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Abstract Sago starch (Metroxylon sagu Rottb.) is one of the starches imported into Japan.
Recently, sago starch has been promoted as a healthy type of starch because it is gluten-free
and non-allergenic. This study aims to identify the factors affecting sago starch import
demand during the period 1978–2017 in Japan by using a double logarithmic linear function.
The study revealed that the price of sago starch, GDP, aging population rate and tariff-rate
quota policy are significant factors influencing sago starch importation in Japan.
Keywords Determinant factors, Import, Demand, Japan, Sago starch

1. Introduction
Starch is considered an important item for the food processing industry in Japan. It is used as a binders, thickener, and
stabilizer in the food & beverage industry. According to statistical data of the Ministry of Agriculture, Forestry and Fisheries,
total starch consumption in Japan in 2017 was 2.6 million tons. Meanwhile, the starch production was 2.4 million tons, mainly
from potato and sweet potato. This shortfall in supply led Japan to import starch to cover the demand. In 2017, Japan accounted
for about 2.2% of the world starch imports and 10% of the world chemically-modified starch imports (OEC 2017).
One of the starches imported into Japan is sago starch. Sago starch is a starch obtained from the trunk of sago palm
(Metroxylon sagu Rottb.), which is called “sago yashi” in Japan. In Southeast Asia and Melanesia, sago starch has long been
used as a staple food (Takamura 1990) and a source of cash income for local communities (Chew et al. 1999). It produces high
yields of dry starch between 150–300 kg per plant (Ehara 2009; Konuma 2018) and can be cultivated in marginal lands such as
wetlands and peatland where other food crops cannot be grown economically. In 2017, Japan imported 13,546.8 tons of sago
starch from Malaysia, 77% of the total imported, and the rest from Indonesia (4,032 tons). In Japan, sago starch is used as
dusting flour for noodles, dumpling skins, starch sugar, and dextrin (Takahashi et al. 2015). Recently, sago starch has been
promoted as a healthy type of starch in Japan because it is gluten-free and non-allergenic. A study stated there is a possibility
that demand for sago starch will increase depending on how it is marketed, especially where the aging of the population and
preference for healthy foods are likely to continue (BFPRO 2016). Therefore, the import of sago starch will likely increase in
the future.
In order to secure stable sago starch imports, it is necessary to establish an information system regarding supply-demand,
and to promote food negotiation. However, the empirical studies on the import of sago starch in Japan are still limited. The
majority of the studies on sago starch that are available are concerned with cultivation, production management, and utilization
(Anugoolprasert et al. 2012; Ehara 2001; Trisia et al. 2017). Hence, this study investigates the key factors affecting the import
demand of sago starch in Japan for the period of 1978–2017. In the following section, we cover the data source and methodology
of our study. Empirical results are presented and discussed in Section 3, leading to our conclusions in Section 4.
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2. Material and Method
2.1 Model specification
The model adopted in this study is based on economic theory in the context of import for a country. Goldsten and Khan
(1974) and Khan (1985) stated that the import demand is determined by the amount of import demand, the price of the imported
product, and the country’s income. Furthermore, it has been used by researchers to examine the Japanese market for imports
through interaction between import demand, domestic real income, and import price (Tang 2008). Therefore, this study draws
from those references.
The main import demand model is only the quantity of import demand, domestic real income, and import price. However,
Hong (1999) stated that other factors could be incorporated within those factors theoretically. Other factors that have frequently
been suggested in the literature as the determinants of import demand include population, substitute product, foreign exchange
rate, domestic production. Thus, our first model integrates the real import quantity and price, GDP per capita, exchange rate,
aging population rate, and domestic production. Meanwhile, the quantity of imported cassava starch is added as a substitute for
sago starch in our model together with tariffication policy. The variables in the empirical model of the equation and its expected
effect were defined in Table 1. By assuming degree zero homogeneity and infinite supply elasticity, the sago starch import
demand functions can be estimated as per equation (1):
QS: f (SP, GDP, EXR, DPt–1, CSV, AGING, PL)

