioned induced by alloxan (1 article).

Glycemic parameters measured were FBG (9 articles), non-
FBG (10 articles), HbA1c (3 articles), and OGT (6 articles).

3.3 Effect of nutmeg on glycemic status in rat and mice

Glycemic status is often evaluated by these parameters, 
namely FBG, non-FBG, HbA1c, and OGT. The high level of blood 
plasma glucose (>130 mg/dL) and HbA1c (>7%) indicated poor 
glycemic control (Lima et al., 2011). Pre-diabetic condition can be 
observed from FBG (110-125 mg/dL, known as impaired fasting 
glucose – IFG), 2-hour postprandial glucose (140-198 mg/dL, 
known as impaired glucose tolerance – IGT) and HbA1c (5.7 – 
6.4%) (Phillips, 2012b; American Diabetes Association, 2018; 
Paprott et al., 2018). Meanwhile, DM can be diagnosed when 
FBG and/or 2-hour postprandial glucose surpasses 126 mg/dL 
and 200 mg/dL, respectively, followed with diabetic symptoms 
(Phillips, 2012b).

HbA1c is a key marker for long-term diabetic complications 
in type 1 and 2 DM (Malandrucco et  al., 2020). HbA1c is a 
glycated hemoglobin, which serves an indicator for blood 
plasma glucose level for last 2-3 months. HbA1c test had a lower 
variability and environmental distractions for on-site glucose 
test, and became a gold standard of glycemic control (Phillips, 
2012a; Yu et al., 2012).

OGT test was also considered as a gold standard for 
diagnosing DM and impaired glucose regulation – IGR (Phillips, 
2012b; Yu et al., 2012). The measurement of vena plasma glucose 
prior and 2-hour post the 75 g oral glucose ingestion was used 
to interpret OGT test. This measurement was recommended 
when FBG test result was unclear (Phillips, 2012b).

In this work, we provided the levels of FBG, non-FBG, 
HbA1c, and OGT in nutmeg-treated rats, and mice, and 
compared them with negative control, positive control, normal 
control, and initial condition. The nutmeg intervention was 
stated to have a positive effect if the levels of FBG, non-FBG, 
HbA1c and AUC in the OGT measurement were lower than the 
control group and initial conditions, or the same as the positive 
control, normal control and initial conditions. Conversely, it 
was stated to have a negative effect when the levels of FBG, 
non-FBG, HbA1c and AUC of the OGT test were higher to 
that of negative control. The nutmeg intervention resulting 
in the parameter levels higher than positive control, normal 
control, initial condition, or similar to negative control was 
considered as no effect (notation 0). The summary of nutmeg 
intervention effects on the glycemic status parameters is 
presented in Table 1.

Most of the nutmeg samples recovered in this work were 
Myristica fragrans Houtt (20 of 21 articles), which were prepared 
using various plant parts and methods, including solvents for 
their extraction. Dose and duration used in the intervention 

Figure 1. PRISMA Flowchart of the literature search and strategy for the selection of relevant document. *Poster, conference proceding, supplement, 
executive summary, forum, symposium, bibliography, abstract, scientific report, news, report, index, book. 
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Table 1. Summary of the effects of nutmeg on glycemic status parameters (FBG, non-FBG, HbA1c, and OGT) in mice and rats.

References Nutmeg sample Dosage Duration Outcome 
(Compared with NC/PC/N/I) % Differences Effects*

(Pashapoor et al., 2020) Petroleum ether extract from 
seed of M. fragrans

50; 100; and 200 mg/kg bw 21 days FBG < NC -55.57 +
FBG > PC 19.19 0
FBG > N 130.13 0
FBG < I -48.28 +

(Zhao et al., 2020) Ethanolic 70% extract from 
seed of M. fragrans

250 mg/kg bw 4 weeks FBG < NC NS +
FBG > N NS 0
FBG < I NS +

HbA1c < NC NS +
HbA1c > N NS 0

OGT test: AUC < NC NS +
OGT test: AUC > N NS 0

(Kareem et al., 2009) Aqueous extract from kernel 
of M. fragrans

100 mg/kg bw 30 days FBG < NC -3.9 +
FBG > PC 23.2 0

100 mg/kg bw + isoproterenol 
85 mg/kg bw

30 days FBG < NC -8.8 +
FBG > PC NS 0

(Lestari et al., 2019) Safrole-free nutmeg dry 
extracts from seed of 

M. fragrans Houtt

5.4 mg/200 g bw 2; 4; and 6 days FBG < NC -40 +
FBG < PC NS +
FBG < I NS +

(Eo & Ie, 2020) Ethanolic extract from M. 
fragrans

273.86; 547.7; and 821.58 mg/
kg bw

7; 14; 21; 28; and 35 days FBG > PC 6.59 0
FBG < N -4.71 +
FBG < I -72.67 +

273.86 mg/kg bw + 5mg/kg 
bw glibenclamide

7; 14; 21; 28; and 35 days FBG < PC -0.34 +
FBG < N -20.49 +
FBG < I -65.17 +

(Lestari et al., 2012) Methanol extract from seed of 
M. fragrans

125; 250; and 500 mg/kg bw 6 days FBG < NC -94.52 +
FBG < PC -4.52 +

(Somani & Singhai, 2008) Petroleum ether extract from 
seed of M. fragrans

200 mg/kg bw 2 weeks FBG < NC NS +
FBG > PC 40.25 0
FBG < I -12.3 +

50; 100; and 200 mg/kg bw Administered once at the 
time of the test

OGT test: AUC < NC NS +
OGT test: AUC = PC NS +

(Rajamani et al., 2005) Kernel and mace of 
M. fragrans in spices mixture

10; 30; 50 mg/kg bw 30 days FBG < NC -16.94 +
FBG < N -2.56 +

HbA1c < NC -48.86 +
HbA1c = N 0.4 +

(Suganthi et al., 2005) Kernel and mace of M. 
fragrans in spices mixture

10; 30; 50 mg/kg bw 30 days FBG < NC NS +
FBG = N NS +

(Nasreen et al., 2020) Water extract of ripe seeds 
from M. fragrans

5 g/kg bw and 5 g/kg bw + 
glimepiride 1 mg/kg bw)

