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Abstract. This study examined changes in the qualities of foam-mat dried powder (FDP) and
spray-dried powdered (SDP) processed from pomelo (Citrus maxima (Burn.) Merr.) peel extract
during accelerated storage. Four storage conditions were stimulated at different temperatures
(50 °C, 70 °C) and relative humidities (70 %, 90 %). During accelerated storage, the moisture
content, total phenolic content (TPC), and Trolox equivalent antioxidant capacity (TEAC) of
powders were decreased while the powder's color was increased, suggesting that phenol
oxidation occurred. Out of those four indexes, only the changes in TPC and TEAC of both FDP
and SDP were observed to be in relationship with time and can be fitted in the first-order kinetic
model. By calculation, the k-value of those models and the shelf-life of FDP and SDP can be
estimated using the Qi value. At the normal storage condition (30 °C, RH 90 %), SDP was
predicted to have longer shelf life than FDP (138 days > 128 days). The shelf-life of products at
some available conditions was also estimated in this study for future reference.

Keywords: accelerated storage, Citrus maxima (Burn.) Merr., foam-mat dried powder, phenol oxidation,
spray-dried powdered.

Classification numbers: 1.2.1,1.3.1,2.5.1.
1. INTRODUCTION

Pomelo (Citrus maxima (Burn.) Merr.) is a tropical fruit popularly grown in the Mekong
Delta, Viet Nam [1, 2]. Like other citrus fruits, pomelo has a high proportion of peel, weighing
up to 50 % of the total fruit [1]. Recently, bioactive compounds from pomelo peel have evoked
great interest due to their potential health benefits, which were reported to have antioxidant,
antibacterial, anti-diabetes, and anti-hyperglycemic activities [2-4]. The compounds responsible
for these properties, such as hesperetin, naringenin, eriodictyol, and synephrine [4, 5], can
quickly deteriorate in normal conditions. Thus, to preserve the stability of those molecules when
withdrawn from the plant matrix, the method of extraction and conservation of the bioactive
compounds must be studied and carefully handled.

Several studies were performed to extract and encapsulate pomelo peel’s bioactive
compounds. For Da Xanh cultivar, the extraction with ethanol 40° at the ratio of 1:1 (w/v) at
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90 °C for 2 minutes and the removal of solvent by rotary evaporation at the absolute pressure of
160-180 mbar was determined to be the most effective to retain the quality of the extract [6].
Microencapsulation of pomelo peel bioactive compounds by spray-drying was proved to be
adequate to protect the core materials from deterioration [7]. Alternative approaches, such as
freeze-drying or foam-mat drying, can also create microencapsulation effects [8]. Although
much research focuses on the production of deterioration, little to none studies the stability of
the final products.

Instead of long-term storage, which can be extended up to 2 years, accelerated storage can
be performed to reduce the required time. Many kinetic parameters, such as reaction rate
constant, half-life, temperature coefficient, and activation energy, are often used to evaluate the
thermo-sensitive compounds in foods [9, 10]. The first two parameters assess changes in the
concentration of a quality attribute over time under constant temperature conditions [9]. In
contrast, the latter two describe how the rate of change of that attribute varies with temperature
[10]. Several authors mention that the stability of many bioactive compounds obeys the first
order of reaction [11-15]. Thus, kinetic modeling can be employed to predict the self-life of
bioactive products [12, 16].

This study examined changes in the qualities of foam-mat dried powder (FDP) and spray-
dried powdered (SDP) processed from pomelo (Citrus maxima (Burn.) Merr.) peel extract
during accelerated storage. The results can be used to predict the shelf-life of the products. In
the Mekong Delta, Viet Nam, high production of pomelo fruits leads to the disposal of large
amounts of pomelo peel. The revealed findings should aid in developing functional products as
well as tackling the overburden of agricultural waste from pomelo peels.

2. MATERIALS AND METHODS
2.1. Materials

Peels of Da Xanh pomelo were collected from facilities in the Mekong Delta of Viet Nam
that focused on minimal processing. The fruits originated from the Ben Tre area in Vinh Long
province (Viet Nam), where they have been granted a geographical indication by the local
government.

