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ABSTRACT

Cocoa pod husk (CPH) is a good source of bioactive components such as phenolic compounds, which are
known to have potential as antioxidants. Research on the effects of postharvest storage conditions on
bioactive compounds of CPH is still limited. Therefore, this study aimed to evaluate the impact of postharvest
storage temperature (20, 30, and 40 °C) and time on the physical characteristics, phenolic compounds, and
antioxidants of CPH. The results indicated that storage for nine days reduced the color and moisture content
of CPH while the texture hardened (especially at 20 and 40 °C). Total phenolic compounds (TPC) increased
to 97.9% when CPH was stored at 20 °C for nine days, which was associated with an increase in catechin
content and antioxidant activity. The first-order kinetic model was suitable for predicting the kinetics of changes
in color, moisture content, hardness, TPC, and DPPH. The calculated Ea values indicated that the storage
temperature caused the color of CPH to change easily to brown and the catechin and caffeic acid compounds
to form easily. Overall, it is better to store CPH at 20 °C for nine days to increase the quality.

Keywords: Antioxidant activity; Cocoa pod husk; Phenolic compounds; Physical characteristic; Postharvest
storage

INTRODUCTION

Cocoa, Theobroma cacao L., is the most widely cultivated plantation commodity for commercial
purposes compared to 22 other Theobroma genera (World Agriculture, 2011). In 2020/2021, the total
world cocoa production is estimated at 5.024 million tons (International Cocoa Organization (ICCO),
2020). The area for cocoa production in Indonesia in 2019 reached 1,560,944 Ha, and 98% of it was
smallholder plantations (Directorate General of Estate Crops, 2020). The amount of cocoa processed
for commercial needs in the agro-industrial process will also impacttheamountofcocoa pod husk (CPH)
waste produced. CPH must be utilized because they are a source of phytochemical components that

can provide health benefits (from now on referred to as nutraceutical components) (Campos-Vega et
al., 2018). In addition, if the husk of the cocoa pod is not used, it will trigger the growth of diseases,
such as black pot rot, which can interfere with the production of cocoa plants due to the unpleasant
odor released. Generally, the husk of a ripe cocoa pod will be yellow. Then, the CPH can change
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color to brown due to drying during the postharvest process (Kamelia & Fathurohman, 2017).

CPH is known to have nutraceutical components, such as minerals, pectin, dietary fiber, and phe-
nolic compounds (Yapo et al., 2013). Dietary fiber and phenolic compounds are the most commonly

found among the four nutraceutical components (Rojo-Poveda et al., 2020). The high total dietary

fiber contained in CPH can be useful for preventing colon disorders and reducing the risk of coronary
heart disease and type 2 diabetes (Elleuch et al., 2011). In addition, phenolic compounds, especially

in CPH, are compounds known to have antioxidant properties (Lateef et al., 2016). The total dietary

fiber in the CPH can be used as a source to make antioxidant-rich fiber-rich foods so that it can com-
pensate for today’s modern foods that are vulnerable to free radical interference (Yapo et al., 2013).

Some phenolic compounds in fresh CPH include catechins, quercetin, epicatechin, gallic, coumaric,
and protocatechuic acid (Valadez-Carmona et al., 2017). The presence of these phenolic compounds

also makes CPH have added value for health compared to other dietary fiber sources (Perez et al.,
2015). However, the content of phenolic compounds in CPH can be influenced by several factors,
such as postharvest processing and storage.

Postharvest processes such as drying methods have been carried out on CPH, and the results
can affect the bioactivity of their phytochemicals (including phenolic compounds and dietary fiber)
(Nieto-Figueroa et al., 2020; Valadez-Carmona et al., 2017). Meanwhile, research related to storage

temperature conditions of fresh CPH has not been carried out, especially on the phenolic content
and their antioxidant activity. The proper storage condition greatly determined the success of sup-
pressing damage to phenolic compounds and antioxidant properties in dried Piper betle extract (Ali
et al., 2018). Other research (Sun et al., 2022) stated that storage at low temperatures could success-

fully prevent quality loss and increase the amount of a bioactive component (y-aminobutyric acid)
in coffee leaves. In addition, the content of phenolic compounds (anthocyanins) in red oranges can
also increase if the fruit is stored at low temperatures (Piero et al., 2005).

The antioxidant potential of phenolic compounds can decrease partly because of the heat factor.
Storage at temperatures that are too high can negatively affect the fruit’s physical characteristics
(weight, size, color, and shape) (Balasooriya et al., 2020). Besides, storage at high temperatures can

degrade the phenolic compounds contained in the material, thereby decreasing the antioxidant activ-
ity and shelf life (Kim et al., 2018). Meanwhile, storage at low temperatures may effectively inhibit

microbial growth and browning reactions, preventing the quality deterioration of fresh fruits and
vegetables (Wong et al., 2021; Zhong et al., 2023). Changes in food quality, such as color, enzyme

activity, and bioactive substances during storage and processing, can be assessed kinetically (Ling
et al., 2021). In this case, kinetic parameters can effectively predict changes in CPH quality dur-

ing postharvest storage. Since there is no information regarding the maximum postharvest storage
temperature of CPH, which can reduce the damage to its bioactive components, this study aimedto
evaluate the effect of different storage temperatures during storage time on physical characteristics,
levels of phenolic compounds, and antioxidant activity of CPH. Additionally, the kinetics of changes
in these quality parameters were investigated. This study will give valuable information for choosing
the ideal postharvest storage conditions for CPH.



MATERIALS AND METHOD
Materials

This research used cocoa pod husk (CPH) of the MCC-02 cocoa variety as a sample obtained
from the Sido Dadi Farmer Group in Gunung Kidul Regency, D.I. Yogyakarta, Indonesia, in Sep-
tember 2022. The chemicals used in this study included HPLC grade methanol, glacial acetic acid,
Folin—Ciocalteu reagent, methanol, and Na,CO, which were from Merck (Darmstadt, Jerman), and
catechin, caffeic acid, gallic acid and DPPH, Wh’iCh were from Sigma-Aldrich (St. Louis, MO, AS).

