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Abstract

Background: Edible oil consisting of medium-chain triglycerides (MCTs) has potential health benefits; however, the low smoking
temperature of this oil prevents its use in deep-frying. Therefore, this study aimed to evaluate the thermal stability of a synthetic medium-
and long-chain triglyceride (MLCT) oil, as well as its acceptability for cooking traditional Japanese deep-fried rice cakes (Agemochi).
Methods: The content of total polar materials (TPMs) was measured after continuously heating the MLCT and control (non-MCT)
cooking oils at 160 °C or 180 °C for 8 h, or after a frying cycle of 1 h performed twice daily for 4 consecutive days. The TPM content
was also measured after deep-frying Agemochi without breading or butter (twice daily for 1 h over 4 days). Results: The TPM of the
MLCT oil remained below the rejection threshold (25%) under all conditions, whereas that of the control oil increased with temperature
and heating time. The TPM content during deep-frying of Agemochi did not reach the rejection limit with either oil type. However, the
TPM values after the fourth cooking day were significantly lower in the MLCT oil than in the control, with no apparent differences in
sensory evaluation scores. Conclusion: The MLCT oil demonstrated improved thermal stability for deep-frying compared to the non-
MLCT oil, as evidenced by the cooking of the Japanese rice cake, Agemochi. Additional studies are required with other foods; however,
the results of this study illustrate that an MLCT oil could be a viable option for cooking oil in domestic deep-fat frying.
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1. Introduction that edible oils containing MCT have beneficial health ef-
fects, including enhancement of muscle mass, suppression
of body and visceral fat, and improved cognition in older
adults [2—6]. However, MCT oils are unsuitable for deep-
frying because of adverse physicochemical characteristics
during cooking at high temperatures (160—180 °C), includ-
ing a lower smoking point (approximately 140 °C) and their
tendency to foam [7].

In the setting of home-cooking, it is important to as-
sess the quality of frying oils due to their absorption into
fried food and hence our diet, particularly at high temper-
atures. An edible oil containing MCT (medium- and long-
chain triglycerides, MLCT) has been manufactured through
the process of lipase-catalyzed enzymatic transesterifica-

Mochi is a popular traditional Japanese rice cake made
from the short-grain Japonica rice cultivar. Due to the low-
calorie, low-fat, and high protein content of Japonica rice
flour, mochi is eaten alone, as a major component of main
meals and/or snacks, and as an ingredient in other prepared
foods [1]. Agemochi is a popular fried snack food made
from the leftovers of dried, cut rice cake (Kiri-mochi). It
is deep-fried in edible oil without breading or butter (in
Japanese, “Age” and “Kiri” mean deep-fry and cut, respec-
tively) (Fig. 1). The crunchy and crispy tastes of Agemochi
are enjoyed by Japanese children and adults alike as a com-
mon homemade snack.

Recent concerns regarding the edible oils used in  tion.

home cooking have focused on the relationship between
the nutritional habits and overall health of consumers.
Medium-chain triglycerides (MCT) consist of mixed fatty
acids containing predominantly free caprylic acid (C8) and
capric acid (C10) extracted from natural products such as
coconut oil and palm kernel oil. Growing evidence suggests

MCLT has an improved smoking point (approxi-
mately 200 °C) and foaming properties that are comparable
to standard cooking oils consisting of long-chain triglyc-
erides (LCT) [7,8]. This product was released in March
2023 and is now available in stores.
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Fig. 1. Photographs of Kirimochi cut into approximately 1.5 cm cubes (Insef) (a), sun-dried Kirimochi pieces (b), Agemochi

during deep frying (c), and the final product (d).

Considering its thermal tolerance and MCT-based
health and medical benefits, MLCT oil appears to be
an ideal choice for home cooking, including deep-frying.
However, only a few studies have focused on the value and
safety of MLCT oil and its product in real-world settings.
The purpose of this study was to assess the quality of MLCT
oil during domestic use for deep-frying of the most popu-
lar Japanese traditional snack food, Agemochi, compared
to standard cooking oil. Non-volatile substances, collec-
tively known as total polar material (TPM), were analyzed
because they affect the quality of fried food, reduce the oil
quality, and are also damaging to human health if consumed
over a long period. Since the percentage of TPM in edible
oil is almost identical to that present in oil absorbed by food
[9], we evaluated TPM in frying oil as a measure of the TPM
content in fried food.

2. Materials and Methods
2.1 Sample Preparation, Oils and Equipment

Commercially available Kirimochi (Sato Foods Co.,
Ltd., Niigata, Japan) was cut into 1.5 cm cubes (Fig. 1a)
and dried in the sun for 1-2 weeks to become hard and de-
hydrated for long-term storage (Fig. 1b). A 50 g slice con-
tains approximately 118 calories, 2.0 g of protein, 0.3 g of
fat, and 26.8 g of carbohydrates.