(1)

where QS is the quantity of sago starch import (ton), SP is the price of imported sago starch (yen/ton), GDP is the real income
per capita as representing real disposable income (yen), EXR is real foreign exchange rate, DPt–1 is lagged domestic starch
production (ton), AGING is the aging population rate (%) and CSV is the quantity of imported cassava (ton) respectively.
Finally, PL as a tariffication policy (dummy variable) is imposed on imported sago starch to account for unusual periods.
A double-logarithmic linear function is applied for modeling and determine the demand functions in this paper. Several
studies revealed that a double-logarithmic linear function was favored in import demand analysis models, such as import
demand for meat (Goktolga 2006), import demand for dairy products (Karkacier 2000), import demand for vegetable oil and

Table 1. Variable definitions for imported sago starch in Japan
Variable

Variable definition

SP

The real price of imported sago starch

Expected
effect
–

GDP

The real gross income domestic
product per capita

+

EXR

Foreign exchange rate

+

DPt–1

Lagged domestic starch production

–

CSV

The quantity of imported cassava
starch
A percentage of aging population rate
in Japan
Policy for tariff-rate quota on
imported starch (dummy, 0 = no
tariff-rate quota for 1978–1994, 1 =
tariff-rate quota for 1995–2017)

–

AGING
PL

160 | https://doi.org/10.24006/jilt.2020.18.4.159

+
+/–

Rationale
Price of sago starch affects
import demand

The real income that the average
Japanese consumer has at their
disposal per given year
Ability to import depending on
the currency of the country
Domestic starch production in
Japan in the previous year will
negatively affect product demand
Quantity of cassava starch
influences product demand
Elderly population size affects
market demand
Import quota system was
introduced by WTO in 1995,
which represents a change in the
policy regarding imports of
starch in Japan
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products (Kizilaslan and Kizilaslan 2006), import demand for wheat (Baiyegunhi and Sikhosana 2012; Uzunoz and Akcay
2009) and import demand for rice in Uganda (Hyuha et al. 2017). In addition, the double log specification is used to examine
the Japan’s horticultural import performance. This is because it is a compromise with the reality in Japan that involves business
activities of traders; hence, consumer behavior cannot generally be indicated (Honma 1991). The same behavior is observed in
sago starch imports in Japan. The sago starch import business is controlled by traders, which may not directly indicate consumer
preferences in the starch import business. Thus, a double-logarithmic linear function is suitable for this study. In addition, partial
regression coefficients give direct elasticity in the double-logarithmic linear function, so the result can easily be evaluated
(Akay et al. 2006). The double-logarithmic linear can be described in the form of equation (2):
In(y) = β0 + β1In(x)+ ε

(2)

in this equation, β1 is the elasticity of y with respect to x with the interpretation of β1 as %∆y = β1%∆x (Wooldridge 2013),
where log-transformed of y and x are commonly referred to as elastic in econometrics (Benoit 2011). In statistics, it is a common
way to transform variables into logarithmic to handle situations where a non-linear relationship exists between the independent
and dependent variables (Mehmanpazir et al. 2019). Logarithmic transformations are used to transform a highly skewed
variable into a more approximately normal variable (Benoit 2011).
The basic form of double-logarithmic linear is prevalent for estimating demand functions because of some convenient
properties of the estimates. Through Equation (1), several variables of import demand in the equation model (2) are added.
Thus, a double-log linear specification of sago starch import demand (QS) can be rewritten as equation (3):
Ln(QS) = β0 + β1Ln(SP) + β2Ln(GDP) + β3Ln(EXR) + β4Ln(DPt–1) + β5Ln(CSV) +β6Ln(AGING) + β7(PL) + ε

(3)