Preparation of Cocoa Pod Husk

The Cocoa pod was cut into two halves to remove the beans and pulp. The CPH obtained was
then washed with water three times to remove the remaining mucus. The CPH were stored at different
temperatures of 20, 30, and 40 °C for 1, 3, 5, 7, and 9 days in a storage box designed to use lights
to regulate the temperature at 30 and 40 °C, respectively, while the storage area at 20 °C used air-
conditioned room. Then, CPH were tested for their physical characteristics before drying at 40 °C for
24 hours. The dried CPH was then ground and sieved using an 80 mesh sieve (Miranda et al., 2020)

and stored under moisture-free conditions using a desiccator until chemical analysis.

Physical Characteristics of Cocoa Pod Husk

Physical characteristics measured on the stored CPH include color, texture (hardness), and mois-
ture content. The surface color was measured by a chromameter (Konica Minolta, Japan) performed
in the CIE L*a*b* system, and the total color difference AE was calculated according to Eq. (/).

, : : ; 1
AE = (Ll —L5)* + (aj —ap)® + (b] — Bp)? W

L a’ andb " are the color indexes of samples at different storage temperatures; L ", a ", and b"
are the color indexes of fresh CPH. The hardness test was performed by placing CPH on the universal
testing machine Zwick/Z0.5 (Zwick Roell, German) and then giving a compression pressure of 10
mm/minute until it deformed. The moisture content was determined gravimetrically according to
AOAC (2005), in which one gram of stored CPH was dried at 105 °C for 24 hours to determine the

moisture content. All the physical characteristics measurements were performed in three replicates.

Cocoa Pod Husk Chemical Analysis
Firstly, the dried CPH was extracted with 96% ethanol in a 1:20 ratio (w/v) at room temperature
for 48 hours in the dark (Dwipayanti et al., 2020). Subsequently, the solvent was evaporated at 40

°C at a pressure of 175 bar until a thick extract was obtained. Then, chemical analysis was carried
out in three replicates, including total phenolic compounds (TPC) measurements, DPPH scavenging
assay, and identification of phenolic compounds by high-performance liquid chromatography-diode
array detector (HPLC-DAD).

TPC of CPH extract was determined by following the Folin-Ciocalteu reagent assay described by
Sakanaka et al. (2003). A total of + 0.01 g of sample was dissolved in 85% methanol using a 5 mL
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volumetric flask, homogenized, and centrifuged at 3000 rpm for 15 minutes until the supernatant
was obtained. The supernatant was filtered to obtain a filtrate. 50 uL of the filtrate was pipetted,
then 350 pL of 85% methanol and 400 pL of Folin—Ciocalteu reagent, vortexed until homogeneous
and incubated for 6 minutes before 4.2 mL of 5% Na CO, solution was added. The samples were
incubated for 30 minutes at room temperature before reading the absorbance value at a wavelength
of A 760 nm. A standard curve was prepared using gallic acid (0.01 g/100 mL) with concentrations in
series 10, 20, 40, 60, 80, and 100 mg/L. Results were expressed as mg gallic acid equivalent (GAE)/
g sample on dry weight.

The antioxidant capacity was evaluated using the DPPH method described by Blois (1958). 50 puL.
of extract diluted in 99.9% MeOH was added with 450 pnLL MeOH and 3.5 mL DPPH (0.0039 g in
99.9% methanol solvent 100 mL), then mixed and stored in dark condition at room temperature for
30 min. The absorbance was measured at 517 nm by a spectrophotometer UV-Vis 10S (genesis). A
calibration curve was prepared using a standard of gallic acid (0.01 g/100 mL) with concentrations
series of 0, 2.5, 5, 10, and 20 ppm. Results obtained from triplicate analysis were expressed as mg
gallic acid equivalent (GAE)/ g sample on dry weight.

Phenolic compounds contained in CPH extract were identified using HPLC-DAD (Shimadzu
Corp., Kyoto, Japan), as Thorvaldsson et al. (2022) described. A sample of 1.5 mL was taken and
filtered with a 0.45 um nylon filter and then injected into the HPLC-DAD (Shimadzu Corp., Kyoto,
Japan). Phenolic compounds were separated on a C18 reverse phase column (5 um, 4.6 x 150 mm).

The mobile phase consists of two solvents: A: 2% acetic acid and 5% methanol in water and B: 2%
acetic acid and 88% methanol in water. The gradient profile was as follows (time, % solvent B):
0 min, 20%; 15 minutes, 100%; and 18 minutes, 100% at a flow rate of 1 mL/minute. The column
temperature was set at 30 °C. DAD (diode array detector) performs a comprehensive spectrum scan
(200-400 nm) to identify phenolic compounds. Compounds found in the samples were identified
by comparing their retention times and spectra with the standard compounds catechin and caffeic
acid. Specific wavelengths were used at maximum absorbance for the corresponding compounds for
quantification: 280 nm for catechin and 320 nm for caffeic acid. A standard compound concentration
of 100 ppm was used to measure compound concentrations.

Kinetics Analysis
The zero-order and first-order kinetic models (Egs. (2) and (3)) were used to describe the reaction

rate of quality changes in physical, phenolic components, and antioxidants of CPH during storage
(Deng et al., 2022; Sun et al., 2022).

Zero - order: f(x) = f(xg) —hx 2
First - order: f(x) = f(xy) exp (—kx) (3

Where x is the storage time; f (x,) is the initial quality value of the sample; f (x) is the quality
value of the sample at time x; k is the reaction rate constant. The Arrhenius equation (Eq. (4)) was
used to calculate the activation energy (Ea) of the sample quality.



k=A4Ax exp(—i—;j 4

Where A is the pre-exponential factor; R is the gas constant, 8.314 J/(mol-K); Ea is the activation
energy, J/mol; T is the absolute temperature, K.

Statistical Analysis

The results were expressed as the mean of triplicate analysis and standard deviation. One-way
analysis of variance was performed to determine whether there was a significant difference (p <0.05)
using Duncan’s test by SPSS software (version 25.0, IBM, SPSS Inc.).

