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ABSTRACT: Calabash fruit (Crescentia cujete L.) is one of the herbs cultivated in Indonesia. Calabash fruit has nutrients,
including choline, required for neurotransmitter synthesis in neuronal cells. However, the choline levels in fresh fruits
decrease during storage. Therefore, there is a need to isolate choline and maintain its level during storage. This study
aimed to analyze the effects of extraction, fermentation, and storage processes on the level of choline derived from the
calabashh fruit. Calabash fruits were classified into three groups: group I (fresh fruit), group II (extracted), and group
III (fermented). All groups were stored in the refrigerator at 4 °C. Their choline content was measured using liquid
chromatography-tandem mass spectrometry on days 0, 5, and 10 after storage. The data were analyzed using the
Statistical Package for Social Sciences version 26. The result showed that the calibration curve equation of choline was
y = 3.15e + 5x + 2.0e+4, with R2 = 0.998 and a linear regression of concentration range of 0-24 ng/mL. The processing
of calabash fruits using extraction or fermentation decreased the choline level (p < 0.05). However, the product produced
during extraction and fermentation of the calabash fruit had better stability regarding its choline levels after 10 days of
storage compared with that of the fresh calabash fruit (p < 0.05). Therefore, the calabash fruit extraction and fermentation
processes can bind choline and maintain its stability after storage. The extraction and fermentation produce products
containing pure choline with minimum interfering compounds that affect its stability.
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1. INTRODUCTION

Calabash fruit (Crescentia cujete L.) is a tropical fruit in the Bignoniaceae family distributed in Asia, Africa,
and South America [1]. Furthermore, the calabash fruit has been cultivated in Indonesia. In Indonesia, the fruit
is known as Buah Maja, Bila, or Berenuk [2]. Calabash fruit is popular in Indonesia and is associated with the
legendary Majapahit kingdom. Locals in Indonesia use the calabash fruit as an unregistered herb or “jamu”
against circulatory disturbances and as an anticancer, anthelmintic, antidiabetic, anti-inflammatory agent,
wound healing promoter, and a source of antioxidants [3].

The potential benefits of the calabash are due to its biochemical contents, such as flavonoid, saponin,
tannin, hydrogen cyanide, phenols, cardenolide, tartaric acid, and phytosterols [4]. Antioxidant compounds
from calabash have been used as antibacterial agents in Litopenaeus vannamei against Vibrio alginolyticus, Vibrio
harveyi, and Vibrio parahaemolyticus due to their mechanism as immune-protectants in activating hyaline, semi-
granular, granular, and hemocyte cells of the vanamei shrimp [5]. A previous study conducted by Anitha and
Nazeema [6] reported that calabash fruit prevents neurotoxicity in neuroblastoma cells. The effectiveness of the
calabash fruit in protecting neuronal cells is probably due to it containing choline [6]. However, no studies
have explored the choline content of the calabash fruit. Therefore, it is essential to determine the choline
content of the calabash fruit to determine its neuroprotective ability.

Choline (2-hydroxyethyl-trimethyl-ammonium salt) is essential for muscle, liver, and brain functions
[7]. Choline is required for neurotransmitter synthesis in neuronal cells. Choline can be found in salmon, meat,
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milk, mushrooms, fresh vegetables, and fruits, including calabash [8]. However, choline from herbs is
degraded during preservation and storage [9]. The decrease in nutrition occurs because of the catalytic
activities of different enzymes and the transduction of ethylene-related processes within vegetables and fruits
[10]. Based on the illustration above, this study aimed to analyze the effects of extraction, fermentation, and
storage processes on the levels of choline derived from calabash fruits.

2. RESULTS

2.1. Chromatogram and calibration curve of choline using liquid chromatography-tandem mass
spectrometry (LC-MS/MS)

A chromatogram of choline obtained using the LC-MS/MS method is shown in Figure 1. The retention
time observed using this method was 2.35 min. The calibration curve equation used in liquid chromatography
for the separation of choline was y = 3.15e + 5x + 2.0e+4, with R2 = 0.998 and linear regression of the
concentration ranging between 0-24 ng/mL (Figure 2). The chromatogram of the analyte peak area (count
area) for fresh, extracted, and fermented calabash fruits was 4.02e + 005, 9.61e + 004, and 2.92e + 005,
respectively. Furthermore, the analyte peak heights for fresh, extracted, and fermented calabash fruits were
1.64e + 004, 3.90e + 003, and 1.12e + 004, respectively. The chromatograms of choline from the extracted and
fermented calabash fruits are shown in Figures 3A and B.
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~ Figure 1. Chromatogram of choline.