28 days Non-FBG < PC NS +

1.5 mg/0.1 mL and 1.5 
mg/0.1 mL + glimepiride 

(0.0004 mg/0.1 mL)

28 days OGT test: AUC = PC NS +

(Vangoori et al., 2019) Ethyl alcohol extract from 
mace of M. fragrans

200 and 400 mg/kg bw 10 weeks Non-FBG < NC -60.76 +
Non-FBG > PC 26.27 0
Non-FBG > N 25 0
Non-FBG < I -35.02 +

(Nagja et al., 2016) Polyherbal extract 
(containing seed of M. fragrans)

400 mg/kg bw 7; 14; 21; and 28 days Non-FBG < NC -59.44 +
Non-FBG > PC 6.14 0
Non-FBG > N 28.52 0
Non-FBG < I -53.035 +

Water-ethanol extract of seed 
from M. fragrans

200 mg/kg bw Administered once at the 
time of the test

OGT test: AUC < NC NS +
OGT test: AUC = PC NS +

(Nguyen et al., 2010) Tetrahydrofuran lignans 
mixture from ethanol extract 

of M. fragrans

200 mg/kg bw 6 weeks Non-FBG < NC -14.44 +

(Han et al., 2008) Macelignan from M. fragrans 
Houtt

10 and 25 mg/kg bw 14 days Non-FBG < NC NS +
Non-FBG < PC NS +
Non-FBG > N NS 0

OGT test: AUC < NC NS +
OGT test: AUC < PC NS +
OGT test: AUC > N NS 0

Legend: area under curve (AUC); fasting blood glucose (FBG); glycated haemoglobin (HbA1c); initial conditions (I); non-fasting blood glucose (Non-FBG); normal control (N); 
negative control (NC); the value not showed (NS); oral glucose tolerance (OGT); positive control (PC); 2 hours post-prandial glucose (2h-PPG). *Effects were declared positive (+) if 
FBG/non-FBG/HbA1c/AUC in OGT test ≤ PC/N/I or < NC; negative (-) if FBG/non-FBG/HbA1c/AUC in OGT test ≥ NC; no effect (0) if FBG/non-FBG/HbA1c/AUC in OGT test 
> PC/N/I or = NC.
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were also various. In the view of experimental animal, rats were 
more used than mice (14 of 21 articles), and male dominated 
the experiments. Besides, the experiments differed in animal 
strain, model, diet, and induction methods. The number of 
animals used in each article also differed (n = 3–12). Few articles 
were also found not to provide quantitative values for some 
parameters; thus, the effects were expressed in qualitative (lower 
or higher). Standard deviation (SD) for glycemic parameters 
ranged 0.08–98.73 (12.24% had SD ≥ 30). Nonetheless, all 
studies reported a consistent result for the effects of nutmeg in 
experimental animals.

Effect of nutmeg on FBG

In this work, nine articles measured the content of FBG in 
rats and mice treated with nutmeg samples. The research outputs 
were then compared with FBG of negative control (8 articles), 
positive control (7 articles), normal control (5 articles), and their 
initial FBG level (5 articles). These studies showed positive effects.

The nutmeg sample was able to reduce FBG up to 94.52% 
when compared to the negative control. The ethanolic extract 
of M. fragrans seed (500 mg/kg bw) administered to male 
hyperglycemic rats for 6 days was able to dramatically alleviate 
the level of FBG up to 94.52% (Lestari  et  al., 2012). This 
significant alleviation may also depend on other factors such as 

dose and intervention duration. Meanwhile, the administration 
of nutmeg seed extract (using petroleum ether) at 50 mg/kg bw 
for 16 weeks suppressed FBG in male diabetic Wistar rats up to 
7.9%, and higher reduction at 45.06% and 55.57% was acquired at 
100 mg/kg bw and 200 mg/kg bw, respectively (Pashapoor et al., 
2020). Another research reported that FBG in T2DM Wistar 
rats treated with petroleum ether extract of nutmeg seed was 
significantly reduced at dose 200 mg/kg bw, but such effect was 
insignificant at dose of 50 and 100 mg/kg (Somani & Singhai, 
2008). The reduction of FBG was also dependent on the length 
of intervention. The FBG level of T2DM Wistar rats treated 
with safrole-free extract of M. fragrans Houtt seed at dose of 
5.4 mg/200 g bw for 2, 4 and 6 weeks was reduced up to 20%, 
30%, and 40%, respectively (Lestari et al., 2019).

