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A B S T R A C T   

Sensitivity to savory taste has been linked to high consumption of savory foods and increased risks of obesity and 
hypertension. However, there are limited studies that investigate whether obesity indices are correlated with the 
differences in umami taste perception, particularly in children. This study aimed to investigate the umami 
detection threshold among children of different ethnicities and the threshold’s correlation with obesity indices 
and blood pressure. A total of 140 subjects were recruited and consisted of a nearly equal distribution of children 
from three main ethnicities (37.2% Malays, 31.4% Chinese, 31.4% Indians). Umami detection threshold was 
measured using the two-alternative, forced-choice staircase procedure. Body weight, height, waist circumference 
and blood pressure of children were measured. Body composition was assessed using bioelectrical impedance 
analysis (BIA). Mean umami detection threshold was 1.22 ± 1.04 mM and there were no observable differences 
attributable to the subjects’ ethnicities. Body fat percentage was negatively correlated (r = − 0.171, p < 0.05), 
while lean body mass percentage was positively correlated (r = 0.171, p < 0.05) with umami detection threshold. 
These findings revealed that umami taste perception correlated with children’s body composition, but not other 
anthropometric indicators and blood pressure. Future studies should explore the correlation between umami 
taste perception and children’s total dietary intake.   

1. Introduction 

Sensory perception varies significantly among individuals, affecting 
food preferences and selection and even nutritional status in the long 
term (de Macedo et al., 2016; Naish and Harris, 2012; Overberg et al., 
2012). Generally, the taste system can distinguish five main sensory 
qualities (sweet, sour, salty, bitter and umami) (Barragán and Coltell, 
2018), with each sensory quality indicating a different nutritional or 
physiological need. Furthermore, taste sensitivity may influence eating 
behavior, dietary intake and the likelihood of dietary-related chronic 
diseases (Puputti et al., 2019; Tan and Tucker, 2019; Veček et al., 2020). 

Saltiness and umami are the taste qualities that provide savory flavor 
sensation (Overberg et al., 2012). A European study has reported that 
when asked to describe verbally the taste of monosodium glutamate 
(MSG), a large percentage of subjects from Finland, Germany and Italy 
used the term “salty” (Iannilli et al., 2020). A functional magnetic 

resonance imaging (fMRI) study reported that the activation of salty and 
umami taste is similar and may be processed within common neural 
areas (Han et al., 2018). This may be due partly to the existence of 
similar sodium components in monosodium glutamate (Na-glutamate) 
and salt (Na-chloride). Excessive intake of salt can contribute to elevated 
blood pressure and may cause hypertension (Raj et al., 2016), whereas 
the impact of MSG intake on hypertension remains unclear. In East and 
Southeast Asian countries the dietary intake of MSG was higher than 
those reported in Western diet. For instance, the MSG intake was re-
ported to be 1.5–3.0 g/day in Taiwan, 1.1–1.6 g/day in Japan and 
1.6–2.3 g/day in South Korea (Lee and Lee 1986; Maga and Yamaguchi 
1983). For frequent consumer, the MSG intake can be up to 4.0 g/day 
(Beyreuher et al., 2007). In South Asia, many ready-made foods sold at 
street-side restaurants or dhaba contains MSG (Banerjee et al., 2021). 
The increased demand for MSG in Asian countries could be due to rapid 
urbanization and industrialization especially in the food processing 
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industry (Kazmi et al., 2017). A recent double-blind, randomized study 
reported that the umami taste quality can potentially replace sodium 
without sacrificing palatability (Hayabuchi et al., 2020). 

While the variation in perception of savoriness between obese and 
normal weight subjects has been investigated, the findings are contra-
dictory and inconclusive. Some studies observed that subjects who are 
obese have a lower perception for salty taste (Donaldson et al., 2009) 
and tend to have more difficulties in identifying different taste qualities 
(Overberg et al., 2012). Other studies have indicated that obese adults 
have lower sensitivity and higher preference for salty (Donaldson et al., 
2009) and umami tastes (Pepino et al., 2010), respectively. On the other 
hand, a recent study has found children become more sensitive to salty 
taste and less taste sensitive for umami with the increasing of age (Jilani 
et al., 2022). Umami taste can be found naturally in different foods; 
however, a strong stimulus of umami taste in our diet is MSG (Noel et al., 
2018). Taste preferences of umami may be subject to an individual’s 
taste sensitivity, which is the ability to taste a stimulus at its lowest 
concentration and can be measured using detection threshold. Donald-
son and colleagues reported no difference in the preference of MSG in 
different BMI groups (Donaldson et al., 2009). Nevertheless, obese 
children tend to consume more savory snacks than normal weight 
children (Maffeis et al., 2008). On the other hand, a study among adults 
in Sri Lanka did not observe any significant association between un-
derweight and sensitivity to umami (Fuchida et al., 2013). 