Figure 2. Calibration curve of choline.
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Figure 3. Chromatogram of choline from the extracted (A), and fermented (B) calabash fruit.
2.2. Choline levels from fresh, extracted, and fermented calabash fruits after storage

The present study showed that fresh calabash fruits had the highest choline level (149.33 + 3.21 mg/kg)
compared with those of extracted and fermented fruits (Table 1), indicating that fresh calabash fruits can be
used as a source of natural choline for humans. Processing through extraction and fermentation of the calabash
fruit decreases the choline content. However, the fermented calabash fruit had 110.33 + 5.03 mg/kg choline,
which was almost similar to that in fresh calabash fruits, indicating that the fermentation process can still be
used to isolate choline from calabash. However, the extraction group had the lowest choline levels (Table 1)
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compared with those of other groups. Additionally, storing in the refrigerator at 4 °C significantly decreased
the fresh calabash fruit choline level (p < 0.05), but had no significant effect on extracted and fermented
calabash (p = 0.05 [Table 1]). The decrease in choline levels in fresh calabash fruits occurred on day 5 of storage
and worsened on day 10. Contrastingly, there was no significant decrease in choline levels in the extracted
and fermented calabash on days 5 and 10 of storage, indicating that the extraction and fermentation processes
maintained the stability of the isolated choline.

Table 1. Choline levels in fresh, extracted, and fermented calabash fruit after 10 days of storage in a
refrigerator at 4 °C.

Group Choline level (mg/kg) £ SD

Day -0 Day -5 Day -10
I 149.33 +3.2]a.a 142.33 £ 2.51b.a 138.00 +1.73¢a
I 3.42+0.13a b 3.42+0.13a b 3.38 +0.17a b
I 110.33 +5.03a ¢ 110.33 +5.03a ¢ 109.00 + 3.60a.

SD Standard of deviation.

I Fresh calabash fruit.

II  Extracted calabash fruit.

III  Fermented calabash fruit.

abc Different superscripts in the same row and column indicate significant differences.

The residual choline percentage in fresh calabash fruits decreased significantly (p < 0.05) after storage.
Contrastingly, the extracted and fermented calabash fruits showed no significant difference in the percentage
of residual choline after storage (p = 0.05). Storing in a refrigerator at 4 °C reduced choline levels in the fresh
calabash fruit, which reached 7.57% after 10 days (Table 2). However, the choline percentage in extracted and
fermented calabash fruits ranged from 0.99-1.16% on day 10.

Table 2. Percentage of residual and reduction in choline level from fresh, extracted, and fermented calabash
fruits after 10 days of storage in a refrigerator at 4 °C.

Group Percentage of residual choline level after storage Percentage reduction of choline level after

(%) £SD storage (%) = SD

Day -0 Day -5 Day - 10 Day -0 Day -5 Day - 10
I 100.00 £ 0.00aa 9531 +0.59ba  92.42+0.85¢2 0.00+0.0022  4.68 +0.59a 757 +0.85¢a
I 100.00 £ 0.00aa  100.00 £ 0.00a>  99.00 £1.72ab  0.00 + 0.0022  0.00 £ 0.00a>  0.99 +1.72ab
I 100.00 £ 0.00aa  100.00 £ 0.00a>  98.83 +1.32ab  0.00 + 0.00a=  0.00 £ 0.00a>  1.16 +1.32ab

SD Standard of deviation.

I Fresh calabash fruit.

II  Extracted calabash fruit.

III  Fermented calabash fruit.

abc Different superscripts in the same row and column indicate significant differences.

3. DISCUSSION

Choline is an essential nutrient for human metabolism, particularly for activiting the neuronal system.
Choline can be synthesized by the body and is supplied through food. Calabash contains high choline levels,
which generally decrease after storage. A preservation process is required to stabilize choline in the calabash
fruit. Extraction or fermentation are the main processes for isolating and stabilizing choline.