Furthermore, FBG in rats treated by nutmeg samples was 
similar to positive control, even lower by 4.25%. The intervention 
of male tipe 2 DM Wistar rats by safrole-free extract of M. fragrans 
Houtt seed (5.4 mg/200 g bw) for 2, 4, and 6 days could reduce FBG 
at lower rate than that treated with pioglitazone (0.54 mg/200 g 
bw) and fenofibrate (3.6 mg/200 g bw) (Lestari  et al., 2019). 
FBG was also lower in male hyperglycemic rats treated with 
methanolic extract of M. fragrans seed at concentration of 125, 
250, and 500 mg/kg bw for 6 days than those treated pioglitazone 
at concentration of 2.7 and 10 mg/kg bw (Lestari et al., 2012). 
Moreover, FBG in rats administered with nutmeg samples was 

References Nutmeg sample Dosage Duration Outcome 
(Compared with NC/PC/N/I) % Differences Effects*

(Peungvicha et al., 2018) M. fragrans in herbal 
formulae/combined extract

0.5 and 1 g/kg 1 and 30 days Non-FBG 2h-PPG < NC -16.9 +
Non-FBG 2h-PPG < PC -5 +

0.5 and 1 g/kg 30 days HbA1c < NC -8.79 +
HbA1c > N 151.51 0

HbA1c < PC -3.49 +
(Dayanand et al., 2019) 1 part of M. fragrans Houtt in 

herbal formulation
10; 50; and 100 mg/kg bw 28 days Non-FBG > NC 23.65 -

(Arulmozhi et al., 2007) Hydroalcoholic extract from 
rhizome of M. fragrans Houtt

50; 150; and 450 mg/kg bw 7 days Non-FBG < NC -41.71 +
Non-FBG < PC 
(rosiglitazone)

-1.71 +

Non-FBG < PC 
(glimepiride)

-25.71 +

Non-FBG < PC (fenofibrate) ≥ -41.71 +
Non-FBG = N NS +

(Chowdhury et al., 2017) Methanol extract from seed 
and mace of M. fragrans 

Houtt

200 and 400 mg/kg bw 4 days Non-FBG < NC -44.78 +
Non-FBG > PC 17.23 0

(Sailesh & Padmanabha, 
2014)

Dry extract diethyl ether of 
M. fragrans Houtt

NS 1; 2; and 3 weeks Non-FBG < NC -35.82 +
Non-FBG > N 16.76 0
Non-FBG < I -50.64 +

(Othman et al., 2019) Malabaricone C from fruits of 
Myristica cinnamomea King

NS 8 weeks OGT test: AUC < NC NS +
OGT test: AUC > N NS 0

(Patil et al., 2011) Methanol extract from mace 
of M. fragrans

100 and 200 mg/kg bw Administered once at the 
time of the test

OGT test: AUC < NC NS +
OGT test: AUC > PC NS 0
OGT test: AUC > N NS 0

Methanol extract from mace 
of M. malabarica

100 and 200 mg/kg bw Administered once at the 
time of the test

OGT test: AUC < NC NS +
OGT test: AUC < PC NS +
OGT test: AUC > N NS 0

Legend: area under curve (AUC); fasting blood glucose (FBG); glycated haemoglobin (HbA1c); initial conditions (I); non-fasting blood glucose (Non-FBG); normal control (N); 
negative control (NC); the value not showed (NS); oral glucose tolerance (OGT); positive control (PC); 2 hours post-prandial glucose (2h-PPG). *Effects were declared positive (+) if 
FBG/non-FBG/HbA1c/AUC in OGT test ≤ PC/N/I or < NC; negative (-) if FBG/non-FBG/HbA1c/AUC in OGT test ≥ NC; no effect (0) if FBG/non-FBG/HbA1c/AUC in OGT test 
> PC/N/I or = NC.

Table 1. Continued...
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higher than positive control, showing the difference by <40.25%, 
even reaching up to <6.59% (Somani & Singhai, 2008; Kareem et al., 
2009; Eo & Ie, 2020; Pashapoor et al., 2020). These evidences 
clearly support the antidiabetic potential of nutmeg, which can 
be comparable to standard antidiabetic drugs.

FBG in male and female rats induced by alloxan was lower by 
4.71% compared with normal groups. Such effect was acquired 
after administrating the ethanolic extract of M. fragrans for 
35 days at dose of 821.58 mg/kg bw. Indeed, it could be lower 
up to 20.49% at dose of 273.86 mg/kg bw when combined 
with glibenclamide at dose of 5 mg/kg bw (Eo & Ie, 2020). 
Meanwhile, Wistar albino rats fed with high fructose diet was 
treated by M. fragrans (seed and mace), resulting in FBG level 
which was comparable with normal group (Rajamani  et  al., 
2005; Suganthi et al., 2005). Alloxan-induced male and female 
rats had FBG levels 72.67% lower than their initial FBG levels, 
after being given ethanolic extract of M. fragrans (547.72 mg/kg 
bw) for 28 days (Eo & Ie, 2020). Intervention of nutmeg samples 
showed positive effects to FBG when compared with negative 
control, positive control, normal control, and initial condition.

Effect of nutmeg on non-FBG

We found 10 articles measuring the level of non-FBG 
in rats and mice treated with nutmeg samples. The results of 
these studies were compared with negative control (9 articles), 
positive control (7 articles), normal condition (5 articles), and 
their initial condition (3 articles).

The level of non-FBG in experimental animals treated with 
nutmeg samples was lower (14.44%-60,76%) than negative 
control. The intervention of ethyl alcohol extract of M. fragrans 
mace (400 mg/kg bw) for 10 weeks in obese Wistar rats was 
able to reduce non-FBG levels up to 60.76% (Vangoori et al., 
2019). On the other hand, non-FBG in rats treated with herbal 
formula containing nutmeg was higher than negative control. 
Nevertheless, this result was neglectable since the difference was 
statistically insignificant (Dayanand et al., 2019).

The level of non-FBG in male hyperglycemic and 
hypertriglyceridemia Swiss albino rats administered with 
50 mg/kg bw of hydroalcoholic extract of M. fragrans Houtt 
rhizome for 7 days was lower than those administered with 
glimepiride (10 mg/kg bw) and fenofibrate (100 mg/kg bw). 
The treatment at dose of 450 mg/kg bw yielded a lower level of 
non-FBG compared with rosiglitazone at dose of 10 mg/kg bw 
(Arulmozhi et al., 2007). In addition, non-FBG levels in rats 
and mice treated with nutmeg samples were also found to be 
higher than the positive control, although the difference was 
not more than 26.27%. (Nagja et al., 2016; Chowdhury et al., 
2017; Vangoori et al., 2019).