For use in the preparation of encapsulation powder, several food-grade additives were
employed. RMD (resistant starch type V, GI < 10) was provided by the Essential Flavours
Vietnam Company (Viet Nam). Pectin (from apple, DE 70-75 %) was purchased from Sigma-
Aldrich (USA). B-cyclodextrin (BCD) was supplied by Shanghai Zhanyun Fine Chemical Co.,
Ltd. (Shanghai, China). Gum arabic (GA) was supplied by HiMedia (Mumbai, India), and
Tween 80 was obtained from Xilong (Guangdong, China).

Ethanol (99.5 % v/v), used as the extraction solvent, was purchased from CEMACO (Ho
Chi Minh City, Viet Nam).

For analytical purposes, Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid),
2,2-diphenyl-1-picrylhydrazyl (DPPH), and Folin—Ciocalteu (FC) reagent were supplied by Merck
(Darmstadt, Germany). Gallic acid was also obtained from Sisco Research Laboratories Pvt. Ltd.
(Mumbai, India). All other chemicals were of high-purity analytical grade.
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2.2. Methods

2.2.1 Extracting bioactive compounds from pomelo peel

Water-soluble bioactive compounds from the Da Xanh pomelo peel were extracted
according to the method given by To & Nguyen [6]. Fresh pomelo peel was shredded, soaked
into an equal amount of 40 % ethanol solution (80-90 °C), and heated to 85-90 °C for 2 min.
The mixture was then pressed, and the liquid fraction was recovered. Ethanol was removed from
the solvent using rotary evaporation equipment (RV 10 digital V, IKA, Selangor, Malaysia),
which set the absolute pressure at 160—180 mbar and the temperature at 65 °C. The process was
stopped when approximately 85 % of the total weight was lost. 1 % diatomite (w/w) was then
added pomelo peel extract (PPE) and the mixture was filtered through the Whatman filter paper
(grade 4: 20-25 pm).

2.2.2. Microencapsulation by spray drying

The spray drying process of PPE was carried out according to To et al. [7]. Firstly, 50 g of
the PPE was mixed with 26.33 g RMD, 0.46 g pectin, 2.65 g B-cyclodextrin, and 3.14 g GA.
The mixture was then stirred, diluted with water to 30 °Bx, and homogenized at 7513 g for 5
min [17]. The obtained liquid was preheated to 60 °C before being loaded into a laboratory-type
spray dryer (DHSL.SD303; DHSLKOREA, Seoul, Korea). The spray drying inlet and outlet
temperatures were fixed at 180 °C and 65 °C, respectively, according to Baysan et al. [18]. The
obtained spray-dried powdered (SDP) was directly collected from the collector and packed in
mPET pouches at the weight of 10 g per sample.

2.2.3. Microencapsulation by foam-mat drying

Foam-mat drying process of PPE was carried out according to Tran [8]. The mixing
process was carried out as described above but with 19.83 g RMD, 0.41 g pectin, 2.05 g BCD,
3.00 g GA, and 0.675 g Tween 80. The mixture was also stirred and homogenized at 7513 g for
5 min. Then, 0.68 g Tween 80 was added to the obtained liquid, followed by whipping till the
foam was stable (no changes in total volume). The foam was evenly spread onto Teflon papers
(0.09 g/cm?), put in a convectional air dryer, setting the temperature at 60 °C, and dried till no
changes in total weight. Dried foam samples were then milled and sized (< 60 mesh). The
obtained foam-mat dried powder (FDP) was also packed in mPET pouches at the weight of 10 g
per sample.

2.2.4. Physicochemical analysis

Moisture content was determined by the difference in weight before and after drying at
105 °C until reaching constant weight [12].

The color of the powder was measured the same way as the tea color, according to
Sinijaand Mishra [19]. 1 g of power was added to 9 mL of water (to reach 1:10 dilution). The
absorbance of the filtrated liquid was then measured at 460 nm using a spectrophotometer (S60,
Biochrom, USA) and multiplied by 10 for the final results.

Solubility in hot water: The solubility was evaluated in accordance with TCVN
12459:2018 standard [20]. A 2.5 g of sample was dispersed in 150 mL of boiling water and
stirred gently for 30 seconds. Complete dissolution without any visible sediment was considered
indicative of satisfactory solubility.
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Particle size: Determine following the method described by Pathania et al [21].
1 g of the powder was dispersed in 10 mL of canola oil, and particle dimensions were measured
using a calibrated ruler under a light microscope (Model BB.4260, Euromex, Duiven, Netherlands).