Extraction is a process that separates components from a mixture based on their solubility. In the present
study, solvent extraction was performed by maceration. This process depends on the extraction procedure,
polarity, and particle charge of the organic component [11] and the properties of the herbs. The decrease in
choline levels in calabash fruits after the extraction process is due to the drying and Soxhletation process of
the calabash before maceration. The drying process causes evaporation and component damage, particularly
for choline, consistent with a previous study that showed that thermal conductivity reduces choline levels in
water-soluble specimens [12]. Therefore, when conducting the heating process for isolating choline from
calabash or other fruits, future researchers should not make the same mistakes.
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Furthermore, the choline level from water-soluble ingredients decreases during intermittent heating,
including pasteurization [13]. Pasteurization is generally conducted at 272 °C for 15 s, whereas Soxhletation is
conducted at 69 °C for several hours. Therefore, Soxhletation is suspected of causing choline loss and
degradation. Another factor contributing to the decrease in choline levels during extraction is its solubility.
Choline is a water-soluble nutrient that can be easily degraded by heating [14]. Therefore, the decrease in
choline levels can be attributed to the evaporation of choline along with water and other water-soluble
components.

In the present study, the choline lost during the extraction process was similar to that lost during
fermentation. However, the choline loss during fermentaion was not as high as that during the extraction
process. During fermentation, several compounds are partially oxidized, and energy from the natural elements
is released [15]. Moreover, vegetables and fruits are perishable; therefore, fermentation becomes an essential
food processing technique in food preservation processes. After fermentation, phenolic compounds can be
separated [16]. The fermentation of calabash fruits can allow binding of higher amounts of choline than
extraction process because the fermentation process does not involve the heating process like extraction.

Furthermore, the present study proved that storage decreases choline levels in fresh fruits, consistent
with a previous study conducted by Wang et al. [17] which showed that choline level in various plants is
reduced to 20% during storage at 25 °C. Furthermore, the choline level in fresh calabash fruits in the present
study decreased significantly on days 5 and 10 after storage at 4 °C, consistent with a previous study that
showed a slight decrease in the nutritional contents of fresh vegetables and fruits during storage in the
refrigerator at 4 °C [18]. Another report exhibited that the freezing procedure considerably decreased the
nutrient content of fresh vegetables [19].

Contrastingly, extraction and fermentation processes did not considerably decrease choline levels. We
suspected that the decreased choline levels could be correlated with the purity of the product produced
through extraction and fermentation. A previous study showed that pure caffeoylgluconic acid has better
quality and stability than its mixture product [20].

The purity of the choline product derived from the extraction and fermentation of calabash is influenced
by the interfering compounds that impair and react with choline. Choline is degraded by cholinesterase, which
is naturally contained in fruits [21]. The occurrence of cholinesterase in fresh fruit products may decrease
choline levels. Kiczorowski et al. [22] found that the fermentation process in some fruits causes a relative
decrease in some nutrients and biochemical compounds, but increases vitamins and fat, maintains their
stability, and extends shelf life. Moreover, the fermentation process decreases the pH and heavy metals in
fruits, preventing the oxidation of some nutrients, including vitamins, consistent with results from the present
study. Processing fresh vegetables and fruits is important in maintaining the integrity and stability of their
nutritional value. However, studies exploring the choline level in calabash after fermentation and extraction
are still limited, and further studies are required.

4. CONCLUSION

The extraction and fermentation processes of calabash fruits can be used to bind choline and maintain
its stability after storage at 4 °C. This is because extraction and fermentation produce products containing
purer choline with minimum interfering compounds that impair its stability. The stability of choline in
fermentation and extraction products could be due to a decrease in the pH and heavy metals that prevent
oxidation. Fermentation can be used as an alternative preservation method for separating and stabilizing
choline from calabash fruits.

5. MATERIALS AND METHODS

5.1. Species authentication of the Calabash fruit

The calabash species were determined at the Herbarium Bogoriense, Direktorat Pengelolaan Koleksi
Ilmiah BRIN Cibinong, West Java, Indonesia. The calabash fruit was identified as Crescentia cujete L and
authenticated with registration number: B-1446/1V/DI.05.07 /5/2022.
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5.2. Calabash fruit collection and processing

Calabash was obtained from the botanical garden of the University of Wijaya Kusuma Surabaya,
Indonesia. Fresh and green calabash fruits with a diameter of 44.98 + 2.34 cm were harvested between 08.00-
09.00 a.m. (Surabaya time: UTC+7), and transported to the laboratory for subsequent measurements.