The level of non-FBG in male and female type 2 DM Wistar 
rats treated with the polyherbal extract prepared from M. fragrans 
seeds at dose of 400 mg/kg bw for 7, 14, 21 and 28 days was 
higher, reaching up to 143.76%, 112.66%, 71.54%, and 28.52%, 
respectively, compared with normal control (Nagja  et  al., 
2016). These findings indicate the possibility of nutmeg sample 
intervention for reducing non-FBG in tipe 2 DM animals to 
normal levels when the duration of treatment was extended. 

Meanwhile, male hyperglycemia and hypertriglyceridemia Swiss 
albino mice administered with 450 mg/kg bw of hydroalcoholic 
extract of M. fragrans Houtt rhizome for 7 days showed a level of 
non-FBG which was relatively comparable with normal groups 
(Arulmozhi et al., 2007).

In addition, the intervention of nutmeg seed polyherbal 
extracts to male and female type 2 DM rats at dose of 400 mg/kg 
bw for 28 days caused lower non-FBG level (53.035%), compared 
with their initial level (Nagja, et al., 2016). Administration of M. 
fragrans mace ethyl alcohol extract at a dose of 200 mg/kg bw 
and 400 mg/kg bw in obese albino Wistar rats for a longer period 
(70 days) was also able to reduce non-FBG levels by 30.59% and 
35.02%, respectively (Vangoori, et al., 2019). In addition, the 
intervention of M. fragrans Houtt extract for 1, 2 and 3 weeks 
was able to reduce non-FBG levels of hyperglycemic Wistar 
rats from their initial condition (25.95%, 38.69% and 50.64%, 
respectively) (Sailesh & Padmanabha, 2014). This underlines the 
significance of doses and treatment intervals towards the reduction 
of non-FBG in rats or mice. Overall, nutmeg was evidence able to 
exert positive effects to non-FBG when compared with negative 
control, positive control, normal control, and initial level.

Effect of nutmeg on HbA1c

Three articles measuring the levels of HbA1c in rats or mice 
treated with nutmeg samples. The results of these studies were 
then compared with negative control (3 articles), positive control 
(1 article), and normal control (3 articles). Positive effects are 
shown in the articles.

Nutmeg samples reduced HbA1c by 8.79% - 48.86% when 
compared with negative control. The greatest reduction of 
HbA1c (up to 48.86% lower compared with negative control) 
was acquired when male Wistar albino rats were administered 
with 50 mg/kg bw of spices mixture containing seed and mace 
of M. fragrans for 30 days (Rajamani et al., 2005). The level of 
HbA1c in male mice C57BL/6/J NAFLD diminished significantly 
after a 30-days treatment by ethanolic extracts of M. fragrans 
seed at dose of 250 mg/kg bw (Zhao et al., 2020). This HbA1c-
lowering effect could be enhanced by the rise of nutmeg sample 
dose (Peungvicha et al., 2018; Rajamani et al., 2005).

Furthermore, male type 2 DM Sprague-Dawley rats were 
treated with 0.5 and 1 g/kg bw of herbal extract containing 
M. fragrans for 30 days, resulting in the reduction of HbA1c 
by 3.49% compared with those treated with 5 mg/kg bw of 
glibenclamide (Peungvicha et al., 2018). HbA1c level in male 
Wistar albino rats treated with nutmeg sample was also found 
to be comparable to the normal group (Rajamani et al., 2005). 
Overall, the nutmeg sample intervention had a positive effect on 
HbA1c when compared to negative controls, positive controls 
and normal controls.

Effect of nutmeg on OGT

The effect of nutmeg on OGT was discussed by seven articles, 
and the results were compared with negative control (6 articles), 
positive control (5 articles), and normal control (4 articles).
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This work found that all OGT tests in rats and mice treated 
with nutmeg showed a positive effect, when compared with 
negative control. Extracts and isolates derived from nutmeg 
fruits could improve OGT significantly. Male NAFLD C57BL/6/J 
mice administered with ethanolic extract of nutmeg seed at 
dose 250 mg/kg bw for 16 weeks resulted in more satisfied OGT 
in comparison with negative control (Zhao et al., 2020). Such 
desirable effect was also observed in several studies using different 
animal models including streptozotocin-induced male Wistar rats 
treated with methanolic extract of M. fragrans and M. malabarica 
(Patil et al., 2011), male and female normal Wistar rats treated 
with petroleum ether extract of M. fragrans seed (Somani & 
Singhai, 2008), obese mice treated with 0.1% Malabaricone C 
from Myristica cinnamomea King (Othman et al., 2019), and 
diabetic-obese C57BL/6J mice treated with macelignan from 
M. fragrans Houtt (Han et al., 2008). The intervention of nutmeg 
samples in rats and mice also produce remarkable effects on the 
OGT which is comparable, even much better than those treated 
with standard antidiabetic (Han et al., 2008; Nagja et al., 2016; 
Patil et al., 2011; Somani & Singhai, 2008). In general, nutmeg 
samples had a positive effect on OGT when compared to negative 
controls and positive controls.