It is necessary to investigate the time series data that the variable was generated by a stationary process, homogeneity, and
multicollinearity. The statistical software STATA was then used for the estimation. Each variable was tested for a unit root using
an Augmented Dickey-Fuller (ADF) procedure with the null hypothesis shows the variable contains a unit root. Since dummy
variables can only take 0 or 1 values, thus, we did not test it for stationarity. The statistical result showed that the null hypothesis
was rejected for all variables at the 10% significance level (Table 2).
The theoretical properties of homogeneity (Breusch-Pagan/ Cook-Weisberg) and multicollinearity were then examined for
equation (3) as our first model. Although we accepted the null hypothesis that the variance of the residual is homogenous, the
Variance Inflation Factor (VIF) of function I and function II had very high multicollinearity for some of the independent
variables (Table 3). It was because some of the independent variables had the VIF values more than 5 and 1/VIF less than 0.10.
Therefore, we removed some of the highly correlated independent variables and rewritten the new function and double-log
linear model as per equation (4) and (5):
QS: f (SP, GDP, CSV, AGING, PL)

(4)

Ln(QS) = β0 + β1Ln(SP) + β2Ln(GDP) + β3Ln(CSV) + β4Ln(AGING) + β5 (PL) + ε

(5)

Table 2. Unit root test (Augmented Dickey–Fuller test) of variables
Variable
QS
SP
GDP
EXR
DPt–1
CSV
AGING

Statistic
–2.356
–1.388
–2.461
–1.473
–3.761
–3.053
–2.666

5% critical value
–1.687
–1.687
–1.687
–1.687
–1.687
–1.687
–1.687

10% critical value
–1.305
–1.305
–1.305
–1.305
–1.305
–1.305
–1.305

QS, import demand of sago starch; SP, price of imported sago starch; GDP, real gross income domestic product per capita; EXR, foreign exchange
rate; DPt-1, lagged domestic starch production; CSV, quantity of imported cassava starch; AGING, percentage of aging population rate in Japan.
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Table 3. Homogeneity and multicollinearity tests of several model functions
Function

Homogeneity

I. QS: f (SP, GDP, EXR, DPt–1, CSV, AGING, PL)

Chi-square (1) = 1.52
Prob > Chi-square = 0.218

II. QS: f (SP, GDP, EXR, CSV, AGING, PL)

Chi-square (1) = 0.22
Prob > Chi-square = 0.637

II. QS: f (SP, GDP, CSV, AGING, PL)

Chi-square (1) = 0.22
Prob > Chi-square = 0.643

Multicollinearity
Variable
GDP
DPt–1
EXR
PL
SP
CSV
AGING
GDP
EXR
PL
SP
CSV
AGING
GDP
PL
SP
CSV
AGING

VIF
25.18
9.53
6.69
3.90
2.59
1.96
1.47
10.49
6.22
3.60
1.78
1.53
1.42
4.34
3.60
1.72
1.38
1.35

1/VIF
0.0397
0.1049
0.1495
0.2561
0.3856
0.5111
0.6822
0.0953
0.1607
0.2778
0.5605
0.6529
0.7061
0.2314
0.2781
0.5814
0.7268
0.7423

VIF, variance inflation factor; QS, import demand of sago starch; SP, price of imported sago starch; GDP, real gross income domestic product per
capita; EXR, foreign exchange rate; DPt-1, lagged domestic starch production; CSV, quantity of imported cassava starch; AGING, percentage of
aging population rate in Japan.

The homogeneity and multicollinearity tests for the equation (5) finally showed that we accepted the null hypothesis that the
variance of the residuals is homogenous with no multicollinearity among the explanatory variables because the VIF values were
less than 5 and 1/VIF values were more than 0.10 (Table 3). Therefore, we used equation (5) as a final model for our further
estimation.

2.2 Data
Annual time-series data from 1978 to 2017 were used in this study. All price and quantity data for sago starch and cassava
starch were collected from Japanese trade statistical data of the Ministry of Finance. Sago starch is one of the agricultural
commodities that adopt the Harmonized Schedule (HS) code under the International Convention on Harmonized Commodity
Description and Coding System. In 1995, Harmonized Schedule (HS) codes of 1108.19.011, 1108.19.012, and 1108.19.019
were used for sago starch in international trade with the implementation of TRQ. Meanwhile, HS codes for cassava starch are
1108.14.010, 1108.14.020, and 1108.14.090. Data on aging population rate was collected from Statistical Bureau of Japan,
Ministry of Internal Affairs and Communications. Meanwhile, the real GDP per capita and foreign exchange rate were obtained
from the World Bank. Literature relevant to the field of study has also been investigated to supplement our research.