In recent decades, concern about childhood obesity has grown as it 
tracks strongly into adulthood and increases the risk of such non- 
communicable, chronic diseases as diabetes and hypertension (Craigie 
et al., 2011; Piernas et al., 2016; Simbolon et al., 2019). In Malaysia, 
approximately one-third of children or adolescents aged 6–17 years 
have been classified as overweight or obese (Institute for Public Health, 
2019). In addition, severe obesity in children has also been associated 
with lower cognitive abilities, which have lifelong consequences (Poh 
et al., 2019). Childhood is a crucial stage for developing dietary 
behavior in which exposure to taste stimulus is essential. Differences in 
the dietary habits of children from different ethnic backgrounds have 
been observed (Chong et al., 2016). Meanwhile, taste perception may 
vary with geographical locations (Baharuddin and Sharifudin, 2015). 
Although several works have studied the detection threshold of umami 
tastes in children, many of these studies had been conducted in Western 
countries (Bobowski and Mennella, 2015; Donaldson et al., 2009). Our 
study conducted in Malaysia reported that MSG had no effect on the 
appetite and subsequent energy intake in children of different ethnicities 
(Lim et al., 2021). However, it is important to understand whether 
children of different ethnic backgrounds perceive umami taste differ-
ently as genetic differences in taste receptors can give rise to individual 
taste differences (Kim and Drayna, 2005; Rawal et al., 2013; Wu et al., 
2021) and affects children’s food choices and nutritional status. In view 
of the increasing prevalence of obesity as a global health threat, any 
additional perspective that sheds light on obesity’s underlying factors 
would be beneficial. If the perception of umami taste and indices of 
obesity share a common link, sensory perception of savory taste can 
provide new insights into our understanding of childhood obesity, which 
could be crucial for targeted obesity prevention programs. 

To date, studies on savory taste among children are scarce, especially 
in Malaysia, a multi-ethnic country. A recent study observed that 
Malaysian Chinese children have a significantly higher salt detection 
threshold, compared to Malay and Indian children (Dora et al., 2020), 
and that this threshold has no relationship with blood pressure. Since 
MSG is also a sodium-containing taste stimulus, it is worthwhile to 
explore further whether umami taste sensitivity differs among children 
from different ethnicities by using a validated methodology. Hence, this 
study aims to investigate the umami detection threshold among Malay, 
Chinese and Indian primary school-aged children and to determine its 
correlation with various obesity indices and blood pressure. 

2. Materials and methods 

2.1. Study design 

This cross-sectional study was conducted in Kuala Lumpur and its 
metropolitan suburbs in Malaysia. A total of 169 subjects aged 9–11 
years of both sexes, from the three main ethnicities, namely Malays, 
Chinese and Indians, were recruited from five primary schools, which 
comprised National schools, National-type Chinese schools, and 
National-type Tamil schools. Only 140 subjects (82.4%) completed the 
entire procedure. Two-alternative, forced choice (2-AFC) staircase pro-
cedure was used to determine the umami detection threshold in chil-
dren. Children were requested not to drink or eat any food and to drink 
only plain water starting from 22:00 h the night before the test day. 
Anthropometric, body composition and blood pressure measurements 
were carried out on the morning of the test day. 