2.2.5 Phenolic contentand encapsulation efficiency

To determine total phenolic content, the FC assay was employed according to the method
given by Siddiqua et al. with modifications [22]. First, 1 g of powder was dissolved in 9 mL of
distilled water. The liquid (0.1 mL) was then mixed with 1.5 mL of 1:9 diluted Folin-
Ciocalteu’s phenol reagent, followed by 4 mL of sodium carbonate (20 %, w/v) and distilled
water to achieve a total volume of 10 mL. The mixture was allowed to stand for 30 min in the
dark at room temperature, and then the absorbance was measured at 738 nm using a
spectrophotometer (S60, Biochrom, Massachusetts, USA). The polyphenol content was calculated
as mg of gallic acid equivalents per gram of dry matter (DM) based on a standard curve.

For surface phenolic content (SPC), 1 g of sample was dissolved in 9 mL of
ethanol:methanol (50:50 v/v) instead of water [23]. Phenolic content of the supernatant liquid
was also quantified by the reaction with FC reagent as the method described above.

Encapsulation efficiency (EE, %) was then calculated by TPC and SPC [23] by Eq. (1).

EE(%) = “——>=x100 % (1)

2.2.6 Antioxidant capacity

The AC in the extract was determined by DPPH assay by the method described by Soto et
al. and slightly modified [24]. First, 1 g of powder was dissolved in 9 mL of distilled water.
Then, 4 ml of DPPH 0.1 mM in ethanol solution was mixed with 0.1 mL of sample, and ethanol
was added up to 5 mL. Kept the mixture for 30 minutes in the dark and measured its absorbance
at 517 nm using a spectrophotometer (S60, Biochrom, Massachusetts, USA). To determine the
calibration curve, the absorbance values at 517 nm of some concentrations of Trolox were
measured. Results were expressed as pmol of Trolox equivalent antioxidant capacity (TEAC)
per gram dry matter based on a standard curve.

2.3. Accelerated storage test

Fourteen individual sample pouches (14 x 10 g) were placed in a glass jar containing a
single 7 g silica gel desiccant pack [25]. The jar was then sealed with an aluminum sheet glued
to the mouth, followed by a lid made of painted iron, and were stored in desiccators maintained
at 75 % and 90 % relative humidity (RH) (external to the packaging) to simulate two typical
storage conditions encountered in tropical regions—standard room conditions and high-
humidity environments [12]. To maintain 75 % RH, saturated sodium chloride (NaCl) was
placed at the bottom of the jar, while for 90 % RH, distilled water was used [12]. The
desiccators were then placed in a climate-controlled chamber (Model MLR-352, PHCbi, Tokyo,
Japan) and maintained at 50 °C and 70 °C for a duration of 42 days.

The kinetic of degradation of suitable index(es) can be evaluated by the first order reaction
as according to Kuck et al. [14] as expressed in Egs. (2) and (3):

C: = Co(exp(-kt) )
In(Cy/Co) = -kt 3)
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where C; is concentration at different times (t), k is the constant rate and Cy is the concentration
at time zero.

The half life (ti2) and the temperature coefficient (Qi0) were calculated according to Eqgs.
(4) and (5) [12]:

tan = In(2)/k “4)
Qu= (sz/le)IO/(TZ—TI) (5)
where kr> and kr; represent the kinetic rate constant at 60 and 40 °C, respectively.

The shelf-life of a product is defined as the time period over which 90 % of the initial
concentration of the medicine remains stable [26, 27]. Thus, based on the experimental data
obtained in this study, a specific bioactive component will later be selected as the indicator for
shelf-life estimation.

2.4. Statistical analysis

To study the changes of quality in accelerated storage conditions, assays from powders
were used in a one-way completely randomized design. Data were submitted to analysis of
variance (ANOVA) and means comparison by the LST test using a significance level p < 0.05.
The graphics were generated by Excel 2016 software. The experiments were repeated three
times.

3. RESULTS AND DISCUSSION
3.1. Characteristics of FDP and SDP
Although both FDP and SDP were produced using the same extract (PPE), they underwent
different drying methods. This variation led to differences in the physicochemical properties of

the resulting powders, as summarized in Table 1.

Table 1. Physico-chemical characteristics of pomelo powder.

Parameters FDP” SDP**

Moisture content (%) 4.71£0.19 3.79+0.21

Particle size (um) 70,0-650,0 1,0-8,0

Solubility in hot water Complete dissolution in 30 s Complete dissolution in 30 s
Color 1.64+0.02 1.63+0.05

TPC (mg GAE/g DW) 5.57+0.03 5.19+0.01

SPC (mg GAE/g DW) 0.66+0.01 1.153+0.02

EE (%) 88.15+0.16 77.78+0.09

TAEC (ug TE/g DW) 100.54+1.30 88.13+3.30

* FDP: foam-mat dried powder; **SDP: spray-dried powdered (SDP).