3. Results and Discussion
3.1 Sago starch import demand in Japan
Japan imported sago starch with a total average of 14,243 tons per year for 40 years (1978–2017). Sago starch is imported
in the dry form without any processing treatment, such as oxidation, and is called raw starch (nama denpun) in Japan (Takahashi
et al. 2015). Raw starch is then modified into oxidized starch (sanka denpun) through an oxidation process that exhibits lower
viscosity and retrogradation rate and improves its whiteness through a bleaching effect. The starch modified through the
oxidation method is widely used in food, such as dusting flour for noodles and dumpling skins (Takahashi et al. 2015).
Meanwhile, utilization of sago starch for non-food industries is still very limited. It is used for film formation and adhesion
properties when needed (Sondari et al. 2018).
Sago starch was considered the main Japanese import item, averaging 51% of total starch imports at the beginning of 1963–
1965 (Trowbridge et al. 1967). However, the import of sago starch decreased significantly after 1985 as it was replaced by
other starches such as corn starch. The import of sago starch reached a peak of 20,416 tons in 1979, falling dramatically to
162 | https://doi.org/10.24006/jilt.2020.18.4.159
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Figure 1. Sago starch import demand in Japan during 1978–2017.

6,968 tons in 1989 before increasing up to 2017 (Figure 1). The gradually increase in demand for sago starch after 1995 until
the investigation period was due to the increasing starch demand from Japanese food industries. As a result, imports increased
significantly from 8,194 tons in 1995 to 17,579 tons in 2017. Furthermore, when imported sago starch quantity was extremely
low in 1989, the total value of sago starch also fell to its lowest point at a total value of 194 million yen. The value of imported
sago starch gradually increased after 1995, with the highest value being 1.3 billion yen in 2015. Since sago starch is not actively
used as food in Japan, sago starch importation is considered small. Several studies have stated that quality issues, competition
with other starches, and insufficient demand for building factories locally in Japan are several reasons why the demand for
imported sago starch is limited (BFPRO 2016; Takahashi et al. 2015).
Japan has been using the tariff rate quota system (TRQ) since joining the WTO in 1995. This resulted in the implementation
of a tariff rate quota for starches under the implementation of the Uruguay Round Agriculture Agreement. Under tariffication,
Japan applied a general tariff rate of 140 yen/kg for importing raw starch. However, for sago starch, the tariff rate is about 25%
within the tariff quota and 119 yen/kg if it is outside the tariff quota following WTO agreement tariffs. Meanwhile, there is no
tariff applied when it is used for manufacturing sugar, dextrin, dextrin glue, soluble starch, roasted starch, and starch glue. In
addition to human consumption, sago starch can also be used for animal feed, but it is reported that there is almost no utilization
of sago starch for animal feed in Japan (Takahashi et al. 2015).

3.2 Determinants of import demand for sago starch in Japan
The raw dataset contained the annual value of each variable were created and then descriptive statistics of variables are
calculated (Table 4). Furthermore, the calculation of the double-logarithmic linear model showed that the R2 and adjusted R2 of

Table 4. Descriptive statistics of variables
Variable
QS
SP
GDP
CSV
AGING
PL

Mean
14,242.58
41,458.03
3,462,215
112,280.2
3.295
0.575

Std. dev
3,806.174
12,885.57
627,443.6
28,222.24
0.7964505
0.5006406

Min.
6,968
23,480
214,967,3
48,970
0.9
0

Max.
20,416
77,686
4,297,534
155,983
4.4
1

QS, import demand of sago starch; SP, price of imported sago starch; GDP, real gross income domestic product per capita; CSV, quantity of
imported cassava starch; AGING, percentage of aging population rate in Japan; PL, tariffication policy.
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Table 5. Estimated coefficient for sago starch import demand in Japan
Variable
SP
GDP
CSV
AGING
PL
Constant