RESULTS AND DISCUSSION
Effects of Postharvest Storage on Cocoa Pod Husk Physical Character-

istics
Color of Cocoa Pod Husk

Storage time had a significant effect (p<0.05) on cocoa pod husk (CPH) color, while differences
in storage temperature did not change significantly (p>0.05) (Table 1). All color parameters (L*,
a*, b*) decreased during storage. The L* (Lightness) value decreased by 54.5%, 55.3%, and 55.5%
at 20, 30, and 40 °C, respectively, until the end of the storage time, indicating that the skin color of
CPH became darker. The a* values decreased by 43.0%, 43.7%, and 44.1% at 20, 30, and 40 °C,
respectively, after 9 days, indicating a change in a red component of the chromatic diagram (L*, a*,
b*) in the red-green color scale. Meanwhile, a decrease in the value of b* (yellowness) by 83.4%,
88.6%, and 84.1% at 20, 30, and 40 °C, respectively, after 9 days, originated a change in the yellow
component. Overall, the husk color of the cocoa pods, which was initially yellow, gradually changed

to brown until the end of storage time with an average total color change (AE) of 50.77. The discol-
Table 1. Effects of postharvest storage on color parameters of CPH

Temperature Storage (d) L* a* b* AE

- FCPH* 56.42 + 0,542 22.47 + 2,502 45.03 £ 0.60? 0.00 + 0.00°

20 °C 1 53.14 + 2.70% 20.72 + 3.69° 43.83 £ 0.512 5.68 + 1.02°
3 40.95 £ 2.21¢ 17.54 £ 2,65P 31.14 £ 1.50¢ 21.47 £ 1.27¢
5 41.08 £ 2.65¢ 17.00 £ 1.47° 23.47 £ 0.16° 27.08 + 2.75¢
7 29.83 + 0.38% 13.29 £ 0.45% 12.07 + 0.59% 43.34 + 0.62f
9 25.67 £ 0.45¢ 11.38 £ 0.39¢ 7.46 £ 0.10" 49.36 + 0.469

30°C 1 51.17 £ 0.40° 20.50 + 2.84° 44,07 + 0.832 5.79 £ 0.02°
3 39.26 £ 0.72¢ 16.36 £ 1.29° 27.75 £ 2,07 25.18 + 1.60
5 37.69 + 1.20¢ 15.43 £ 0,98 15.75 + 0.54 35.48 + 1.38¢
7 29.15 £ 0.41°%f 13.22 £ 5.21 10.26 £ 2.03¢" 45.43 £ 2.37f
9 25.23 + 1.16f 11.24 £ 1,24¢ 5.15 £ 0.16 51.58 + 0.31¢

40 °C 1 51.50 £ 0.38° 18.72 £ 0.59° 39.33 £ 1.96° 8.50 £ 1,57°
3 31.52 £ 0.78¢ 15.45 £ 0,290 24.66 £ 1,27% 32.93 +1.43¢
5 28.92 + 0.72%f 14.52 £ 1.16° 14.18 £ 0.58% 42.10 + 0.68f
7 27.79 + 0.92%f 12.17 £ 0.30 11.71 £ 0.610 45.12 £ 1.10f
9 25.11 + 0.29f 11.16 £ 0.22¢ 7.14 £0.12" 50.44 + 0.14¢

Values are means + standard deviation. The values followed by different letters indicate a significant statistical difference (p < 0.05).
*FCPH represents fresh husks without storage, L* represents the brightness level, +a* represents redness, and +b* represents
yellowness.
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oration of the CPH was caused by cutting the cocoa pod tissue, leading to an enzymatic browning
reaction. Enzymatic browning may occur due to polyphenol oxidases (Sun et al., 2022). Similar
research was also reported by Guo et al. (2020), stating that oxidation of phenolic compounds was
observed on areca nut seeds during storage.

Meanwhile, there were no significant differences in the L*, a*, and b* values of CPH between
storage temperatures of 20, 30, and 40 °C at the same storage time (Table 1). The results obtained in
this study were similar to research on storage conditions of strawberries conducted by Ayala-Zavala
et al. (2004), reporting that storage temperature did not affect the color of the fruit. Still, there were
differences in the total phenolic content of the fruit.

Hardness and Moisture content of Cocoa Pod Husk

The hardness of CPH tended to increase significantly (p<0.05) at 20 and 40 °C but not at 30
°C (Figure 1A). At 30 °C, the CPH hardness was relatively stable or even tends to decrease. This
phenomenon was consistent with the moisture content at each storage temperature (Figure 1B). The
moisture content at temperatures of 20 and 40 °C decreased by 84.8% and 94.4%, respectively, while
at a temperature of 30 °C, it decreased by 55.4% during 9 days of storage. In line with the findings of
Miranda et al. (2014), this study showed that the hardness of CPH increased while moisture content
decreased during storage. The hardness behavior is consistent with that observed in beans after storage
and linked to texture changes caused by a variety of chemical processes, including lipid oxidation,
insoluble pectate production, protein-starch interaction, phytate loss, and changes to the cotyledon
cells connections and cell wall constituents (Alves et al., 2021; Demito et al., 2019). However, those
compounds were not identified in this experiment.
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Figure 1. Changes in physical characteristics of CPH during storage. A) Pod husk hardness,
N, Newton; B) moisture content.

Based on visual observations, during storage at 30 °C, fungal growth occurred after the third
day of storage, which was marked by the appearance of small dark lesions and white layers (Figure
2). However, at both 20 and 40 °C storage, no fungal growth was found until the ninth day. It was
strongly suspected that the small hardness value at 30 °C was caused by fungal growth converting
the components of cocoa into simpler molecules. Pathogenic fungi can secrete pectinase enzymes



Figure 2. Fungal contamination of CPH at 30 °C. A) Fresh CPH; B) fifth day of storage; C)
seventh day of storage; D) ninth day of storage.
responsible for breaking down intercellular tissue, with the highest activity obtained at 30 °C (Zhang
et al., 2018). Unfortunately, in this study, identification of the type of fungus that grew was not car-
ried out. According to Guest (2007), Phytophthora palmivora is a common decomposing fungus
found on CPH with symptoms beginning with small, hard, dark spots on the pod, and the optimum
temperature is between 29 and 30 °C (Brasier & Griffin, 1979). This fungus is a type of microbe that

reforms components by producing water (Wang et al., 1979), thus affecting the increase in moisture

content in CPH to be higher than other storage temperatures.
The increase in hardness value may be caused by lignification of CPH during storage, as reported
by Liu et al. (2023). The study revealed that the hardness of pomegranate seeds increased with longer

storage time due to lignification. Meanwhile, the moisture content decreased at temperatures above
20 °C because higher temperatures accelerated the rate of gas exchange and caused materials to be
more susceptible to water loss.