The most prominent difference between the two powders was particle size. The FDP,
produced via the foam-mat drying method, exhibited particles with irregular surfaces, larger
sizes, and a broad size distribution ranging from 70.0 to 650.0 um. A similar variation in particle
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size resulting from foam-mat drying had been reported by Brar ef al. [28]. In contrast, the SDP
produced through spray drying consisted of spherical or near-spherical particles, with diameters
ranging from approximately 1.0 to 8.0 um, which was in agreement with the findings of
Aliakbarian et al. and Zanoni et al. [21, 29, 30]. In general, smaller particle sizes result in a
higher surface area-to-mass ratio, which enhances water removal during drying. In this study,
the FDP exhibited a moisture content of 4.71 %, which was higher than that of SDP (3.79 %),
yet both values comply with TCVN 12459-2018 standards for Pure instant coffee (< 5 %) [20].
The low moisture content of both FDP and SDP supports better preservation by minimizing
physicochemical and microbiological degradation. Both powders also met the solubility
standard for pure instant coffee, as they completely dissolved in boiling water within 30 seconds
[20]. Additionally, both samples displayed similar color characteristics, as evidenced by
comparable optical density values upon dissolution in water. When stored, according to TCVN
12459:2018, the color of instant powders should remain close to the original appearance of the
raw material.

For bioactive compounds, both the FDP and SDP were rich in polyphenols. The TPC of
FDP was 5.57 mg GAE/g DW, slightly higher than that of SDP, which was measured at 5.19 mg
GAE/g DW. Correspondingly, the FDP also exhibited a higher TEAC of 100.54 ug TE/g DW,
compared to 88.13 ug TE/g DW for SDP. This may be attributed to the lower additive content
in the FDP formulation. In addition, the FDP also showed a lower surface total phenolic content
(STP) of 0.615 mg GAE/g DW, which contributed to a higher encapsulation efficiency (EE).
The smaller surface area-to-mass ratio of FDP particles, due to their lager particle size, likely
enhanced the protection of phenolic compounds within the particle matrix. A higher EE
suggesting that SDP may offer greater stability during storage compared to FDP [7, 8, 23].

Although the TPC and TEAC are not included in current quality standards, they are critical
indicators of the functional quality of the product and should be routinely monitored during
production and storage. Thus, to ensure the quality of the dried powder, four key
physicochemical parameters should be closely monitored: moisture content, color, total TPC,
and TEAC.

3.2. Changes in quality of FDP and SDPduring accelerated storage

To evaluate quality changes during accelerated storage, moisture content, powder color,
TPC, TEAC of FDP and SDP were monitored, and the results are presented in Figure 1 and
Figure 2, respectively.

Results in Figure 1(a) showed that the moisture content of FDP decreased during storage
time. The moisture content of powders can be affected by environmental conditions and, in
most cases, should be increased [31, 32]. However, this research showed no sign of moisture
absorption of the sample despite the relative humidity of over 70 %. It showed that the dual
package (glass and mPET) was effective in protecting the sample from the environment. The
same trend was also observed in the storage of SDP, in which the moisture content was
unchanged or even decreased during storage (Figure 2(a)).
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Figure 1. Changes in quality of FDP during accelerated storage: a) Moisture content; b) Color (in
absorbance at 460 nm); c) Total phenolic content TPC; d) Trolox equivalent antioxidant capacity TAEC.
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Figure 2. Changes in quality of SDP during accelerated storage:
a) Moisture content; b) Color (in absorbance at 460 nm);
c) Total phenolic content TPC; d) Trolox equivalent antioxidant capacity TAEC.
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The observed reduction in moisture content may be attributed to the moisture-absorbing
effect of the silica gel desiccant pack placed in each storage jar. According to the manufacturer,
silica gel can absorb water approximately 25 % to 40 % of its own weight. Therefore, a 7 g
silica gel packet is capable of removing approximately 1.75 g to 4.9 g of water, potentially
contributing to the reduction in the sample’s moisture content. As shown in Figures 1(a) and
2(a), the moisture content of both FDP and SDP remained relatively stable during the initial 4-8
days of storage. This observation is consistent with Fick’s Law, which suggests that moisture
transfer requires time to reach equilibrium—a process that proceeds more slowly in a closed
system with static air and a larger headspace volume. A similar trend was reported by
Amarakoon and Navaratne [25], in which the weight of silica gel packs was monitored and
found only a slight increase during the first 8§ weeks of storage, followed by a more rapid weight
gain between weeks 8 and 12. Additionally, in the same study, 100 g of rice crackers stored with
a 5 g silica gel packet (equivalent to the ratio used in this experiment) exhibited only a minor
moisture increase—from 2.43 % to 2.74 % over 8 weeks—further supporting the effectiveness
of silica gel packs in maintaining low moisture levels during storage.

