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Introduction

Since Korea was divided into two countries over 60 years 
ago, differences have gradually developed at the political 
and economic levels. Because North Koreans have faced 

food shortages since the early 1990s,1) the number of North 
Korean refugees arriving in South Korea has soared, with 
more than 30000 settling in South Korea.2) North Korean 
refugees stay at Hanawon, a settlement support center, dur-
ing their first 3 months after entry into South Korea. Their 
complaints regarding taste intensity, particularly with re-
spect to strong sweetness, of prepared or processed foods at 
Hanawon are common, and they persist even after the refu-
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Background and Objectives   Since Korea has been divided into two countries over 60 years 
ago and differences has gradually developed between the two, an influx of North Korean refu-
gees to South Korea have soared over the past 20 years. Their complaints regarding taste inten-
sity, particularly about strong sweetness of foods, are common after entry into South Korea. 
Because a long-term over-exposure or restriction to some taste stimuli causes profound altera-
tions in corresponding taste sensitivity in humans, we hypothesized that sugar restriction, 
which remains common in North Korea, has influenced sweet sensitivity of North Koreans.
Subjects and Method   To test this hypothesis, we assessed the taste stimuli recognition and 
detection thresholds of both young adults North refugees and South Koreans using a 1-mL 
whole-mouth gustatory test applied to a series of sweet, bitter, sour, and salty solutions. 
Results   As expected, the cumulative curve of the recognition threshold for sucrose shifted 
to the left and the mean recognition threshold for sucrose was significantly lower (0.5357% vs. 
0.7393%, p=0.044) for North refugees than for South participants. On the other hand, the rec-
ognition threshold for salt was significantly higher (0.2174% vs. 0.1212%, p=0.027) in North 
refugees. No differences on the recognition taste sensitivity for quinine hydrochloride and cit-
ric acid were observed.
Conclusion   The findings documented in the present study indicate that a prolonged food 
deficit seems to have changed the taste sensitivity of healthy North Korean refugees. The al-
tered taste sensitivity was most pronounced for sweet and salty tastes, and lasted up to 3.5 
years after the refugees left North Korea.
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gees have lived in South Korea for several years.3) 
North Korea is designated as a low-income food-deficit coun-

try based on the per capita gross national income and net food 
trade status by the Food and Agriculture Organization.4) Sugar 
restrictions and spice resource limitations remain common in 
North Korea. Because long-term over-exposure to sweet, salty, 
or sour taste stimuli, mostly caused by sociological factors 
within a country, it causes profound alterations in correspond-
ing taste sensitivity in humans.5-7) It is plausible that limited ex-
posure to sweet stimuli or over-exposure to salt would alter 
taste sensitivity in North Koreans.

We therefore hypothesized that a long-term over-exposure 
or restriction to some taste stimuli within a country caused 
by food deficit has influenced the taste sensitivity of young 
adult North Korean refugees. To test this hypothesis, we as-
sessed the taste stimuli detection and recognition thresholds 
of both young adult North Korean refugees and South Kore-
ans using a 1-mL whole-mouth gustatory test applied to a 
series of sweet, bitter, sour, and salty solutions.

Subjects and method

Participant recruitment
This study recruited 23 North Korean refugees from a reli-

gious facility in Guro-gu, Seoul. The participants were aged 
between 18 years and 34 years old and provided informed con-
sent before the assessments. The study protocol was approved 
by the Institutional Review Board (IRB SJU-HR-E-2019-008) 
of Sejong University, Seoul, Korea. We measured the height and 
weight of the subjects, and obtained information on their age, 
cigarette smoking habits, and consumption of alcoholic bever-
ages. During face-to-face interviews, we asked the North Kore-
an refugees for the date of their escape from North Korea, the 
date of their arrival in South Korea, and the number of months 
they spent in transit between the two countries (i.e., in China) 
to calculate the length of their residence in South Korea. Heavy 
smokers (≥20 cigarettes per day) and heavy alcohol consum-
ers (≥5 drinks of alcohol per day; one drink is equivalent to 
12 g of alcohol) were excluded from the analysis because these 
substances can modify taste perception.8) We also excluded 
those who could not distinguish between distilled water and 
the sample solutions. Ultimately, 21 young adult North Korean 
refugees (12 men, 9 women) participated. 

In total, 72 young adult South Koreans (40 men, 32 women; 
age range: 18-26 years) were recruited from universities in the 
metropolitan area of South Korea; they all provided informed 

consent before participating. The subjects were asked the same 
questions as the North Korean refugees, and the exclusion cri-
teria were identical. Finally, 41 South Korean young adults (20 
men, 21 women) were included in the analysis. Table 1 sum-
marizes the general characteristics of the participants.