In addition, storage at 30 °C for 9 days had no significant effect (p>0.05) on the hardness of the
CPH. This showed that the cocoa pod tissue did not undergo significant morphological changes at
30 °C. The results obtained were similar to studies on the storage of areca nuts (Pan et al., 2021),

reporting that between temperature variations of 5, 10, and 25 °C, the storage temperature of 10 °C
did not cause significant morphological changes in areca nuts, while at 25 and 5 °C, lignification oc-
curred in the areca bean mesocarp tissue. An increase in lignin content was caused by natural aging
and cold stress, respectively. Besides, the high moisture content of CPH at 30 °C affected the growth
of fungi on the skin surface, which was observed from the fifth day of storage. Other research also
stated that the water available in the sample contributed to mold growth on the surface and caused
damage so that the shelf life was short (Guimaraes et al., 2021). Thus, it can be said that CPH stored
at 30 °C had a short shelf life due to physical damage caused by microbial growth.

TPC and DPPH Scavenging Activity

CPH was stored at 20 to 40°C for 9 days to investigate the impact of storage temperature on TPC
and antioxidant activity (Table 2). The total phenolic content (TPC) of fresh CPH in this study was
55.96 mg GAE/g. This value was lower than that reported by Yapo et al. (2013), which was around
60 mg GAE/g, and Dwipayanti et al. (2020) of 146.67 mg GAE/g, but higher than that reported by
Valadez-Carmona et al. (2017), which was 3.24 mg GAE/g. Those TPCs were due to differences in
growing conditions, climate, varieties (Dragovic-Uzelac et al., 2007), storage, and drying methods
(Deng et al., 2019).
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Table 2. Total phenolic compounds and antioxidant activity of CPH phenolic extracts during
storage period

Temperature Sample TPC (mg GAE/qg) DPPH (mg GAE/qg)
- FCPH* 55.96 + 4,592 107.66 £ 0.41¢
20 °C 1 58.26 £ 2.29%® 169.52 £ 2.85¢
3 182.11 £ 2,29 187.43 £ 3.66f
5 351.83 + 2.29% 364.86 + 0.41
7 1278.44 £ 20.64" 594.80 + 7.33™
9 2773.85 + 144.50’ 815.37 £ 0.81°
30 °C 1 108.72 £ 2,293 139.81 £ 0.81¢
3 237.16 + 6.88 303.41 + 2.44
5 459.63 £ 41.28° 225.28 + 5.70¢
7 168.35 £ 2,29 68.59 £ 1,22°
9 19.27 £ 9.172 4,70 £ 0.812
40 °C 1 163.76 £ 2.29 174.40 £ 4.48¢
3 434.40 £ 2.29° 292.02 + 4.88"
5 656.88 + 18.35f 385.21 + 0.41*
7 863.30 + 50.469 423.87 £ 0.81'
9 1434.40 £ 11.47 608.63 £ 1.63"

Values are means + standard deviation. The values followed by different letters indicate a significant statistical difference (p < 0.05).
*FCPH represents fresh husks without storage.

Table 3. Catechin and caffeic acid (ppm) content under different storage temperatures for 9 days

Storage Time

Storage Temperature

(Days) 20 °C 30 °C 40 °C
Catechin Caffeic acid Catechin Caffeic acid Catechin Caffeic acid

FCPH* 0.10 £ 0.012 9.12 £ 0,11° 0.10 + 0.012 9.12 £ 0.112 0.10 + 0.012 9.12 £ 0,112
1 13.02+£0.13* 16.64 +£0,80° 0.76 £ 0.67% 9.82 £ 0,05®  20.21 £ 0.62° 73.33+£1,72°
3 26.36 £0.39°  69.44 £ 0,54  4.47 + 0.69¢ 37.87 £1,16c 2168+ 1.87° 73.97 + 2.06°
5 30.78 £ 3.55°  63.40 £2,58¢ 27.67 £0.49¢ 43.00 £0,13¢ 52.06 + 1.41¢ 76.59 £ 0,69°
7 56.93 £ 2.58¢  60.21 £ 1,23¢  1.97 £ 0.04° 11.91+£0,12> 51.19 £ 1.16¢ 74,51 £ 5,53
9 67.95+0.83¢ 36.13+0,41c 0.62 + 0.42% 1193 £1.18° 60.99 £ 0.15¢ 75.80 £ 6.63°

Values are means + standard deviation. The values followed by different letters indicate a significant statistical difference (p < 0.05).
*FCPH represents fresh cocoa pod husks without storage.

During storage at 20 and 40 °C, TPC increased significantly (p<0.05) by 97.9% and 96.1%,
respectively, while at 30 °C it showed fluctuating value. This increase was thought to be due to the
activity of indigenous enzymes during storage. These enzymes may be able to release soluble phe-
nolics from bound phenolic compounds. This enzymatic reaction was likely to form intermediates
during phenolic oxidation, contributing to high antioxidant activity (Ihns et al., 2011). The same thing
was reported in a study on the storage of white rice (Walter & Marchesan, 2011), that the concentra-

tion of free phenolic acids in white rice increased significantly during storage due to the enzymatic
release of bound phenolic acids.

Based on HPLC analysis, there was an increase in the content of catechin by 99.84% and 99.82%
at 20 and 40 °C, respectively, while caffeic acid showed fluctuating values (Table 3). The change
in phenolic compounds was due to polyphenol oxidase activity. Polyphenol oxidase produced cat-
echins and lignin via the phenylpropanoid pathway (Campos-Vega et al., 2018), so the levels in Cof

increased. Meanwhile, lignin formation involved the formation of intermediate substances such as



caffeic acid (Ihns et al., 2011), so levels of CPH fluctuated.
In addition, the TPC obtained on days 7 to 9 at 40 °C was less than that obtained at 20 °C. This
was because phenolic compounds were more sensitive to high temperatures due to their unstable

structure (Ali et al., 2018). However, in this study, a storage temperature of 30 °C showed a much

lower TPC than a temperature of 40 °C because the growth of fungus on the surface of the CPH,
which was observed from the 5™ day of storage, was thought to have contributed to the decrease in
phenolic compounds as a result of physical damage caused.