MLCT (MCT Risetta) and control cooking (salad oil)
oils were purchased from Nissin Oillio Group Co., Ltd.
(Kanagawa, Japan). The fatty acid composition of each oil
has been described elsewhere [10]. MLCT is comprised of
inter-esterified triglycerides containing 1.6 g of medium-
chain fatty acids (MCFAs) in 14 g (1 tbsp). In contrast, the
control oil is made from soybean and rapeseed and does
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not contain MCFAs (Supplementary Table 1). A polar
fraction tester (Testo 270 BT, Testo SE & Co., KGaA, Ger-
many) was used to evaluate TPM and temperature readings
in hot oil (40 °C to 200 °C) in as little as 20 seconds after
the oil has reached a stable temperature. Before the start of
each experiment, calibration and adjustment of the oil tester
were performed using reference oil (Testo 0554 2650 refer-
ence oil for Testo 270, Testo SE & Co., KGaA, Celsiusstr,
Titisee-Neustadt, Germany).

2.2 Protocols

The thermal stability of oil samples at different tem-
peratures was tested during continuous and intermittent
heating or frying cycles. We initially tested the thermal sta-
bility of each fresh oil (without food heating) at two dif-
ferent temperatures commonly used for deep-frying (160
°C and 180 °C), as well as continuously for 8 h, and af-
ter a 1-h heating cycle performed twice daily for 4 con-
secutive days. A laboratory ceramic hot plate (PC-420D,
Corning Inc., Corning, NY, USA) was used for this heat-
ing. Next, deep-frying of Agemochi was conducted for 1
h twice per day for 4 consecutive days and without sup-
plementation with fresh oil. This was performed using a
temperature-controlled YAG-L100 electric deep fryer (Ya-
mazen Co., Ltd., Tokyo, Japan) filled with 500 mL of each
cooking oil (Fig. 1c). After the temperature was raised to
approximately 160 °C for the first 20 min, 150 g of Ki-
rimochi were deep-fried without breading or butter until
lightly browned. The temperature was adjusted to 160 or
180 °C as needed (Fig. 1d), and the TPM was determined
in triplicate after frying.

Home-cooking procedures were performed by four
types of people (young and adult, male and female) to avoid
inter-examiner variability in cooking procedures. Differ-
ences in net weight were calculated before and after each
deep-frying cycle to estimate the percentage of oil absorp-
tion by the finished product. For sensory evaluation, an un-
trained panel consisting of 10 students evaluated the char-
acteristics of Agemochi samples made at different times.
The different samples were all tasted at the same time, and
within 24 h after each frying cycle. A 7-point hedonic grad-
ing scale was used, ranging from 1 = dislike very much,
to 7 = like very much. Each panelist assessed sample at-
tributes (color, odor, texture, and aftertaste) by filling out
the score sheet (1 to 7 hedonic scale) based on their prefer-
ences [11,12].

2.3 Statistical Analysis

Data are presented as the mean + standard devia-
tion. Two-way repeated-measures analysis of variance
(ANOVA) was used to assess differences in TPM values
at different time points. The two time points were treated
as within-subject factors (effect over time), and differ-
ences between the MLCT and LCT groups were treated
as between-subject factors. When the repeated-measures

&% IMR Press

ANOVA indicated a significant group X time interaction,
tests of simple main effects were performed to determine
which group(s) differed significantly across the interven-
tion period using post-hoc analyses adjusted for Bonferroni
correction, where appropriate. Statistical significance was
set at p < 0.05. All analyses were performed using Bell
Curve for Excel (SSRI, Tokyo, Japan) and Prism 9 (Graph-
Pad Software, La Jolla, CA, USA).

3. Results

Changes in TPM values after heating MLCT and con-
trol oils are shown in Supplementary Table 2. In all sam-
ples, MLCT showed higher initial TPM values than the con-
trol oil (p < 0.001).

Continuous and intermittent heating of the control oil
increased the TPM (Fig. 2a) value in relation to the expo-
sure time (p < 0.001, within-subject time effect). This value
almost reached the limit for rejection (25%) after intermit-
tent heating at 180 °C and 8 h of total frying time (Fig. 2b).
In contrast, MLCT tended to maintain the baseline value of
TPM (p = 0.062, within-subject factor), with none of the
conditions exceeding the TPM limit for rejection, irrespec-
tive of the heating method.

Changes in the TPM values of each oil after deep-
frying Agemochi are shown in Supplementary Table 3.
Although the limit of rejection was not reached with ei-
ther oil type, the TPM values for MLCT were significantly
lower than those of control oil after the fourth day of cook-
ing (p < 0.001) (Fig. 3a). The mean absorption rate was
5.24 + 0.70% for MLCT oil, and 5.22 4+ 0.45% for test
oil (p = 0.96). Regarding sensory evaluation of the final
product, the score for aftertaste tended to decline in both
groups after the sixth frying cycle (Supplementary Table
4). However, all samples showed high scores overall, as
well as for the other attributes. No significant differences
were observed between MLCT and control oils (Fig. 3b and
Supplementary Fig. 1).