Effect of nutmeg plant parts and extraction solvents on the 
reduction of FBG, non-FBG, and HbA1c

Discussion on the contribution of plant parts and solvents 
to the parameters was summarized in Table  2 and Table  3. 
The reducing effect of blood glucose level in rats and mice differed 

greatly, depending on the plant parts. The difference could also 
be caused by the levels of dose and the duration of intervention. 
This review found that nutmeg seed and mace enabled to cause 
a more than 50% reduction of blood glucose level. Compared 
with seed, nutmeg mace showed more powerful reducing effect 
on blood glucose level. Despite its promising health effect, the 
research exploring the effects of nutmeg mace on glycemic status 
of rats and mice are still limited. In this systematic review, only 
two articles were found to involve nutmeg mace, extracted by 
methanol and ethanol (Patil et al., 2011; Vangoori et al., 2019).

Nutmeg samples tested on experimental animals are 
commonly extracted using a solvent. Different solvents are very 
likely to produce extracts with different yields, chemical substance 
composition and bioactivity. Our review found that ethanolic 
and methanolic extracts of the nutmeg exhibited the strongest 
effects on declining FBG (90.91%) and non-FBG (58.39%) in 
rats and mice. Conversely, water extracts showed the weakest 
compared with other organic solvents. It is noteworthy that the 
organic solvent usage for food production is limited, considering 
its health risk. Therefore, water extract is regarded the most 
appreciable regarding its safety. In this systematic review, the 
use of water as a solvent for nutmeg seed extraction was found 
in only two articles (Kareem et al., 2009; Nagja et al., 2016).

In summary, our review underscores the substantial 
assertion that nutmeg mace and methanol extract exhibited the 
greatest effect for lowering blood glucose. Therefore, the anti-
diabetic properties of various fractions of the methanol extract 
of nutmeg mace are interesting for further study. In addition, 

Table 2. Effects of nutmeg part on FBG, non-FBG and HbA1c reduction in rat and mice.

Part of nutmeg Dosage 
(mg/kg bw) Duration (day) Glycemic 

parameter
Range of % 
Reduction*

Average of % 
Reduction References

Seed 27–500 2–30 FBG 3.90–94.52 39.31 (Kareem et al., 2009; 
Lestari et al., 2012, 2019; 
Pashapoor et al., 2020)

400 7–28 Non-FBG 16.46–59.44 38.06 (Nagja et al., 2016)
Mace 200–400 70 Non-FBG 56.02–60.76 58.39 (Vangoori et al., 2019)

Kernel and mace 10–50 30 FBG 10.31–16.94 13.97 (Rajamani et al., 2005)
200–400 4 Non-FBG 22.48–44.78 33.63 (Chowdhury et al., 2017)

10–50 30 HbA1c 31.47–48.86 40.17 (Rajamani et al., 2005)
Rhizome 50–450 7 Non-FBG 29.03–41.71 35.37 (Arulmozhi et al., 2007)

Legend: fasting blood glucose (FBG); glycated haemoglobin (HbA1c); non-fasting blood glucose (Non-FBG). *Value of % reduction compared with negative control.

Table 3. Effects of extraction solvent on FBG and non-FBG reduction in rat and mice.

Extraction 
solvent

Dosage (mg/kg 
bw) Duration (day) Glycemic 

parameter
Range of % 
Reduction*

Average of % 
Reduction References

Petroleum ether 50–200 14–21 FBG 7.90–55.57 36.18 (Pashapoor et al., 2020)
Water 100 30 FBG 3.9–8.8 6.35 (Kareem et al., 2009)

Diethyl ether NS 21 Non-FBG 24.70–35.82 28.80 (Sailesh & Padmanabha, 2014)
Hydro-alcoholic 50–450 7 Non-FBG 29.03–41.71 35.37 (Arulmozhi et al., 2007)

Ethanolic 200–400 70 Non-FBG 56.02–60.76 58.39 (Vangoori et al., 2019)
Methanol 250–500 6 FBG 87.30–94.52 90.91 (Lestari et al., 2012)

200–400 4 Non-FBG 22.48–44.78 33.63 (Chowdhury et al., 2017)
Legend: fasting blood glucose (FBG); glycated haemoglobin (HbA1c); non-fasting blood glucose (Non-FBG). *Value of % reduction compared with negative control.
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an in vivo study on the effect of mace water extract to reduce 
blood glucose is also needed to confirm the possibility of mace 
extract application in safer food products.

4 Conclusion
This systematic review found that the nutmeg intervention 

had a positive effect on parameters of glycemic status (FBG, non-
FBG, HbA1c, and OGT) in rats and mice, especially compared 
to the negative control and their initial conditions (Figure 2). 
Surprisingly, such desirable effects also occurred when they 
were compared with positive control and normal condition. 
Nutmeg samples (extract, herbal, spices mixture) were reported 
able to reduce the level of FBG, non-FBG, and HbA1c in rats 
and mice, reaching 94.52, 60.76 and 48.86%, respectively. Where 
nutmeg mace and methanol extract showed the highest ability 
for decreasing blood glucose. Based on these findings, treatment 
using nutmeg samples in rats and mice showed a positive effect 
on glycemic status so that it could reduce the risk of DM.

Acknowledgements 
This study was provided financial support by Directorate 

General of Higher Education, Research and Technology–Ministry 
of Education and Culture-Research and Technology Republic of 
Indonesia through the Doctoral Dissertation Research scheme 
(grant code 1/E1/KP.PTNBH/2021).

References
American Diabetes Association – ADA. (2018). Classification and 

diagnosis of diabetes: standards of medical care in Diabetes-2018. 
Diabetes Care, 41(Suppl. 1), S13-S27. http://dx.doi.org/10.2337/
dc18-S002 PMid:29222373.

Amin, Z., Sultana, P., Sultana, R., Rahman, S. M., & Swaraz, A. (2016). 
Assessment of glycemic status and BMI of resident and non - resident 
female students of Jessore University of science and technology, 
Bangladesh. International Journal of Research in Medical Sciences, 
4(2), 415-420. http://dx.doi.org/10.18203/2320-6012.ijrms20160288.