The change in antioxidant activity is in line with the change in TPC. The higher the concentra-
tion of phenolic compounds contained in CPH, the more electrons can be donated to neutralize free
radicals to increase the antioxidant activity. Kohartono et al. (2014) also found that the ability of
black rice to capture DPPH free radicals tended to increase during storage. Thus, storage at 20 °C for
9 days was the best condition to produce the highest TPC of 2773.85 mg GAE/g and to maximize
the antioxidant potential of CPH.

Kinetics of Changes in The Quality Parameters of Cocoa Pod Husks

All of the observed parameters in this study were subjected to zero-order and first-order kinetic
simulations (Table 4) to describe the reaction rate of quality changes in CPH during storage. The
Table 4. Zero-order kinetic, first-order kinetic, and activation energy (Ea) of the changes in

color, moisture content, hardness, TPC, and antioxidant activity of CPH stored under
different temperatures and times

Parameter T (°C) - Zero ordeerkmetlcs = - First ord(;\rzkmetlcs = Ea (kJ/mol)

L* 20 3.42 0.96 0.09 0.96
30 3.92 0.91 2.67 0.09 0.92 2.73 1.38
40 3.46 0.80 0.09 0.85

a* 20 1.20 0.98 0.07 0.97
30 1.46 0.93 2.82 0.08 0.94 2.87 0.11
40 1.16 0.91 0.07 0.96

b* 20 4.49 0.99 0.20 0.96
30 6.26 0.97 2.89 0.22 0.96 2.92 0.37
40 4.30 0.93 0.21 0.99

AE 20 -5.64 0.98 -0.38 0.79
30 -7.40 0.98 2.85 -0.68 0.86 2.32 0.04
40 -5.61 0.89 -0.36 0.67

MC 20 8.75 0.94 0.24 0.94
30 3.66 0.98 2.86 0.05 0.98 2.91 10.93
40 8.82 0.94 0.33 0.98

Hardness 20 -5.88 0.69 -0.11 0.69
30 -1.42 0.73 2.32 -0.04 0.71 2.36 14.80
40 -10.24 0.90 -0.17 0.96

TPC 20 -272.55 0.79 -0.45 0.97 -12.34
30 -80.00 0.97 2.73 -0.41 0.98 2.85
40 -142.48 0.96 -0.32 0.89

Catechin 20 -7.28 0.97 -0.53 0.58
30 -5.31 0.81 2.67 -1.07 0.97 2.06 -4.73
40 -6.47 0.90 -0.51 0.51

Caffeic acid 20 -3.72 0.26 -0.15 0.41
30 -7.72 0.90 1.53 -0.36 0.99 1.76 -1.06
40 -4.68 0.37 -0.15 0.35

DPPH 20 -77.69 0.94 -0.22 0.98
30 -29.16 0.54 2.45 -0.18 0.64 2.54 -9.36
40 -51.32 0.97 -0.17 0.92

Note: k, rate constant; R?, coefficient of determination; 2R?, the sum of R?
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higher the value of the reaction rate constant k indicated a faster rate of changes in quality. By looking
at the higher value of XR?, it can be determined that all parameters were fitted better with first-order
kinetics, except AE. The activation energy (Ea) values of L*, a*, b*, AE, moisture content, hardness,
TPC, catechin, caffeic acid, and DPPH were 1.38,0.11, 0.37,0.04, 10.93, 14.80, -13.03, -4.73, -1.06,
and -9.36 kJ/mol, respectively. Zhou et al. (2009) explained that the reaction rate was quick if the
predicted Ea was less than 40 kJ/mol.

Subsequently, the negative value of Ea represents an exothermic reaction due to the formation

of phenolic compounds. It can be said that catechin and caffeic acid compounds tend to form while
CPH is stored because the Ea value was small. The total color change (AE) parameter of CPH also
showed the smallest activation energy value, meaning that the color parameter was sensitive to
changes. These results were comparable to those found for fruit (Deng et al., 2022) and leaves (Sun

et al., 2022), indicating that the color quality of CPH also decreased rapidly during storage.

Even though the color parameter of CPH changed quickly, other parameters, including hardness,
moisture content, bioactive components, and their antioxidant properties, were relatively good and
stable because the Ea value was large. As it is known, activation energy is the minimum energy
needed to result in a chemical reaction (Kumar et al., 2023). Thus, a large Ea value indicated that

the component was difficult to change. Therefore, the right storage conditions (temperature and
time) should be chosen to preserve the quality of CPH prior to processing. As a source of functional
food ingredients, it is preferable to keep CPH at 20 °C for up to 9 days, and it is not recommended
to store CPH for more than 5 days at 30 °C due to mold contamination. This study is still limited to
the storage time (9 days). It is hoped that future research can use a longer storage time.

CONCLUSIONS

Storing CPH at temperatures of 20, 30 and 40 °C for 9 days could reduce the color and moisture
content of CPH while storing CPH at temperatures of 20 and 40 °C for 9 days could increase the
hardness and the total phenolic content of CPH by 97.9% and 96.1%, respectively, which was related
to increasing catechin levels, thereby increasing their antioxidant properties, while storage at 30 °C
for 9 days could reduce both phenolic compound levels and antioxidant activity of CPH caused by
fungal contamination. In this study, the physical characteristics, phenolic compounds, and antioxi-
dant activity of CPH after postharvest storage were investigated for the first time. The results also
showed that changes in color index (L*, a*, b*), moisture content, hardness, TPC, caffeic acid, and
DPPH followed a first-order kinetic model. In contrast, the changes in catechin and AE followed a
zero-order kinetic model. The smallest Ea value for the color, caffeic acid, and catechin parameters
of 0.04, -4.73, and -1.06 indicated that the storage temperature caused the color of CPH to easily
change to brown and the catechin and caffeic acid compounds to be easily formed. CPH as a source
of quality functional food, and it is preferable to store CPH at 20 °C for 9 days.