5.3. Research design

The collected calabash fruits were divided into three groups: group I, fresh; group II, extracted; group
111, fermented fruits. Calabash fruits in group I were washed with tap water and stored in the refrigerator at 4
°C. The calabash fruits in group II were extracted using alcohol, and those in group III were fermented. All the
extraction and fermentation products were stored in the refrigerator at 4 °C for 10 days. Choline levels in all
groups were measured using LC-MS/MS. The test was conducted on days 0, 5, and 10 of storage.

5.4. Fresh calabash fruit treatment

Harvested fresh calabash fruits were transported to the Laboratory of Pharmacology, Faculty of
Veterinary Medicine, University of Wijaya Kusuma Surabaya, East Java, Indonesia, washed with tap water,
dried using tissue paper, and stored in a refrigerator at 4 °C.

5.5. Calabash fruit extraction

Before extraction, calabash fruits were washed with tap water, peeled, and dried at 25 °C. The calabash
fruit was macerated with 70% alcohol (1:4). The maceration was conducted thrice, and the macerate was
evaporated at 69 °C using a Soxhlet evaporator (Buchi R-100; Soxhlet, Buchi, Indonesia). Evaporation was
performed until a thick calabash-fruit extract was obtained [23]. The thick extract obtained during the
extraction process was 126.66 + 7.84 g/kg and was stored at 4 °C.

5.6. Calabash fruit fermentation

The calabash fruits were washed with tap water and peeled. The fruit pulp was then fermented using
the following composition: water: pulp: sugar: pectinase (Pectinex Ultra AF-P, Novozymes, London, UK) at a
weight ratio of 1,000:400:40:40. The mixture was stored in a bottle at 25 °C for 30 days.A gauze was used as a
seal on the mouth of the bottle. The mixture was manually stirred every 24 h. On the final day of the
experiment, the supernatant of fermented calabash was collected, placed in a sterile glass bottle, and stored in
a refrigerator at 4 °C.

5.7. LC-MS/MS

LC-MS/MS (SCIEX Triple Quad 5500+, SCIEX, Framingham, MA, USA) was used to determine the
choline content of fresh, extracted, and fermented calabash fruits. The LC-MS/MS procedure was modified
based on a previous study [24]. Each specimen measured 10 mg, and 200 pL of 50 mM hydrochloric acid was
added to it. The samples were vortexed for 5 min for homogenization. The extraction procedure was repeated
thrice for each specimen. The supernatant was diluted 100-fold with the mobile phase and filtered through a
0.45 pm pore-syringe filter (Biochem Life Sciences, New Delhi, India). Liquid chromatography separation was
conducted using YMC Triart-PFP (YMC America, St Devens, MA, America), and the column was set at 40 °C.
The mobile phase was made at 50% concentration (v/v), consisting of methanol containing 0.01% formic acid.
The flow rate of this procedure was 0.5 mL/min, and the injection volume was 50 pL. Furthermore, mass
spectrometry was performed in the positive mode with electrospray ionization. The choline transition mode
within the mass/charge ratio was 104.2 to 60.2. The amount of choline in the samples is presented as mg/kg.
LC-MS/MS was performed in triplicate for each specimen per period.

5.8. Validation

The choline standard solution was diluted using the mobile phase and adjusted to 0.00, 4.00, 8.00, 12.00,
16.00, 20.00, and 24.00 mg/kg. Each standard solution was analyzed using LC-MS/MS. The generated peak
area and concentration of each standard were transformed into a regression line, and linearity was evaluated
using R2 (Rental software, Santa Monica, CA, USA). Data precision was analyzed using relative standard
deviation.
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5.9. Data analysis

All data are presented as mean * standard deviation. Statistical analysis was performed using two-way
analysis of variance at p <0.05 significance level. If the data showed significant differences, they were analyzed
using Duncan’s test. All statistical procedures were conducted using Statistical Package for Social Sciences
version 26 (IBM Corp, NY, USA).
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