Coefficient
.2794073*
–1.590088**
.2130343
–.2944141*
.5551886**
28.02893

R2
Prob > F

= 0.6536
= 0.0000

Std. err
.1211116
.314108
.1390349
.1109784
.1144567
4.196839

t-statistic
2.31
–5.06
1.53
–2.65
4.85
6.68
Adjusted R2
DW

p-value
0.027
0.000
0.135
0.012
0.000
0.000
= 0.6026
= 1.872

*

p<0.05, ** p<0.01.
SP, price of imported sago starch; GDP, real gross income domestic product per capita; CSV, quantity of imported cassava starch; AGING, percentage
of aging population rate in Japan; PL, tariffication policy.

estimated import demand of sago starch in Japan are 0.6536 and 0.6026, respectively (Table 5). The R2 implies that the estimated
model explained 65.4% of the variability in the import demand for sago starch. We applied the Durbin-Watson (d) test to
calculate the autocorrelation in this study. The result indicated no autocorrelation problem at 5% significant level with d value
of 1.872 (dL: 1.175 and dU: 1.854, thus d > dU) in the estimated model.
The coefficient of the variables in the function represents direct elasticity with four variables that are found to be significant
in affecting the demand for sago starch imports among a total of five independent variables. GDP per capita (GDP) and
tariffication policy (PL) are significant factors influencing sago starch imports in Japan at the 1% level. Meanwhile, the price
of sago starch (SP) and the aging population rate (AGING) have significant impacts at the level of 5%. The quantity of imported
cassava starch (CSV) is revealed to have no significant effect on sago starch import demand.
The variable of imported sago starch price is significantly related to the demand for sago starch imports in Japan. This result
is also consistent with the findings of Ahad et al. (2017), Dutta and Ahmed (2004), and Rehman (2007). The positive sign
suggests that a 1% increase in the import price of sago starch could result in about a 0.28% increase in the quantity of imported
sago starch. We assume that the relationship between sago starch price and demand is inelastic, which means although the price
goes up, sago starch import will remain to be done in order to meet consumption. A study by Takahashi et al. (1995) showed
that sago starch has very interesting characteristics, which are shared by both root-tuber starches and cereal starches. Sago
starch’s viscosity characteristics are similar to potato starch, but its gel properties are similar to corn starch. These characteristics
make sago starch suitable for noodles and dumpling skins, which are largely sold in Japan. BFRO (2016) stated that in 2012, a
Japanese starch manufacturer launched an alternative material to substitute sago starch due to the high price, yet the trend of
sago starch demand has been continuously rising. In addition, a study showed that noodle consumption, especially udon in
Japan will continually increase in the future, which means the demand for sago starch as dusting flour for noodles will still
exist in the future (Joetsu Starch Kabushikigaisha 2012).
Based on the results, the estimated coefficient of the gross income domestic product per capita (GDP) is significant to the
quantity of imported sago starch. The negative sign suggests that a 1% increase in GDP could result in about a 1.59% decrease
in the quantity of imported sago starch. This result is similar to a study in Malaysia where economic growth has a negative
relationship with imports (Sulaiman and Saad 2009) but contrary to the result of Hyuha et al. (2017). The situation where
income increases, but demand decreases could happen when the good is inferior. In terms of an inferior good, the demand
decreases because consumers will be more willing to spend on more costly or better substitutes as income increases (Mankiw
2011). Based on this, we can assume that if consumer income in Japan rises, they would be more inclined towards another
product (for example, kudzu starch) instead of sago starch, which is a little costly and well-known as healthy starch in Japan.
In addition, the contribution of sago starch is expected to be small in since it is not part of basic food expenses for Japanese.
Several studies have indicated that the rate of import growth is affected by the size of the country’s population (Alam et al.
2009; Faini et al. 1991; Feleke and Kilmer 2009). The Japanese population is characterized by a decreasing and highly aging
population. The elderly dependency ratio in Japan is the highest in the OECD, projected to increase by 73% in 2050 (OECD
2018), which will impact the demand for food in particular. The result showed that the variable of the aging population is
significantly related to the demand for sago starch imports in Japan. Although it is expected that that demand for sago starch
will increase when the aging of the population is rising, the result showed that the aging population rate has a negative