A minimum sample size of 40 was required to obtain a power of 95% 
and α = 0.01 (Ennis and Jesionka, 2011). Thus, to compare the differ-
ences of umami detection threshold among the three main ethnicities, at 
least 120 subjects were needed. Children with diabetes, heart disease, 
asthma, autism, attention deficit hyperactivity disorder (ADHD), food 
intolerance or allergies or have a negative reaction after consuming 
monosodium glutamate (MSG) were excluded from this study. The 
present study was conducted in accordance with the guidelines set out in 
the Declaration of Helsinki and was approved by the Research Ethics 
Committee of Universiti Kebangsaan Malaysia (Ref No. UKM 
PPI/111/8/JEP-2017-594). Written informed consent was obtained 
from the parents or guardian of the children prior to participation in the 
study and verbal assent was obtained from each child before data 
collection. 

2.2. Anthropometric measurements 

Body weight was measured with the participant wearing light indoor 
clothing, without shoes, to the nearest 0.1 kg, using a calibrated digital 
scale (SECA Model 813, Hamburg, Germany). Height was measured 
with the participant barefoot, to the nearest 0.1 cm, using a stadiometer 
(SECA Model 213, Hamburg, Germany). BMI was calculated by dividing 
the measured weight (kg) by the square of height (m2). Z-score for BMI- 
for-age (BAZ) was then determined using WHO AnthroPlus Version 
1.0.3 software (WHO, Geneva, Switzerland). 

Waist circumference was measured with a Lufkin tape (Model 
W606PM, Apex Tool Group, United States) to the nearest 0.1 cm. Sub-
jects were asked to stand still with feet together with shirt lifted above 
the waistline in order to measured directly over the skin of subject. 
Lufkin tape was placed around the subject, in horizontal line (on the 
midway of the last rib and top of iliac crest) using cross hand technique. 
Measurement was taken at the end of normal expiration, without the 
tape compressing against the skin. For hip circumference, subjects were 
requested to put their feet together and the gluteal muscle relaxed before 
the measurement. The level of greatest posterior perpendicular to the 
long axis of trunk with standing position of subjects was measured by 
using a Lufkin tape (Model W606PM, Apex Tool Group, United States) to 
the nearest 0.1 cm. 

2.3. Body composition measurement 

The children’s body composition was measured using bioelectrical 
impedance technique with a BodyStat 1500 MDD analyzer (Bodystat 
Ltd, UK). Subjects were requested to take off their shoes, socks, watch or 
any metal jewelry, and then lie comfortably in a supine position, with 
both arms and limbs abducted without touching the body, for about 5 
min to ensure that fluid levels have stabilized in the body before the 
measurement. For the subject’s right-hand position, disposable elec-
trodes were placed behind the knuckle of the middle finger and on the 
wrist next to the ulna head, while for the subject’s right foot position, 
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electrodes were placed at the middle of the dorsal surface, proximally to 
the metatarsal-phalangeal joints and between medial and lateral mal-
leoli at the ankle, respectively. An alcohol swab was used to clean the 
skin surface prior to attaching the electrodes. Crocodile clips connected 
to the BodyStat analyzer were clipped to the connective ends of elec-
trodes to complete the analysis. Readings of body composition (fat mass 
and lean body mass) were derived from the measured impedance and 
extended algorithms of the analyzer, after entering the information of 
subject’s age, sex, weight, height, activity level, waist and hip 
circumferences. 

2.4. Blood pressure measurement 

Blood pressure was measured by Omron digital sphygmomanometer 
model HEM-907 (Omron, Japan), with the right arm of the children on 
the table and situated at heart-level, while the children were sitting on a 
chair. Appropriately-sized blood pressure cuffs, either 17–22 cm (Omron 
HEM-CS19) or 22–32 cm (Omron HEM-CR24), were used, based on the 
children’s arm circumference. All measurements were taken twice and 
there was a 5-min interval between each reading. Systolic blood pressure 
(SBP) and diastolic blood pressure (DBP) values were recorded as the 
average of the two measurements of each reading. 

2.5. Measurement of umami detection threshold 

MSG concentrations ranging from 0.056 mM to 1 M were used to 
assess umami detection threshold by using 2AFC staircase procedure 
adopted from Bobowski and Mennella (2015). Children were requested 
to rinse their mouth twice with water before the trial started. Pairs of 5 
ml solutions were provided; one solution was distilled water and the 
other was the MSG taste stimulus. The solutions were randomized in 
order across subjects (Pepino et al., 2010). Each test session was initi-
ated using 1.0 mM of MSG solution for all subjects, which is similar to 
the study conducted by Bobowski and Mennella (2015). Based on the 
order presented, the children were requested to taste the first solution, 
swish the solution in their mouth for 5 s, and then spit it out. After 
tasting both solutions within a pair, the children were requested to point 
out which solution had a taste. The children then rinsed their mouths 
with distilled water twice and waited 20 s before moving onto the next 
sample. 