ACKNOWLEDGEMENT
This work was funded by the Indonesia Endowment Fund for Education (LPDP) number
20200811303415, Ministry of Finance, Republic of Indonesia.



REFERENCES

Ali, A., Chong, C. H., Mah, S. H., Abdullah, L. C., Choong, T. S. Y., & Chua, B. L. (2018). Impact
of storage conditions on the stability of predominant phenolic constituents and antioxidant
activity of dried piper betle extracts. Molecules, 23(2), 1-15. https://doi.org/10.3390/mol-
ecules23020484

Alves, N. E. G., Gomes, M. J. C., Vasconcelos, C. M., Lima, A. C., de Lima, S. L. S,, Brito, E. S,,
Bassinello, P. Z., & Martino, H. S. D. (2021). Six months under uncontrolled relative humidity
and room temperature changes technological characteristics and maintains the physicochemi-
cal and functional properties of carioca beans (Phaseolus vulgaris L.). Food Chemistry, 342,
1-10. https://doi.org/10.1016/j.foodchem.2020.128390

AOAC. (2005). Official Methods of Analysis of the Association of Analytical Chemist. Association
of Official Analytical Chemist.

Ayala-Zavala, J. F,, Wang, S. Y., Wang, C. Y., & Gonzalez-Aguilar, G. A. (2004). Effect of storage
temperatures on antioxidant capacity and aroma compounds in strawberry fruit. Lwt, 37(7),
687-695. https://doi.org/10.1016/j.lwt.2004.03.002

Balasooriya, B. L. H. ., Dassanayake, K., & Ajlouni, S. (2020). High temperature effects on
strawberry fruit quality and antioxidant contents. 1278, 225-234. https://doi.org/10.17660
ActaHortic.2020.1278.33

Blois, M. S. (1958). Antioxidant determinations by the use of a stable free radical. Nature,
181(4617), 1199-1200. http://dx.doi.org/10.1038/1811199a0

Brasier, C., & Griffin, M. (1979). Taxonomy of Phytophthora palmivora on cocoa. Trans. Br.
Mycol. Soc., 72, 111-143.

Campos-Vega, R., Nieto-Figueroa, K. H., & Oomah, B. D. (2018). Cocoa (Theobroma cacao L.)
pod husk: Renewable source of bioactive compounds. Trends in Food Science and Technol-
ogy, 81, 172-184. https://doi.org/10.1016/j.tifs.2018.09.022

Demito, A., Ziegler, V., Goebel, J. T. S., Konopatzki, E. A., Coelho, S. R. M., & Elias, M. C. (2019).
Effects of refrigeration on biochemical, digestibility, and technological parameters of carioca
beans during storage. Journal of Food Biochemistry, 43(7), 1-11. https://doi.org/10.1111
jfbc.12900

Deng, L. Z., Pan, Z., Mujumdar, A. S., Zhao, J. H., Zheng, Z. A., Gao, Z. 1., & Xiao, H. W. (2019).
High-humidity hot air impingement blanching (HHAIB) enhances drying quality of apricots by
inactivating the enzymes, reducing drying time and altering cellular structure. Food Control,
96, 104-111. https://doi.org/10.1016/j.foodcont.2018.09.008

Deng, L. Z., Xiong, C. H., Pei, Y. P, Zhu, Z. Q., Zheng, X., Zhang, Y., Yang, X. H,, Liu, Z. L., & Xiao,
H. W. (2022). Effects of various storage conditions on total phenolic, carotenoids, antioxidant
capacity, and color of dried apricots. Food Control, 136, 1-10. https://doi.org/10.1016/].
foodcont.2022.108846

Directorate General of Estate Crops. (2020). Statistical of National Leading Estate Crops Com-
modity 2019-2021. Secretariate of Directorate General of Estate Crops, Ministry of Agricul-
ture, Republic of Indonesia.

Dragovic-Uzelac, V., Levaj, B., Mrkic, V., Bursac, D., & Boras, M. (2007). The content of polyphe-
nols and carotenoids in three apricot cultivars depending on stage of maturity and geographical
region. Food Chemistry, 102(3), 966-975. https://doi.org/10.1016/j.foodchem.2006.04.001

Dwipayanti, N. K. Y., Ganda Putra, G. P.,, & Suhendra, L. (2020). Karakteristik ekstrak kulit buah
kakao (Theobroma cacao L.) sebagai sumber antioksidan pada perlakuan perbandingan bahan
dengan pelarut dan waktu maserasi. Jurnal Rekayasa Dan Manajemen Agroindustri, 8(2),
210-222. https://doi.org/10.24843/jrma.2020.v08.i02.p06

Elleuch, M., Bedigian, D., Roiseux, O., Besbes, S., Blecker, C., & Attia, H. (2011). Dietary fibre
and fibre-rich by-products of food processing: Characterisation, technological functional-
ity and commercial applications: A review. Food Chemistry, 124(2), 411-421. https://doi.
org/10.1016/j.foodchem.2010.06.077

Guest, D. (2007). Black pod: diverse pathogens with a global impact on cocoa yield. Phytopa-
thology, 97, 1650-1653. https://doi.org/https://doi.org/10.1094/PHYTO-97-12-1650

Guimardes, R. M., Costa, L. M., Resende, O., Buranelo Egea, M., & Takeuchi, K. P. (2021).


https://doi.org/10.3390/molecules23020484 
https://doi.org/10.3390/molecules23020484 
https://doi.org/10.1016/j.foodchem.2020.128390
https://doi.org/10.1016/j.lwt.2004.03.002
https://doi.org/10.17660/ActaHortic.2020.1278.33
https://doi.org/10.17660/ActaHortic.2020.1278.33
http://dx.doi.org/10.1038/1811199a0
https://doi.org/10.1016/j.tifs.2018.09.022
https://doi.org/10.1111/jfbc.12900
https://doi.org/10.1111/jfbc.12900
https://doi.org/10.1016/j.foodcont.2018.09.008
https://doi.org/10.1016/j.foodcont.2022.108846 
https://doi.org/10.1016/j.foodcont.2022.108846 
https://doi.org/10.1016/j.foodchem.2006.04.001 
https://doi.org/10.24843/jrma.2020.v08.i02.p06
https://doi.org/10.1016/j.foodchem.2010.06.077 
https://doi.org/10.1016/j.foodchem.2010.06.077 
https://doi.org/https://doi.org/10.1094/PHYTO-97-12-1650