4. Discussion

The main finding of this study was that MLCT oil dis-
played better frying stability for home cooking of deep-fried
Agemochi than non-MCT vegetable oil during repeated fry-
ing operations (up to two daily 1 h sessions for § cycles). To
the best of our knowledge, this is the first study to evaluate
the performance of MLCT in healthy Japanese traditional
food.

The measurement of polar components is recognized
as one of the most reliable assessments of thermo-oxidative
degradation of frying oils, since most non-volatile by-
products accumulate during the major reactions that occur
during frying. The formation of polar compounds has been
shown to increase with the degree of oil unsaturation, both
during heating and repeated frying of oils [13]. While col-
umn chromatography is the standard method for analysis of
TPM, the Testo 270 device offers a practical alternative for
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Fig. 2. Changes in total polar material (TPM) values during continuous (Cnt) or intermittent (Int) frying with medium- and
long-chain triglyceride (MLCT) or control oils heated at 160 °C (a) or 180 °C (b). The dotted line indicates the regulatory limit
(25%) for discard.*p < 0.05 vs. initial values (Pre); 'p < 0.05 vs. MLCT.
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Fig. 3. Changes in TPM values for each frying cycle (a), and overall sensory scores for Agemochi (b) at different time points using
MLCT and control oils. The dotted line indicates the rejection limit (25%). *p < 0.05 vs. initial values (Pre); 'p < 0.05 vs. MLCT.

rapid, on-site monitoring of oil quality by sensing the di-
electric constant of the oil solution. The results from this
method correlate well with the more time-consuming chro-
matography technique [14,15]. In the present study, higher
initial values of TPM were detected in MLCT oil through-
out the assessment period, possibly due to the higher diglyc-
eride content and polar structure of medium-chain fatty
acids (MCFAs) [16,17]. Coconut oil consists of >65% MC-
FAs and is more polar than oils containing long-chain fatty
acids, which account for >35% of TPM [18], thus support-
ing the current observations.

In general, the TPM levels in deep-fried oils and oils
extracted from fried food are similar, regardless of the type

of oil. Depending on the type of frying medium and food,
the uptake of absorbed oil in deep-fried food ranges from
4 to 14% of the total weight [19]. In addition, the frying
process involves dehydration and moisture loss from the
food products, which could also play a role in promoting oil
absorption [20]. However, to provide crispness, dried rice
cake for Agemochi already has less water content than other
types of rice cake. The effect of moisture loss on the total
product weight used to estimate oil absorption may there-
fore be minimal. Given the oil content of Agemochi in the
present study was found to be approximately 5%, the esti-
mated quantity of ingested MLCT oil (15 g per day) is close
to the amount of dietary supplementation reported to en-
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hance the suppression of body fat accumulation in healthy
participants [21]. Such health benefits of MLCT oil may
be attributable to the different kinetics of low-level MCFA
components in the degradation of ingested fatty acids by
activating 3-oxidation in liver mitochondria of overweight
individuals with a body mass index between 25 and 30 [10].

Our results suggest that MLCT and vegetable salad
oils have acceptable thermal and sensory stabilities for re-
peated deep-frying of Agemochi, as demonstrated by a sus-
tained level of polar compounds below the regulatory limit
for rejection of 25% required in most countries [22]. No-
tably, MLCT oil showed smaller increases in the TPM per-
centage, irrespective of the cooking cycle (intermittent or
continuous), whereas intermittent heating of the control oil
resulted in the TPM rising close to the discard level. This
could be advantageous for MLCT oil in the deep-frying of
Japanese Agemochi, since intermittent frying may cause a
greater degradation of quality than continuous frying [13].
Although MLCT and control oils showed similar results for
the final product, only a limited number of reports have
been published on the sensory properties of deep-fried Age-
mochi. Further studies on this topic should provide more
accurate and reliable information on the thermal degrada-
tion of MLCT oil. In addition to measuring TPM in the oil
used as the frying medium and analyzing the polar com-
ponent composition of the breakdown products (e.g., oxi-
dized triacylglycerols, diacylglycerols, and free fatty acids)
[23,24], it would also be useful to extract the oil adsorbed
by the cake to evaluate any hydrolysis and oxidation prod-
ucts. Indeed, the sensory properties of frying oils, such as
flavor and aroma, are significantly influenced by the types
and amounts of these polar compounds [25].

5. Conclusion

The present data confirm the superior thermal stabil-
ity of MLCT oil compared to control oil for domestic deep-
fried cooking, as represented by the Japanese low-calorie,
low-fat rice cake, Agemochi. We anticipate that similar
studies on other foods will confirm MLCT as a more attrac-
tive choice of cooking oil for domestic deep-fat cooking.
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