When the subject successfully identified the MSG solution from a 
blank solution on two consecutive trials, a lower concentration of MSG 
solution was provided. However, if the subject failed to distinguish the 
MSG solution from a blank solution, a higher concentration of MSG 
solution was provided. During the trial, a reversal was deemed to have 
occurred when there was an incorrect response followed by a correct 
response or vice versa. The same procedure was then repeated until four 
reversals were obtained, as shown in Fig. 1. The detection threshold for 
MSG was calculated using the geometric mean of the four reversals 
recorded. 

2.6. Statistical analysis 

All data was analyzed using SPSS version 22.0 (IBM Corp., United 
States). Analytical data were presented as mean ± standard deviation 
(SD). Non-parametric tests were used due to the skewed distribution of 
data. Mann-Whitney U test was performed to determine the difference of 
anthropometric measurements, body composition and MSG detection 
threshold between the sexes, while Kruskal-Wallis test was used to 
examine the differences in the measurements among the three main 
ethnicities, namely Malays, Chinese and Indians. Spearman correlation 
was used to examine the relationship between MSG detection threshold 
with blood pressure, BMI-for-age z-score, waist circumference, body fat 
percentage and lean body mass percentage. P-values below 0.05 were 
regarded as significant. 

3. Results 

Table 1 provides the children’s characteristics. Some 64.3% of the 
subjects were girls and 35.7% boys. There were almost equal numbers of 
children (37.2% Malays, 31.4% Chinese and 31.4% Indians) from each 
of the three major ethnic groups in Malaysia. More than one-third 
(36.4%) of the children in the current study were categorized as either 
overweight or obese (OW/OB), whereas the others (63.6%) were 
considered non-overweight or non-obese (non-OW/OB), according to 
the WHO 2007 BMI-for-age z-scores (WHO 2007). 

Table 2 shows the children’s anthropometric characteristics, body 
composition and blood pressure measurements. The children’s mean age 
was significantly different among ethnicities; with Malays being youn-
gest, followed by Chinese and Indians. Similarly, the Indian children in 
our study were significantly taller and heavier when compared to Malay 
children (p < 0.05). For blood pressure measurements, the average SBP 
and DBP of children were 106.1 ± 10.8 mmHg and 64.0 ± 8.3 mmHg, 
respectively. No significant differences were noted in BMI, BAZ, waist 

Fig. 1. Sample of testing grid with four reversals.  

Table 1 
Socio-demographic descriptive data and BMI category of children (n =
140).  

Characteristics n (%) 

Sex 
Male 50 (35.7) 
Female 90 (64.3) 
Ethnicity 
Malay 52 (37.2) 
Chinese 44 (31.4) 
Indian 44 (31.4) 
aBMI categories 
Non-overweight/obese (Non OW/OB) 89 (63.6) 
Overweight/obese (OW/OB) 51 (36.4)  

a BMI categories were done according to BMI-for-age z-scores (WHO 
2007). 
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circumference and body composition measurements among children 
from the three major ethnic groups in Malaysia. 

The mean umami detection threshold of children was 1.22 ± 1.04 
mM (Table 3). Boys had a higher umami threshold (1.52 ± 1.39 mM) 
compared to girls (1.06 ± 0.74 mM) but the difference was not signifi-
cant (p = 0.054). For the comparison among three ethnicities, Malay 
children had the highest umami threshold, followed by Chinese and 
Indian children. However, no significant difference in umami detection 
threshold was found among the three ethnicities. It was observed that 
OW/OB children had a similar threshold (1.23 ± 0.96 mM) with non- 
OW/OB children (1.23 ± 1.11 mM). 