Arulmozhi, D. K., Kurian, R., Veeranjaneyulu, A., & Bodhankar, S. L. 
(2007). Antidiabetic and antihyperlipidemic effects of Myristica 
fragrans in animal models. Pharmaceutical Biology, 45(1), 64-68. 
http://dx.doi.org/10.1080/13880200601028339.

Chowdhury, M. A. R., Manirujjaman, & Haq, M. M. (2017). 
Phytochemical and pharmacological activity of myristica fragrans 
Houtt (Myristicaceae). International Journal of Toxicological and 
Pharmacological Research, 9(1), 17-19. http://dx.doi.org/10.25258/
ijtpr.v9i01.9038.

Dayanand, G. R., Sathiyarajeswaran, P., Patturayan, R., Ganesan, R., 
Kumar, G. V., Dhanaraj, K., & Rama, D. B. (2019). Evaluation of 
acute, sub acute toxicity and immunomodulatory activity of urai 
mathirai-siddha herbal formulation. Journal of Global Trends in 
Pharmaceutical Sciences, 10(3), 6372-6382.

Eo, J., & Ie, E. (2020). Prolonged nutmeg extract usage as potent as 
glibenclamide in diabetes treatment. American Journal of PharmTech 
Research, 10(4), 150-162. http://dx.doi.org/10.46624/ajptr.2020.v10.i4.013.

Ha, M. T., Seong, S. H., Nguyen, T. D., Cho, W.-K., Ah, K. J., Ma, J. Y., 
Woo, M. H., Choi, J. S., & Min, B. S. (2018). Chalcone derivatives 
from the root bark of Morus alba L. act as inhibitors of PTP1B 
and α -glucosidase. Phytochemistry, 155, 114-125. http://dx.doi.
org/10.1016/j.phytochem.2018.08.001. PMid:30103164.

Ha, M. T., Vu, N. K., Tran, T. H., Kim, J. A., Woo, M. H., & Min, B. S. 
(2020). Phytochemical and pharmacological properties of Myristica 
fragrans Houtt.: an updated review. Archives of Pharmacal Research, 
43(11), 1067-1092. http://dx.doi.org/10.1007/s12272-020-01285-4. 
PMid:33206347.

Han, K. L., Choi, J. S., Lee, J. Y., Song, J., Joe, M. K., Jung, M. H., & 
Hwang, J. K. (2008). Therapeutic potential of peroxisome proliferators-
activated receptor-α/γ dual agonist with alleviation of endoplasmic 
reticulum stress for the treatment of diabetes. Diabetes, 57(3), 737-
745. http://dx.doi.org/10.2337/db07-0972. PMid:18065517.

Kareem, M. A., Krushna, G. S., Hussain, S. A., & Devi, K. L. (2009). Effect 
of aqueous extract of nutmeg on hyperglycaemia, hyperlipidaemia and 
cardiac histology associated with isoproterenol-induced myocardial 
infarction in rats. Tropical Journal of Pharmaceutical Research, 8(4), 
337-344. http://dx.doi.org/10.4314/tjpr.v8i4.45227.

Lestari, K., Diantini, A., Barliana, M. I., Achmad, T. H., Subarnas, 
A., Mutakin, Abdulah, R., Lesmana, R., & Hwang, J. K. (2019). 
Potential natural dual agonist PPARα/γ-induced antidiabetic and 

Figure 2. A schematic representation of the effects of nutmeg on glycemic status parameters in mice and rats. The nutmeg sample gave a positive 
effect by reducing fasting blood glucose (FBG), non-fasting blood glucose (non-FBG), glycated haemoglobin (HbA1c), and area under curve 
(AUC) on the oral glucose tolerance (OGT) test.

https://doi.org/10.2337/dc18-S002
https://doi.org/10.2337/dc18-S002
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29222373&dopt=Abstract
https://doi.org/10.18203/2320-6012.ijrms20160288
https://doi.org/10.1080/13880200601028339
https://doi.org/10.25258/ijtpr.v9i01.9038
https://doi.org/10.25258/ijtpr.v9i01.9038
https://doi.org/10.46624/ajptr.2020.v10.i4.013
https://doi.org/10.1016/j.phytochem.2018.08.001
https://doi.org/10.1016/j.phytochem.2018.08.001
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30103164&dopt=Abstract
https://doi.org/10.1007/s12272-020-01285-4
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33206347&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33206347&dopt=Abstract
https://doi.org/10.2337/db07-0972
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18065517&dopt=Abstract
https://doi.org/10.4314/tjpr.v8i4.45227


Hasbullah et al.

Food Sci. Technol, Campinas, 43, e130122, 2023 9

antidyslipidemic properties of safrole-free nutmeg seed (Myristica 
fragrans Houtt) extract. The Natural Products Journal, 9(3), 248-253. 
http://dx.doi.org/10.2174/2210315509666190206122849.

Lestari, K., Hwang, J., Hartini Kariadi, S., Wijaya, A., Ahmad, T., Subarnas, 
A., Supriyatna, & Muchtaridi, M. (2012). Screening for PPAR γ 
agonist from Myristica fragrans Houtt seeds for the treatment of 
Type 2 diabetes by in vitro and in vivo. Medical and Health Science 
Journal, 12(3), 7-15. http://dx.doi.org/10.15208/mhsj.2012.37.

Lima, V. B. S., Sampaio, F. A., Bezerra, D. L. C., Moita, J. M. No., & 
Marreiro, D. (2011). Parameters of glycemic control and their 
relationship with zinc concentrations in blood and with superoxide 
dismutase enzyme activity in type 2 diabetes patients. Arquivos 
Brasileiros de Endocrinologia & Metabologia, 55(9), 701-707. http://
dx.doi.org/10.1590/S0004-27302011000900006. PMid:22231973.