Test solutions
To determine the taste stimuli detection and recognition 

thresholds, we prepared a series of solutions corresponding to 
the four basic tastes (sweet, salty, sour, and bitter) using su-
crose, sodium chloride (NaCl), citric acid, and quinine hydro-
chloride (QHCl), respectively. The concentration range for 
each test compound was chosen based on the reported thresh-
old values. The highest-concentration solutions were 40% su-
crose, 20% NaCl, 2% citric acid, and 0.1% QHCl. Solutions 
with lower concentrations were obtained by serial dilution 
with distilled water (ratio of 1:1), as shown in Table 2. All test 
solutions were stored at 4°C until use.

Measurement of taste thresholds
To ensure the accuracy of the threshold tests, the subjects 

were instructed to refrain from eating a meal, drinking (except 
water), smoking, or chewing gum for at least 1 h before the 
start of the test. Before the test, the subjects rinsed out their 
mouths with distilled water; then 1 mL of each stepwise test 
solution was sprayed evenly over the subject’s tongue surface 
using a disposable syringe. The subjects retained each solution 
in their mouths for a short period and then spat it out. Each 

Table 1. General characteristics of participants

Characteristic
North Korean  

refugees 
(n=21)

South  
Koreans 
(n=41)

p-value*

Age (yr) 24.0±0.7† 22.1±0.4 0.012
Gender (n)

Male 12 20
0.533

Female 9 21
Body Mass Index (kg/m2) 22.7±0.5 22.5±0.5 0.802
Cigarette smoking  
  (ea/day)

5.21±1.79 9.25±1.11 0.070 

Alcohol consumption  
  (drink/day)‡

1.43±0.23 1.57±0.22 0.770 

Residential period (yr)

North Korea 20.8±0.6
South Korea 1.5±0.3

Stateless period (yr) 2.0±0.7

*derived by between-groups comparisons by chi-square test 
(gender) and t test (other variables), †mean±standard error (all 
such values), ‡one drink of alcohol=12 g of ethanol
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subject was asked first to discriminate between the taste of the 
test solution and the previous solution, and then to identify the 
taste of the test solution. The minimum concentrations at 
which the subjects could discriminate the test solutions from 
distilled water, and identify the taste correctly, were defined as 
the detection and recognition thresholds, respectively. When 
subjects switched from one test solution to another, they first 
rinsed out their mouths with distilled water. However, when 
the concentration of the same test solution was increased, they 
did not rinse their mouths, except in the case of the salty taste.

Data analysis
Data are presented as means±standard error of the mean. 

Statistical significance of difference was analyzed by chi-
square test on gender and one-tailed Student’s t-test on other 
variables. Significant differences were accepted when the 
p value was <0.05. 

Results

The recognition threshold for bitter, sour, sweet, 
and salty tastes in North and South Korean 
young adult participants

Two different gustatory thresholds are often used to assess 
taste sensitivity in humans: the recognition and detection 
thresholds. The detection threshold is defined as the mini-
mum concentration of a taste chemical that can be reliably 
discriminated from water, although the specific taste is not 
necessarily recognized. The recognition threshold is defined 
as the minimum concentration at which a subject can accu-

rately identify the type of taste, such as “sweet” for sucrose 
or “salty” for NaCl.9,10) 

Fig. 1 shows the cumulative curves of the recognition thresh-
olds and mean recognition thresholds for the sweet, bitter, sour, 
and salty stimuli in our young adult North Korean refugees 
and South Korean participants. In the cumulative curves of the 
recognition threshold, the onset of the curve corresponds to the 
lowest threshold and the curve is plotted up to the highest 
threshold; the steepness of the slope is inversely related to the 
range width of threshold for each group. As shown in Fig. 1A, 
the onset, end point, and steepness of the cumulative curves of 
the recognition threshold for QHCl were quite similar between 
the North Korean refugees and the South Koreans. No differ-
ence was observed in mean recognition threshold between the 
two groups (1.0024 mg% vs. 0.9359 mg%, p=0.394). Regard-
ing the sensitivity to citric acid, both the cumulative curve of 
the recognition threshold and the mean recognition threshold 
(0.0201% vs. 0.0189%, p=0.382) showed no differences be-
tween the groups (Fig. 1B). These data might suggest that a 
sociological factor such as a prolonged food deficit does not 
strongly influence the recognition thresholds for bitterness 
and sourness in North Korean refugees. On the other hand, dif-
ferent sucrose sensitivity trends were found between the two 
groups (Fig. 1C). As expected, the cumulative curve of the rec-
ognition threshold for sucrose shifted to the left for the North 
Korean refugees compared with the South Korean participants. 
The mean recognition threshold for sucrose was also significant-
ly lower in the North Korean refugees (0.5357% vs. 0.7393%, 
p=0.044), indicating that sucrose sensitivity is greater in North 
Korean refugees than in South Korean participants. Similarly, 
we found a difference in taste sensitivity between the groups 
for NaCl in terms of both the cumulative curve of the recogni-
tion threshold and mean recognition threshold (Fig. 1D). The 
cumulative curve of the recognition threshold among the North 
Korean refugees shifted to the left for NaCl concentrations 
<0.03906% and to the right for NaCl concentrations >0.03906% 
compared with the South Korean participants. The mean rec-
ognition threshold of the North Korean refugees was significant-
ly higher than that of the South Korean participants (0.2174% 
vs. 0.1212%, p=0.027), indicating that sensitivity to NaCl was 
lower in the North Korean refugees than in South Korean par-
ticipants. 