Table 4 shows the correlation of various obesity indices and blood 
pressure with umami detection threshold. It was found that the per-
centage of the children’s body fat correlated negatively with the MSG 

detection threshold (r = − 0.171, p = 0.047). In contrast, the percentage 
of lean body mass was observed to correlate positively with the MSG 
detection threshold (r = 0.171, p = 0.047). No significant correlations 
were observed between BMI-for-age z-scores, waist circumference, SBP 
and DBP with MSG taste threshold among children. 

4. Discussion 

The present cross-sectional study examined the umami detection 
threshold of children from different ethnic backgrounds and the 
threshold’s association with various indices of obesity and blood pres-
sure. A higher detection threshold indicates that the children would 
need a higher umami concentration to differentiate between umami 
taste and water. Our results showed no variation in umami taste 
perception among Malaysian primary school children of different ethnic 
backgrounds. Out of the six indices studied, namely, BMI-for-age z- 
score, body fat %, lean body mass %, waist circumference, SBP and DBP, 
no correlations were found with MSG threshold, except for the per-
centages of body fat and lean body mass for body composition. A neu-
roimaging study has shown that brain responses to taste stimuli may 
vary in obese individuals compared to individuals of normal weight (Liu 
et al., 2019). In addition, based on the findings of fMRI, the 
blood-oxygen-level-dependent activation response in regions related to 
food motivation, such as the cerebellum, precuneus, and fusiform gyrus 
decreased after the consumption of MSG broth (Liu et al., 2019). This 
further confirm the importance of the umami taste on food intake. 

However, the current findings observed no correlation between MSG 
taste detection thresholds with weight status and blood pressure, which 
is consistent with previous literature (Bobowski and Mennella, 2015). In 
terms of body composition, a previous study reported that the taste 
thresholds (sweet, sour, salty and bitter) negatively correlated with 
visceral fat where a lower score was observed in the taste thresholds of 
obese adult females (Fernandez-Garcia et al., 2017). Similarly, another 

Table 2 
Anthropometry, body composition and blood pressure measurement of children 
(mean ± SD).  

Variables All (n 
= 140) 

Malays 
(n = 52) 

Chinese 
(n = 44) 

Indian 
(n =
44) 

p-value 
(p value) 

Age (years) 10.0 
± 1.0 

9.5 ±
0.8a 

10.2 ±
1.0b 

10.6 ±
0.9b 

<0.001* 

Height (cm) 138.2 
± 9.3 

134.8 ±
8.8a 

138.8 ±
9.2a,b 

142.0 
± 8.3b 

<0.001* 

Weight (kg) 34.8 
± 12.0 

31.9 ±
10.0a 

36.6 ±
12.1b 

36.6 ±
12.4b 

0.017* 

BMI (kg/m2) 17.9 
± 4.5 

17.3 ±
3.9 

18.6 ±
4.5 

17.9 ±
4.6 

0.185 

BMI-for-age (SD) 0.4 ±
2.8 

− 0.1 ±
2.6 

1.0 ± 2.7 0.4 ±
2.8 

0.128 

Waist Circumference 
(cm) 

62.4 
± 12.7 

60.1 ±
11.4 

63.6 ±
12.2 

63.9 ±
13.4 

0.085 

Body fat (%) 27.3 
± 9.4 

27.4 ±
10.7 

25.4 ±
9.1 

29.1 ±
7.2 

0.131 

Lean body mass (%) 72.7 
± 9.4 

72.6 ±
10.7 

74.6 ±
9.1 

70.9 ±
7.7 

0.131 

SBP (mmHg) 
PRESSPREpressure 
(mmHg) 

106.1 
± 10.7 

104.5 ±
10.7 

107.8 ±
10.1 

106.5 
± 10.6 

0.224 

DBP (mmHg) 64.2 
± 8.4 

63.4 ±
8.0 

64.5 ±
8.6 

64.6 ±
8.8 

0.630 

1Based on BMI-for-age z-score: Severely thin and thin (z-score < − 2SD); Normal 
(-2SD ≤ z-score≤+1SD); Overweight (+1SD < z-score ≤+2SD) and obese (z- 
score >+2SD) (WHO 2007). 
2SBP: Systolic blood pressure; DBP: Diastolic blood pressure. 
*Kruskal-Wallis test showed significant difference between ethnicity at p<0.05 
based on pairwise comparison. 

a Mean values not sharing the same superscript letter indicate significant 
difference between ethnics groups based on pairwise comparison. 

b Mean values not sharing the same superscript letter indicate significant 
difference between ethnics groups based on pairwise comparison. 