Lin, H., Li, S., Zhang, J., Lin, S., Tan, B. K., & Hu, J. (2022). Functional 
food ingredients for control of gestational diabetes mellitus: a review. 
Food Science and Technology (Campinas), 42, 1-10. http://dx.doi.
org/10.1590/fst.03621. 

Malandrucco, I., Russo, B., Picconi, F., Menduni, M., & Frontoni, S. 
(2020). Glycemic status assessment by the latest glucose monitoring 
technologies. International Journal of Molecular Sciences, 21(21), 
1-18. http://dx.doi.org/10.3390/ijms21218243. PMid:33153229.

Nagja, T., Kumar, V., & Sanjeev, A. (2016). Anti-diabetic activity of a 
polyherbal formulation in streptozotocin induced type 2 diabetic 
rats. Journal of Natural Remedies, 16(4), 148-152. http://dx.doi.
org/10.18311/jnr/2016/15323.

Nasreen, W., Sarker, S., Sufian, M. A., Md Opo, F. A. D., Shahriar, M., 
Akhter, R., & Halim, M. A. (2020). A possible alternative therapy 
for type 2 diabetes using Myristica fragrans Houtt in combination 
with glimepiride: in vivo evaluation and in silico support. Zeitschrift 
für Naturforschung C, 75(3-4), 103-112. http://dx.doi.org/10.1515/
znc-2019-0134. PMid:32187019.

Nguyen, P. H., Le, T. V. T., Kang, H. W., Chae, J., Kim, S. K., Kwon, K. 
I., Seo, D. B., Lee, S. J., & Oh, W. K. (2010). AMP-activated protein 
kinase (AMPK) activators from Myristica fragrans (nutmeg) and 
their anti-obesity effect. Bioorganic & Medicinal Chemistry Letters, 
20(14), 4128-4131. http://dx.doi.org/10.1016/j.bmcl.2010.05.067. 
PMid:20541406.

Othman, M. A., Yuyama, K., Murai, Y., Igarashi, Y., Mikami, D., Sivasothy, Y., 
Awang, K., & Monde, K. (2019). Malabaricone C as natural sphingomyelin 
synthase inhibitor against diet-induced obesity and its lipid metabolism 
in mice. ACS Medicinal Chemistry Letters, 10(8), 1154-1158. http://
dx.doi.org/10.1021/acsmedchemlett.9b00171. PMid:31413799.

Page, M. J., McKenzie, J. E., Bossuyt, P. M., Boutron, I., Hoffmann, T. 
C., Mulrow, C. D., Shamseer, L., Tetzlaff, J. M., Akl, E. A., Brennan, 
S. E., Chou, R., Glanville, J., Grimshaw, J. M., Hróbjartsson, A., 
Lalu, M. M., Li, T., Loder, E. W., Mayo-Wilson, E., McDonald, 
S., McGuinness, L. A., Stewart, L. A., Thomas, J., Tricco, A. C., 
Welch, V. A., Whiting, P., & Moher, D. (2021). The PRISMA 2020 
statement: an updated guideline for reporting systematic reviews. 
PLoS Medicine, 18(3), e1003583. http://dx.doi.org/10.1371/journal.
pmed.1003583. PMid:33780438.

Paprott, R., Scheidt-Nave, C., & Heidemann, C. (2018). Determinants 
of change in glycemic status in individuals with prediabetes: Results 
from a nationwide cohort study in Germany. Journal of Diabetes 
Research, 2018, 5703652. http://dx.doi.org/10.1155/2018/5703652. 
PMid:30406150.

Pashapoor, A., Mashhadyrafie, S., & Mortazavi, P. (2020). Ameliorative 
effect of Myristica fragrans (nutmeg) extract on oxidative status 
and histology of pancreas in alloxan induced diabetic rats. Folia 
Morphologica, 79(1), 113-119.  PMid:31063201.

Patil, S. B., Ghadyale, V. A., Taklikar, S. S., Kulkarni, C. R., & Arvindekar, 
A. U. (2011). Insulin secretagogue, Alpha-glucosidase and antioxidant 
activity of some selected spices in streptozotocin-induced diabetic 
rats. Plant Foods for Human Nutrition (Dordrecht, Netherlands), 66(1), 
85-90. http://dx.doi.org/10.1007/s11130-011-0215-7. PMid:21437656.

Peungvicha, P., Vallisuta, O., Mangmool, S., Sirithamwanich, T., & 
Sirithamwanich, R. (2018). Anti-hyperglycemic effect and subchronic 
toxicity of the combined extract from Sattagavata - Mathurameha - 
Tubpikarn anti-diabetic herbal formulae. Thaiphesatchasan, 42(1), 6-13.

Phillips, P. J. (2012a). HbA1c and monitoring glycaemia. Australian 
Family Physician, 41(1–2), 37-40. PMid:22276282.

Phillips, P. J. (2012b). Oral glucose tolerance testing. Australian Family 
Physician, 41(6), 391-393.  PMid:22675678.

Rajamani, S., Suganthi, R., Ravichandran, M. K., & Anuradha, C. V. 
(2005). Food seasoning spices mixture improves glucose metabolism 
and lipid profile in fructose-fed hyperinsulinemic rats. Journal 
of Medicinal Food, 8(4), 502-507. http://dx.doi.org/10.1089/
jmf.2005.8.502. PMid:16379562.

Sailesh, K. S., & Padmanabha. (2014). A comparative study of the anti 
diabetic effect of oral administration of cinnamon. Nutmeg and 
Peppermint in Wistar Albino Rats, 4, 61-68.