5 6 Planta Tropika: Jurnal Agrosains (Journal of Agro Science)
Vol. 12 No. 1 / February 2024

Commercial special bread: Evaluation of texture, color, moisture content, water activity
and nutritional labeling. Revista Brasileira de Agrotecnologia, 11(2), 158-162. https://doi.
org/10.18378/rebagro.v12i2.8870

Guo, Y., Pan, Y., Zhang, Z., & Zhang, W. (2020). Study on the browning mechanism of betel
nut (Betel catechu L.) kernel. Food Science and Nutrition, 8(4), 1818-1827. https://doi.
org/10.1002/fsn3.1456

Ihns, R., Diamante, L. M., Savage, G. P.,, & Vanhanen, L. (2011). Effect of temperature on the
drying characteristics, colour, antioxidant and beta-carotene contents of two apricot vari-
eties. International Journal of Food Science and Technology, 46(2), 275-283. https://doi.
org/10.1111/j.1365-2621.2010.02506.x

International Cocoa Organization (ICCO). (2017). Cocoa Daily Prices. Quarterly Bulletin. https://
www.icco.org/aboutus/icco-news/372-may-2017-quarterly-bulletin-of-cocoa-statistics.html

Kamelia, M., & Fathurohman, F. (2017). Pemanfaatan kulit buah kakao fermentasi sebagai
alternatif bahan pakan nabati serta pengaruhnya terhadap pertumbuhan ternak entok (Cai-
rina muschata). Biosfer: Jurnal Tadris Biologi, 8(1), 66-77. https://doi.org/10.24042/biosf.
v8il.1264

Kim, A. N., Kim, H. J., Chun, J., Heo, H. J., Kerr, W. L., & Choi, S. G. (2018). Degradation kinet-
ics of phenolic content and antioxidant activity of hardy kiwifruit (Actinidia arguta) puree at
different storage temperatures. Lwt, 89, 535-541. https://doi.org/10.1016/j.Iwt.2017.11.036

Kohartono, G., Maya, A., & Sri, P. (2014). The change of bioactive content and antioxidant ac-
tivities in java varieties organic black rice with polypropylene packaging during six months
storage. Journal of Food Technology and Nutrition, 13(2), 69-74.

Kumar, B., Singhal, A., & Nandkeolyar, R. (2023). Regression analysis and features of negative
activation energy for MHD nanofluid flow model : A comparative study. Propulsion and Power
Research, 12(2), 273-283. https://doi.org/10.1016/j.jppr.2023.02.005

Lateef, A., Azeez, M. A., Asafa, T. B., Yekeen, T. A., Akinboro, A., Oladipo, I. C., Azeez, L., Ojo, S.
A., Gueguim-Kana, E. B., & Beukes, L. S. (2016). Cocoa pod husk extract-mediated biosyn-
thesis of silver nanoparticles: its antimicrobial, antioxidant and larvicidal activities. Journal
of Nanostructure in Chemistry, 6(2), 159-169. https://doi.org/10.1007/s40097-016-0191-4

Ling, J. K. U,, Chan, Y. S., & Nandong, J. (2021). Degradation kinetics modeling of antioxidant
compounds from the wastes of Mangifera pajang fruit in aqueous and choline chloride/ascor-
bic acid natural deep eutectic solvent. Journal of Food Engineering, 294, 1-12. https://doi.
org/10.1016/j.jfoodeng.2020.110401

Liu, Q., Guo, X., Du, 1., Guo, Y., Guo, X., & Kou, L. (2023). Comparative analysis of husk mi-
crostructure, fruit quality and concentrations of bioactive compounds of different pome-
granate cultivars during low temperature storage. Food Bioscience, 52, 1-11. https://doi.
0rg/10.1016/j.fbio.2023.102400

Miranda, G., Berna, A., Gonzalez, R., & Mulet, A. (2014). The storage of dried apricots: The ef-
fect of packaging and temperature on the changes of texture and moisture. Journal of Food
Processing and Preservation, 38(1), 565-572. https://doi.org/10.1111/jfpp.12004

Miranda, P. M., Ganda Putra, G. P,, & Suhendra, L. (2020). Karakteristik ekstrak kulit buah ka-
kao (Theobroma cacao L.) sebagai sumber antioksidan pada perlakuan ukuran partikel dan
waktu maserasi. Jurnal Rekayasa Dan Manajemen Agroindustri, 8(1), 28-38. https://doi.
org/10.24843/jrma.2020.v08.i01.p14

Nieto-Figueroa, K. H., Garcia, N. V. M., & Campos-Vega, R. (2020). Cocoa by-products. In Camos-
Vega, R., Oomah, B.D. and Vergara-Castaneda, ~ H.A (Eds.) food wastes and by-products.
Nutraceutical and Health Potential, John Wiley & Sons Ltd., 12(1), 373-411. https://doi.
org/10.1007/s13749-013-0010-1

Pan, Y., Guo, Y., Huang, Q., Zhang, W., & Zhang, Z. (2021). Enzymatic browning in relation to
permeation of oxygen into the kernel of postharvest areca nut under different storage tem-
peratures. Food Science and Nutrition, 9(7), 3768-3776. https://doi.org/10.1002/fsn3.2341

Perez, E., M “endez, A., Leon, M., Hernandez, G., & Sivoli, L. (2015). Proximal composition and
the nutritional and functional properties of cocoa by-products (pods and husks) for their use
in the food industry, choc. Cocoa Byprod. Technol. Rheol. Styling, Nutr., 219-234.