However, despite the minimal changes in moisture content, the powder’s color increased
during storage, expressing the changes of color from yellow-green to brown in both cases of
FDP and SDP (Figures 1(b) and 2(b)). The same changes can be observed in the storage of
black tea, indicating the degradation of polyphenols and flavonoids [19]. In both samples, the
TPC and TEAC values also decreased over time (Figures 1(c), (d) for FDP, or Figures 2(c), (d)
for SDP). The loss of TPC and TEAC occurred faster at higher temperature and relative
humidity.

The increase in degradation rate with rising temperature is consistent with the Arrhenius
equation, which states that the reaction rate constant is strongly influenced by both temperature
and activation energy [11-14]. Accordingly, higher temperatures accelerate chemical reactions
responsible for the loss of phenolic compounds and antioxidant activity. In addition to
temperature, exposure to high relative humidity (RH%) can adversely affect the physical and
chemical stability of powders, even when the overall moisture content remains relatively
unchanged. This phenomenon may be attributed to the intrinsic properties of the powder matrix.
As reported by Bhandari and Howes[33], most dried food products exist in a glassy amorphous
state, which can transition into a rubbery state over time. This glass-to-rubber transition occurs
more rapidly under elevated environmental temperatures and humidity levels. A similar effect
had been observed in spray-dried milk powder, where delayed lactose crystallization (happened
due to hydrolyzed whey proteins) leaded to a stickier surface and higher equilibrium relative
humidity, even at constant moisture content [34]. This increase in surface water activity
enhances susceptibility to color degradation and oxidative reactions, thereby reducing the
overall quality of the product, despite stable average or internal moisture levels [30, 31, 33, 34].

In summary, the results shown suggested that the loss of quality of both FDP and SDP
during accelerated storage happens stronger at higher temperatures and relative humidity. Based
on the results shown in Figures 1 and 2, only the changes in TPC and TEAC can be fitted in the
first kinetic model. Thus, those two indexes were further employed to predict the shelf-life of
products [12, 15].
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3.3. Kinetics of degradation of foam-mat dried powder (FDP) and spraydried powder
(SDP)

The changes in TPC and TEAC of FDP can be fitted in the first-order kinetic model
(Eq. (2)) using single regression analysis on the experimental data; the results were expressed in
Figure 3. Generally, a high coefficient of determination (R?> 0.95) indicated a good fit for the
model. As expected, higher rate constant (k) values corresponded to more rapid degradation of
TPC and TEAC under elevated temperature and relative humidity conditions, consistent with
the trends discussed previously. Notably, the k values for TEAC degradation (ranging from
0.0093 to 0.2091 day ') were consistently higher than those for TPC (ranging from 0.0043 to
0.0317 day '), suggesting that antioxidant activity declined at a faster rate than the TPC.

Similarly, the changes in TPC and TEAC of SDP can also be fitted in the first-order kinetic
model (Figure 4). A high coefficient of determination (R*> 0.95) was also obtained, indicating a
good fit of the model. Consistent with the results observed for FDP, SDP also exhibited a faster
degradation rate for the TEAC compared to the TPC. The rate constants for TEAC ranged from
0.0067 to 0.1605 day !, while those for the TPC ranged from 0.0029 to 0.0242 day .

Table 2 summarized important parameters of the those mentioned model.
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Figure 3. Kinetics of degradation of TPC and TEAC of FDP:
a) Kinetics of degradation of TPC; b) Kinetics of degradation of TEAC.
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Figure 4. Kinetics of degradation of TPC and TEAC of SDP:
a) Kinetics of degradation of TPC; b) Kinetics of degradation of TEAC.