The detection threshold in North 
and South Korean young adult participants

Fig. 2 shows the cumulative curves of detection thresholds 

Table 2. Concentrations of solution used for whole-mouth gusta-
tory test 

Concentration
Sucrose  
(%)

NaCl  
(%)

Citric acid  
(%)

QHCl  
(%)

C1 0.00977 0.00488 0.00048 0.00002
C2 0.0195 0.00977 0.00098 0.00005
C3 0.0391 0.0195 0.00195 0.00010
C4 0.0781 0.0391 0.00391 0.00020
C5 0.1563 0.0781 0.00781 0.00039
C6 0.313 0.1563 0.01563 0.00078
C7 0.625 0.313 0.0313 0.00156
C8 1.25 0.625 0.0625 0.00313
C9 2.5 1.25 0.125 0.00625
C10 5.0 2.5 0.25 0.0125
C11 10.0 5.0 0.5 0.025
C12 20.0 10.0 1.0 0.050
C13 40.0 20.0 2.0 0.10
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and mean detection thresholds for the sweet, bitter, sour, and 
salty stimuli for the two groups. As with the recognition 
threshold, the onset of the curve corresponds to the lowest 
threshold, and the curve is plotted up to the highest threshold; 
the steepness of the slope is inversely related to the threshold 
range width for each group. Unlike recognition thresholds, in-
creasing the concentration of all taste stimuli tested produced 
a rightward shift of the cumulative curves of detection thresh-
olds among the North Korean refugees. The mean detection 
thresholds for sweet (0.2400% vs. 0.4059%, p=0.038), salty 
(0.0188% vs. 0.0373%, p=0.002), sour (0.0030% vs. 0.0100%, 
p=0.001), and bitter (0.1171 mg% vs. 0.4595 mg%, p=0.0005) 
tastes were significantly lower in North Korean refugees than 
in South Korean participants, indicating that the overall sen-
sitivity of detection to taste stimuli was higher in North Ko-
rean refugees than in South Korean participants.

Discussion

Although the sample size was small, the present study 
demonstrated that North Korean refugees’ sucrose recogni-
tion threshold was significantly higher, whereas their salt rec-

ognition threshold was significantly lower, compared with 
the recognition thresholds of South Korean participants. No 
dietary effect on the recognition thresholds for QHCl and cit-
ric acid was observed. Because sugar restriction is an un-
avoidable aspect of a prolonged food deficit such as that in 
North Korea, the data for sucrose obtained in this study are 
in general agreement with data previously collected by Wise 
et al.,11) who found that a substantial reduction in the dietary 
intake of sugar increased the sensitivity to sugar taste after only 
1 month of reduced dietary intake. Accumulating evidence in-
dicates that salt exposure (both restriction and hyperingestion) 
significantly alters salt taste sensitivity.12-14) Although our re-
sults show no difference in sensitivity depending on the length 
of residence in the Republic of Korea after defecting from the 
North (data not shown), it is assumed that this is a problem with 
small sample size. Cultural factors can contribute to intake pat-
terns and consequently influence taste sensitivity, as shown in 
a previous report suggesting that prolonged hyperingestion of 
dietary salt originated from the extensive use of salted fish 
products; this tradition has decreased the salt taste sensitivity 
of Myanmarese people.7) Based on a report on the status of the 
vegetable industry in North Korea, excessive dietary salt in-
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Fig. 1. The cumulative recognition threshold curves of QHCl (A), citric acid (B), sucrose (C), and NaCI (D) representing bitter, sour, sweet, 
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take is regularly observed.15) Recent reports by North Korean 
refugees also indicate that vegetables seasoned only with salt 
and served as a side dish represent a major part of the diet in 
North Korea.16,17) The data obtained for salt in this study show 
that the recognition threshold was significantly lower in North 
Korean refugees, reflecting the sociological context described 
above. However, all mean detection thresholds were signifi-
cantly lower in North Korean refugees than in the South Ko-
rean participants. Although conflicting reports exist, it is gen-
erally accepted that factors contributing to taste sensitivity in 
healthy subjects include age, gender, body mass index, cigarette 
smoking, and alcohol consumption. Cigarette smoking was 
slightly higher among the South Korean participants compared 
with the North Korean refugees, but there was no significant 
difference between the two groups. One alternative hypothe-
sis would be that long-term exposure to a monotonous diet 
caused by food shortages could be expected to increase taste 
sensitivity. This result is consistent with a previous study, which 
found that the most common food complaint among North 
Korean refugees is regarding stronger tastes in South Korea.18)

The findings documented in the present study indicate that 
a prolonged food deficit seems to have changed the taste sen-

sitivity of healthy North Korean refugees. The altered taste 
sensitivity was most pronounced for sweet and salty tastes 
and lasted up to 3.5 years after the refugees left North Korea.
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