https://doi.org/10.18378/rebagro.v12i2.8870
https://doi.org/10.18378/rebagro.v12i2.8870
https://doi.org/10.1002/fsn3.1456
https://doi.org/10.1002/fsn3.1456
https://doi.org/10.1111/j.1365-2621.2010.02506.x
https://doi.org/10.1111/j.1365-2621.2010.02506.x
https://doi.org/10.24042/biosf.v8i1.1264
https://doi.org/10.24042/biosf.v8i1.1264
https://doi.org/10.1016/j.lwt.2017.11.036 
https://doi.org/10.1016/j.jppr.2023.02.005 
https://doi.org/10.1007/s40097-016-0191-4 
https://doi.org/10.1016/j.jfoodeng.2020.110401
https://doi.org/10.1016/j.jfoodeng.2020.110401
https://doi.org/10.1016/j.fbio.2023.102400
https://doi.org/10.1016/j.fbio.2023.102400
https://doi.org/10.1111/jfpp.12004
https://doi.org/10.24843/jrma.2020.v08.i01.p14
https://doi.org/10.24843/jrma.2020.v08.i01.p14
https://doi.org/10.1007/s13749-013-0010-1
https://doi.org/10.1007/s13749-013-0010-1
https://doi.org/10.1002/fsn3.2341 

Piero, A. R. L., Puglisi, I., Rapisarda, P., & Petrone, G. (2005). Anthocyanins Accumulation and
Related Gene Expression in Red Orange Fruit Induced by Low Temperature Storage. J. Agric.
Food Chem, 53(23), 9083-9088. https://doi.org/10.1021/jf051609s

Rojo-poveda, O., Barbosa-pereira, L., Zeppa, G., & St, C. (2020). Cocoa bean shell — a by-
product with nutritional. Mdpi, 12, 1-29.

Sakanaka, S., Tachibana, Y., & Okada, Y. (2003). Preparation and antioxidant properties of
extracts of japanese persimmon leaf tea (kakinoha-cha). Food Chemistry, 89(4), 569-575.
https://doi.org/10.1016/j.foodchem.2004.03.013

Sun, Y., Huang, Y., Lu, T., & Chen, X. (2022). Temporal kinetics of changes in color, phyto-
chemicals, y-aminobutyric acid, enzyme activity and antioxidant activity of coffee leaves
during postharvest storage. Scientia Horticulturae, 304, 1-11. https://doi.org/10.1016/].
scienta.2022.111360

Thorvaldsson, M., Mutmainah, N., Briliantama, A., Rahmawati, S., Priyanto, A., Setyaningsih,
W., & Information, A. (2022). Experimental design-assisted optimization of chromatographic
method for the simultaneous quantitation of phenolic compounds in dried flowers extract.
3(2), 83-91. https://doi.org/10.33555/jffn.v3i2.88

Valadez-Carmona, L., Plazola-Jacinto, C. P.,, Hernandez-Ortega, M., Hernandez-Navarro, M.
D., Villarreal, F., Necoechea-Mondragdn, H., Ortiz-Moreno, A., & Ceballos-Reyes, G. (2017).
Effects of microwaves, hot air and freeze-drying on the phenolic compounds, antioxidant
capacity, enzyme activity and microstructure of cacao pod husks (Theobroma cacao L.). In-
novative Food Science and Emerging Technologies, 41, 378-386._https://doi.org/10.1016/].
ifset.2017.04.012

Walter, M., & Marchesan, E. (2011). Phenolic compounds and antioxidant activity of rice. Brazil-
ian Archives of Biology and Technology, 54(4), 371-377. https://doi.org/10.1590/S1516-
89132011000200020

Wang, D. J. C., Cooney., C. L., Deman., A. L., Numphrey, A. E., & Lilly, M. D. (1979). Fermenta-
tion and Enzyme Technology. John Willey and Sons, Inc.

Wong, J. X., Ramli, S., Desa, S., & Chen, S. N. (2021). Use of Centella asiatica extract in re-
ducing microbial contamination and browning effect in fresh cut fruits and vegetables dur-
ing storage: A potential alternative of synthetic preservatives. Lwt, 151, 1-10. https://doi.
0rg/10.1016/j.lwt.2021.112229

World Agriculture. (2011). Systematics, Anatomy and Morphology of Cacao. www.agrotechno-
market.com

Yapo, B. M., Besson, V., Koubala, B. B., & Koffi, K. L. (2013). Adding value to cacao pod husks
as a potential antioxidant-dietary fiber source. American Journal of Food and Nutrition, 1(3),
38-46. https://doi.org/10.12691/ajfn-1-3-4

Zhang, Z., Dong, J., Zhang, D., Wang, J., Qin, X,, Liu, B., Xu, X., Zhang, W., & Zhang, Y. (2018).
Expression and characterization of a pectin methylesterase from Aspergillus niger Z15 and its
application in fruit processing. Journal of Bioscience and Bioengineering, 126(6), 690-696.
https://doi.org/10.1016/j.jbiosc.2018.05.022

Zhong, H., Wei, S., Kang, M., Sun, Q., Xia, Q., Wang, Z., Han, Z., Liu, Y., Liu, M., & Liu, S. (2023).
Effects of different storage conditions on microbial community and quality changes of greater
amberjack (Seriola dumerili) fillets. Lwt, 179, 1-9. https://doi.org/10.1016/j.lwt.2023.114640

Zhou, Wei, Tang, Yu, Xie, Huan, Liu, Cha, Yang, Dajian, Chen, & Xinzi. (2009). Kinetics and
thermodynamics of absorption of ganciclovir by ion exchange resin. J. Chin. Pharm., 17,
1327-1331.


https://doi.org/10.1021/jf051609s
https://doi.org/10.1016/j.foodchem.2004.03.013
https://doi.org/10.1016/j.scienta.2022.111360
https://doi.org/10.1016/j.scienta.2022.111360
https://doi.org/10.33555/jffn.v3i2.88
 https://doi.org/10.1016/j.ifset.2017.04.012
 https://doi.org/10.1016/j.ifset.2017.04.012
https://doi.org/10.1590/S1516-89132011000200020 
https://doi.org/10.1590/S1516-89132011000200020 
https://doi.org/10.1016/j.lwt.2021.112229
https://doi.org/10.1016/j.lwt.2021.112229
https://doi.org/10.12691/ajfn-1-3-4
https://doi.org/10.1016/j.jbiosc.2018.05.022
https://doi.org/10.1016/j.lwt.2023.114640 