Table 3 
Umami detection threshold of children (Mean ± SD).  

Variables n MSG Threshold (mM) p-value 

Overall 140 1.22 ± 1.04  
Sexa  0.054 

Boys 50 1.52 ± 1.39  
Girls 90 1.06 ± 0.74  

Ethnicityb  0.759 
Malay 52 1.29 ± 1.27  
Chinese 44 1.24 ± 0.85  
Indian 44 1.16 ± 0.98  

BMI category  0.812 
Non-overweight/obese (non OW/OB) 89 1.23 ± 1.11  
Overweight/obese (OW/OB) 51 1.23 ± 0.96   

a Comparison between sexes and BMI category were made with Mann-Whitney test. 
b Comparison between ethnicity were made with Kruskal-Wallis test. 

Table 4 
Spearman correlation model of relationship between various obesity indices and 
blood pressure with MSG taste detection threshold in children (n = 140).  

Variables Correlation 

R p-value 

BMI-for-age z-score − 0.031 0.712 
Body fat (%) − 0.171 0.047* 
Lean body mass (%) 0.171 0.047* 
Waist Circumference (cm) − 0.099 0.247 
SBP (mmHg) − 0.045 0.602 
DBP (mmHg) − 0.044 0.609 

r refers to the correlation coefficient. 
* Significant difference was found at p < 0.05. 
SBP: Systolic blood pressure; DBP: Diastolic blood pressure. 
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study reported that obese subjects have a lower recognition threshold of 
sweet and salty tastes, which in turn suggests that obese individuals have 
higher taste sensitivity (Hardikar et al., 2017). However, the umami 
taste threshold was not measured in these two studies. As observed in 
our study, OW/OB children have a similar threshold with non-OW/OB 
children. This may be partially due to the unequal subject distribution 
in each BMI category in the present study. A similar number of normal 
weight (n = 47) and overweight/obese (n = 50) children were recruited 
in the previous study (Bobowski and Mennella, 2015). Therefore, to 
clarify whether the weight status (obese or non-obese) of individuals 
influences taste perception, a similar number of normal weight and 
obese subjects needs to be recruited in future studies. 

No gender differences in umami taste perception were detected in a 
study conducted among Caucasian adults and elderly based on total 
taste scoring for five different concentrations of tastant (Barragán and 
Coltell, 2018). However, another study that used the 2-AFC methodol-
ogy similar to the one employed in the present study, indicated that taste 
detection threshold of young adults was influenced by gender (Hong 
et al., 2005). The different methodologies used to determine taste 
detection threshold likely contributed to the discrepancy of the results. 
Our study showed that the difference in umami taste detection thresh-
olds between genders was at the limit of statistical significance (p =
0.054). It has been suggested that taste perception is associated with the 
density of taste buds (Khan et al., 2019). Women tend to have more taste 
buds and fungiform papillae than men due in part to differences in 
hormones, dietary habits, alcohol consumption and smoking behavior 
(Prutkin et al., 2000; Yackinous and Guinard, 2002). 

The present finding was consistent with Overberg et al. (2012), 
where no variations were observed in the taste sensitivity of the five 
basic tastes of children and adolescents from German, Turkish and other 
ethnic backgrounds (Overberg et al., 2012). However, several studies 
have indicated that taste perceptions can be affected by culture and 
ethnicity (Baharuddin and Sharifudin, 2015; Dora et al., 2020; Williams 
et al., 2016). In Asia, there are few taste perception studies that compare 
the umami taste perception of different ethnic groups, especially among 
children. In contrast to our study, a recent Singapore study reported that 
Indian adults have higher umami recognition threshold compared to 
Chinese adults, which suggests that Singaporean Indians have a lower 
sensitivity for umami taste (Leong et al., 2018). However, instead of 
using a detection threshold, this study used the recognition threshold to 
determine umami taste perception among their subjects (Leong et al., 
2018). Hence, the results of the study from Singapore should be inter-
preted with caution in relation to our study, as readings of taste 
threshold vary depending on the method used. 