Numerous studies have reported that the degradation of TPC and TEAC follows a first-

order kinetic model [11-15]. In fresh strawberries, which are rich in various phenolic
compounds, Oliveira et al. [15]examined the degradation kinetics at 23 °C and found that both
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zero-order and pseudo-first-order models could adequately describe the degradation behavior of
several phenolic compounds. Similarly, Arora et al. [18] also reported that the degradation of
TPC and antioxidant capacity (AC) in diced apples also followed first-order kinetics. In their
study, the degradation rate constants (k) ranged from 1.16 to 1.97 day for AC and from 0.89 to
1.29 day* for TPC, which are significantly higher than the values observed in the present study.
A comparable trend was reported by Kim et al. [13] for hardy kiwi purée, where both TPC and
antioxidant activity decreased over time following a first-order model. In their study, k values
ranged from 0.038 to 0.157 day' for TPC and from 0.046 to 0.194 day' for AC at storage
temperatures ranging from 5°C to 45°C. These findings support the conclusion that the
microencapsulation process employed in the preparation of FDP and SDP provided effective
protection of phenolic compounds against degradation.

Additionally, the rate constants for TPC degradation were generally lower than those for
AC degradation. A similar pattern was also observed in this study, suggesting that phenolic
compounds are more stable under storage conditions than antioxidant capacity.

When compared to microparticles from other studies, the degradation rate constants (k)
obtained in this study were generally similar or slightly lower. For example, Kuck et al. [14]
reported that the degradation of anthocyanins in grape skin followed first-order kinetics and was
significantly influenced by temperature and relative humidity. The rate constants for
anthocyanin degradation in that study ranged from 0.024 to 0.099 day' when stored at 35—
55 °C, which are slightly higher than the k values observed for TPC in both FDP and SDP in the
present study. Similarly, Cassol and Norefia [12] investigated the degradation of bioactive
compounds in Hibiscus sabdariffa powder under storage at 40—60 °C and reported rate constants
ranging from 0.0259 to 0.2910day'. These findings further supporting the conclusion that the
micro-encapsulation of FDP and SDP effectively slows down the deterioration of bioactive
compounds.

Table 2. Rate constant (k), coefficient of determination (R?), half-life (t12) and temperature coefficient
(Q10) for TPC and TEAC at different storage condition.

Sample T RH TPe TEAC
k (day™) R? t1/2 Q10 k (day™) R? t1/2 Q10
FDP 50 70 0.0043 0.9556 161.2 2715 0.0093 0.9690 74.5 4.481
70 70 0.0317 0.9936 21.9 0.1867 0.9955 3.7
50 90 0.0051 0.9232 1359 12330 0.0131 0.9839 529  3.995
70 90 0.0423 09911 164 0.2091 0.9906 3.3
SDP 50 70 0.0029 0.9694 239.0 1546 0.0067 0.9012 103.5 4.269
70 70 0.0188 0.9848 36.9 0.1221 0.9982 5.7
50 90 0.0043 0.9962 161.2 51377 0.0108 09891 64.2 3.885
70 90 0.0242 0.9977 28.6 0.1605 0.9964 74.5

3.4. Prediction of shelf-life of SDP and FDP

The result in Table 2 also showed that, compared with the SDP, FDP has a higher Q10
value, showing that SDP’s quality was more thermal dependent than FDP’s. However, because
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the k values of SDP were much lower than the FDP, the final predicted shelf-life of SDP was
still higher than FDP in most cases (Table 3).

Results in Table 3 showed that at 30 °C RH 70 %, the shelf-life of SDP was predicted to be
236 days compared to FDP was only 181 days. The predicted shelf-life of pomelo peel instant
powder was much higher compared to Polygonum multiflorum (Thunb.) spray-dried powder, in
which TPC retentions of 85 % were at 6.2 - 42.4 days, and AC retentions of 85 % were at 5.1 -
13.1 days at 30 °C [15]. However, by reducing the temperature to 10 °C, the shelf-life of SDP
can be extended to 1527 days and FDP to 1332 days, almost six times longer.

Few studies have directly compared the shelf-life of powders produced by spray-drying
and foam-mat drying. However, the study by Cassol and Norefia [12] investigated the
preservability of Hibiscus sabdariffa powder produced via spray-drying and freeze-drying. In
that study, the degradation of anthocyanins was modeled using a first-order kinetic approach to
predict shelf-life. The temperature coefficient (Qio) value ranged from 1.2 to 1.4 for spray-dried
powder and 1.1 to 2.1 for freeze-dried powder, indicating that freeze-dried powder were more
sensitivities to temperature than spray-dried one. However, the results showed that the shelf-life
of spray-dried and freeze-dried powder can be almost equal and depended mainly on the
encapsulation formula.