relationship with import demand. It showed that a 1% increase of the AGING variable would result in sago starch import to
164 | https://doi.org/10.24006/jilt.2020.18.4.159
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decrease by 0.29%. Notice that the AGING variable is already a percentage, which could mislead the reader. For example, if
we assume that the aging population rate is 10%, this figure should reach 10.1% for the AGING variable to increase by 1%.
Thus, resulting in a decrease of 0.29% in sago starch import. On the other hand, an increase in the aging population rate from
10% to 11% would result in an increase of the AGING variable by 10%. Therefore, accounting for a decrease of 2.9% in sago
starch import. The authors argue that unpopularity and limited access to sago products for older people are the main reasons
why sago starch demand decrease. Sago starch is mainly sold for food manufacturers and noodle restaurants. Therefore, no
particular product can be found at the retailer level and directed to older people. In addition, competition with other starches
and lack of promotion on sago starch as a healthy product resulted in low demand of imported sago starch for aging people in
Japan. We expect with better promotion and availability of various sago starch products will likely affect the demand for sago
starch in the future.
Based on Table 5, the estimated coefficient of a dummy variable for tariff-rate quota is significantly related to the quantity
of imported sago starch. It is well known that tariff-rate quotas are used as a trade barrier imposed on imported products to
protect domestic production (Ederington and Ruta 2016). In fact, several studies have mentioned that the high tariff rate is the
main reason for the small import volume (BFPRO 2016; Koo et al. 2001; Takahashi et al. 2015) although no tariffs to be applied
for imported sago starch that is used for manufacturing sugar, dextrin, soluble starch, and starch glue in Japan. The price of
imported sago starch for food purposed is raised by the tariff rate, which forces buyers to shoulder the whole burden of the
higher price. It could be the reason why Japanese traders tend to avoid importing more than the quota limits. However, Haraoka
(2011) and Pudjiastuti et al. (2013) argued that high tariffs would increase the prices of imports while allowing domestic
producers to sell their products at higher prices. It is widely known that the Japanese government established a maximum tariff
rate, calculated on the difference between domestic and international prices, to protect the local agriculture industry (Yamashita
2013), specifically the sweet potato and potato starch industries. The establishment of the Agricultural Products Price
Stabilization Act in 1953 and the adjustment of domestic production of potato starch and sweet potato starch policy in 1965
successfully promoted potato starch and sweet potato starch utilization in Japanese food industries (WTO 1988). Therefore, the
effectiveness of the Japanese governmental to protect domestic market through import restrictions and high tariff rate will
clearly have impact on sago starch import demand.
In terms of imported cassava starch, the estimated coefficient is not statistically significant to the demand of sago starch.
This result is similar to study from Hyuha et al. (2017) but contrary to the result of Baiyegunhi and Sikhosana (2012). The
quantity of imported cassava starch has not been proven to have an impact on the demand of sago starch since sago starch
import has continued to increase over the last few years. Cassava starch is the main Japanese starch import item, averaged 75%
of total starch imports from 1978–2017 with various utilizations in the Japanese industries such as an ingredient in sweets,
thickening stabilizer, and binding agent. Meanwhile, sago starch is only averaged 9.6% from total starch imports during the
same years. The different applications and purpose in the utilization on each starch could be the reason why cassava import
volume, whether increasing or decreasing, will not significantly affect the demand for sago starch in Japan.

4. Conclusion
Japan is one of the world's biggest importers of starches including sago starch. This study shows that the prices of sago
starch, GDP per capita, aging population rate as well as tariffication policy are significant factors influencing sago starch
imports in Japan. Since sago starch is not commonly sold at the retail level, we suggest that active promotion of its cooking
properties and health benefits should be undertaken in order to make sago starch more widely known. We also should consider
how sago starch can be economically attractive for the Japanese industries. In addition, improvement of sago starch quality and
product differentiation should be pursued to meet the quality standards of the purchaser and render it more competitive in
Japan’s import market.
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