Taste thresholds may change over time as they are influenced by 
such environmental factors as dietary habits and taste exposure (Ven-
nerød et al., 2018; Navarro-Allende et al., 2008). A recent study in Korea 
revealed the umami recognition threshold of elderly subjects was higher 
when compared to young adults (Vennerød et al., 2018). In addition, 
Barragán and Coltell (2018) and Overberg et al. (2012) have indicated 
that taste sensitivity may increase from childhood until adulthood and 
then decline from adulthood to elderly. Since the subjects of the present 
study are children, future studies should examine the umami detection 
threshold of different populations, including adolescents, adults and 
elderly of different ethnicities, in order to have in-depth understanding 
of variations of umami taste perception among individuals of various 
age and ethnic backgrounds. Furthermore, the seasonings used in 
different cuisines may contribute to variations in taste threshold (Leong 
et al., 2018). For instance, soy sauce, which is commonly used in Chinese 
cuisine, is rich in glutamate and is thus likely to influence umami taste 
sensitivity in frequent consumers (Leong et al., 2018). However, the 
relationship between consuming high umami food frequently with taste 
sensitivity requires further clarification as dietary records were not 
available in our study. 

Moreover, genetic variations in taste receptor type 1 member 1 
(TAS1R1) and taste receptor type 1 member 3 (TAS1R3), the umami 

taste receptors, may directly influence the umami taste sensitivity 
(Nelson et al., 2002; Wu et al., 2021; Zhang et al., 2019). A U.S. study 
associated the difference in umami taste perception with variations in 
the TAS1R3 gene (Chen et al., 2009). Another study observed a differ-
ence in the genetic polymorphism of TAS1R1 and TAS1R3 genes among 
Korean populations, where the coding of A372T in TAS1R1 and C75R in 
TAS1R3 genes were commonly found in Koreans (Bae et al., 2010). 
Although the influence of ethnicity in umami detection threshold was 
not significant, it is important to further investigate the genetic poly-
morphism among Malaysians of different ethnicities that may affect the 
sensitivity to glutamate among different ethnic populations. 

This study investigates the umami detection threshold in children 
and compares the threshold among children from three different eth-
nicities which can be considered as novel research in Malaysia. In 
addition, the 2-AFC staircase procedure used in the present study is a 
valid method to determine the detection threshold among children 
(Mennella et al., 2011). However, it should be noted that the complexity 
of the food matrix may play a role in the perception of umami. The 
detection threshold for MSG can vary between pure aqueous solutions 
and different food samples (such as soups, sauces, or pasta) as the 
threshold is partly determined by the food texture or appearance. Future 
research is needed to follow up and investigate the detection thresholds 
of MSG in different foods to better understand the MSG thresholds in 
children. In addition, a larger number of subjects from different age 
groups should be recruited in future studies so that more meaningful 
comparisons can be made. Although the present study was designed as a 
cross-sectional study and a causal relationship of umami threshold with 
obesity could not be determined, the findings can still be considered as 
foundational research and a stepping stone for future studies. On the 
other hand, the present study was conducted only in Kuala Lumpur 
Metropolitan, Malaysia. Hence, the outcomes may not be generalizable 
to all children living in different regions of Malaysia, as geographic 
difference is also a known determinant of dietary habits and taste 
perception. Future studies should recruit an equal number of subjects in 
each BMI category to provide better understanding of the relationship 
between nutritional status and taste sensitivity. 

5. Conclusion 

The current study showed that the mean MSG detection threshold of 
Malaysian children was 1.22 ± 1.04 mM. No differences attributable to 
gender or ethnic background were observed among the children. The 
study also observed that umami taste perception was correlated only 
with children’s body composition, but not any other anthropometric 
indicators or blood pressure, which provides a new horizon into our 
current understanding of childhood obesity. Healthcare professionals or 
food manufacturers may consider the current finding about the umami 
taste threshold in menu planning or when designing low-sodium and 
appetizing food products for children without altering their palatability. 
It is worthwhile to further examine the relationship between the chil-
dren’s umami taste threshold and their preference for umami taste in 
future studies. This is critical when designing targeted intervention 
programs as taste perception is known to influence food intake. 
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