Sathya, S., Amarasinghe, N. R., Jayasinghe, L., Araya, H., & Fujimoto, Y. 
(2020). Enzyme inhibitors from the aril of Myristica fragrans. South 
African Journal of Botany, 130, 172-176. http://dx.doi.org/10.1016/j.
sajb.2019.12.020.

Simanjuntak, H. A. (2018). The utilization of diabetes mellitus medicinal 
plants in simalungun ethnic society of simalungun regency (North 
Sumatera Province, Indonesia). BioLink, 5(1), 59-71. http://dx.doi.
org/10.31289/biolink.v5i1.1663.

Somani, R. S., & Singhai, K. (2008). Hypoglycaemic and antidiabetic activities 
of seeds of Myristica fragrans in normoglycaemic and alloxan-induced 
diabetic rats. Asian Journal of Experimental Sciences, 22(1), 95-102.

Suganthi, R., Rajamani, S., Ravichandran, M. K., & Anuradha, C. 
V. (2005). Preventive action of food seasoning spices mixture on 
fructose-induced lipid abnormalities. Asia Pacific Journal of Clinical 
Nutrition, 14(4), 420-427. PMid:16326650.

Vangoori, Y., Dakshinamoorthi, A., & Kavimani, S. (2019). Effect of 
Myristica fragrans extract on lipid profile, glucose, body weight, 
food intake, liver and renal functions in experimental obese rats. 
Biomedical & Pharmacology Journal, 12(2), 669-676. http://dx.doi.
org/10.13005/bpj/1688.

Williamson, G., & Sheedy, K. (2020). Effects of polyphenols on insulin 
resistance. Nutrients, 12(10), 1-19. http://dx.doi.org/10.3390/
nu12103135. PMid:33066504.

Yang, S., Na, M., Jang, J. P., Kim, K. A., Kim, B. Y., Sung, N. J., Oh, W. 
K., & Ahn, J. S. (2006). Inhibition of protein tyrosine phosphatase 
1b by lignans from myristica fragrans. Phytotherapy Researc, 20(8), 
680-682. PMid:16752372.

Yu, Y., Ouyang, X. J., Lou, Q. L., Gu, L. B., Mo, Y. Z., Ko, G. T., Chow, 
C. C., So, W. Y., Ma, R., Kong, A., Brown, N., Nan, J., Chan, J., & 
Bian, R. W. (2012). Validity of glycated hemoglobin in screening 
and diagnosing type 2 diabetes mellitus in Chinese subjects. The 
Korean Journal of Internal Medicine, 27(1), 41-46. http://dx.doi.
org/10.3904/kjim.2012.27.1.41. PMid:22403498.

Zhao, W., Song, F., Hu, D., Chen, H., Zhai, Q., Lu, W., Zhao, J., Zhang, 
H., Chen, W., Gu, Z., & Wang, G. (2020). The protective effect of 
myristica fragrans houtt. Extracts against obesity and inflammation 
by regulating free fatty acids metabolism in nonalcoholic fatty liver 
disease. Nutrients, 12(9), 1-19. http://dx.doi.org/10.3390/nu12092507. 
PMid:32825154.

https://doi.org/10.2174/2210315509666190206122849
https://doi.org/10.15208/mhsj.2012.37
https://doi.org/10.1590/S0004-27302011000900006
https://doi.org/10.1590/S0004-27302011000900006
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22231973&dopt=Abstract
https://doi.org/10.1590/fst.03621
https://doi.org/10.1590/fst.03621
https://doi.org/10.3390/ijms21218243
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33153229&dopt=Abstract
https://doi.org/10.18311/jnr/2016/15323
https://doi.org/10.18311/jnr/2016/15323
https://doi.org/10.1515/znc-2019-0134
https://doi.org/10.1515/znc-2019-0134
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32187019&dopt=Abstract
https://doi.org/10.1016/j.bmcl.2010.05.067
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20541406&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20541406&dopt=Abstract
https://doi.org/10.1021/acsmedchemlett.9b00171
https://doi.org/10.1021/acsmedchemlett.9b00171
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31413799&dopt=Abstract
https://doi.org/10.1371/journal.pmed.1003583
https://doi.org/10.1371/journal.pmed.1003583
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33780438&dopt=Abstract
https://doi.org/10.1155/2018/5703652
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30406150&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30406150&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31063201&dopt=Abstract
https://doi.org/10.1007/s11130-011-0215-7
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21437656&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22276282&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22675678&dopt=Abstract
https://doi.org/10.1089/jmf.2005.8.502
https://doi.org/10.1089/jmf.2005.8.502
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16379562&dopt=Abstract
https://doi.org/10.1016/j.sajb.2019.12.020
https://doi.org/10.1016/j.sajb.2019.12.020
https://doi.org/10.31289/biolink.v5i1.1663
https://doi.org/10.31289/biolink.v5i1.1663
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16326650&dopt=Abstract
https://doi.org/10.13005/bpj/1688
https://doi.org/10.13005/bpj/1688
https://doi.org/10.3390/nu12103135
https://doi.org/10.3390/nu12103135
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33066504&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16752372&dopt=Abstract
https://doi.org/10.3904/kjim.2012.27.1.41
https://doi.org/10.3904/kjim.2012.27.1.41
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22403498&dopt=Abstract
https://doi.org/10.3390/nu12092507
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32825154&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32825154&dopt=Abstract


Food Sci. Technol, Campinas, 43, e130122, 202310

Effect of nutmeg on glycemic status

Supplementary Material
Supplementary material accompanies this paper.

Supplementary 1. Characteristics of included studies in the systematic review.

This material is available as part of the online article from https://doi.org/10.1590/fst.130122