Overall, the results indicate that different storage strategies can be effectively employed to
achieve the desired shelf-life of the products, as summarized in Table 3.

Table 3. Estimate shelf-life of products base on Qo value.

Time period (days) which concentration remains over 90 % Shelf-life
Sample T RH (days)
For TPC For TEAC
FDP 30 70 181 227 181
30 90 171 128 128
10 70 1332 4566 1332
10 90 1421 2049 1421
SDP 30 70 236 287 236
30 99 138 145 138
10 70 1527 5223 1527
10 90 776 2155 776
4. CONCLUSIONS

In conclusion, the study showed that changes in TPC and TEAC of both FDP and SDP can
be fitted in the first-order kinetic model. Thus, it was possible to employ an accelerated storage
test to predict the shelf-life of pomelo peel FDP and SDP. In comparison, FDP has a shorter
shelf-life than SDP. However, foam-mat drying can still be considered a good choice when
spray drying is unavailable. Depending on the requirement of the shelf-life of products, storage
conditions can be changed to be more practical and economical.

Acknowledgements. This research is funded by the Ministry of Education and Training (MOET) through
project B2020-TCT-01.

263



To Nguyen Phuoc Mai, Pham Tran Bao Nghi, Tran Thanh Truc, Nguyen Van Muoi

CRediT authorship contribution statement. To Nguyen Phuoc Mai: Investigation; Visualization; Writing
— original draft. Pham Tran Bao Nghi: Investigation; Visualization; Writing — original draft. Tran Thanh
Truc: Methodology; Writing — review & editing. Nguyen Van Muoi: Formal analysis; Writing — review &
editing; Supervision.

Declaration of competing interest. The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence the work reported in this paper.

10.

11.

12.

13.

264

REFERENCES

Nguyen T. K. T., Nguyen H. K. N, Tran T. T., Ha T. T. - Physicochemical properties of Da Xanh
and Nam Roi pomelos growed in the Mekong Delta. Can Tho Univ. J. Sci., 57(Food Technology)
(2021) 118-126. https://doi.org/10.22144/ctu.jsi.2021.013.

Tran T. M., To N. P. M., Nguyen V. M., Tran T. T. - The fruit morphological and physico-chemical
characteristics of four pomelo cultivars grown in Mekong Delta Vietnam. Ind. Trade Mag., 24
(2020) 57-64.

Fayek N. M., El-Shazly A. H., Abdel-Monem A. R., Moussa M. Y., Abd-Elwahab S. M., El-
Tanbouly N. D. - Comparative study of the hypocholesterolemic, antidiabetic effects of four agro-
waste  Citrus peels cultivars. Rev. Bras. Farmacogn., 27(4) (2017) 488-494.
https://doi.org/10.1016/j.bjp.2017.01.010.

Londono-Londono J., Lima V. R., Lara O., Gil A., Pasa T. B. C.,, Arango G. J,, Pineda J. R. R. -
Clean recovery of antioxidant flavonoids from citrus peel: optimizing an aqueous ultrasound-
assisted extraction method. Food Chem., 119(1) (2010) 81-87.
https://doi.org/10.1016/j.foodchem.2009.05.075.

Manthey J. A., Guthrie N. - Antiproliferative activities of citrus flavonoids against six human cancer
cell lines. J. Agric. Food Chem., 50(21) (2002) 5837-5843. https://doi.org/10.1021/j020121d.

To N. P. M,, Nguyen V. M. - Effects of extraction and rotary evaporation conditions to the
characteristics of concentrated aqueous extract from pomelo peel (Citrus maxima (Burn.) Merr.) of
Da Xanh cultivar. Can Tho Univ. J. Sci., 57 (2021) 21-31.
https://doi.org/10.22144/ctu.jsi.2021.003.

To N. P. M, Ha T. T., Nguyen V. M., Tran T. T. - Production of instant pomelo peel powder by
spray drying: Optimization of wall material composition to microencapsulate phenolic compounds.
Food Sci. Technol., 42 (2022) €102621. https://doi.org/10.1590/fst.102621.

Tran T. T. - Research on bioactive compounds of pomelo peel in the Southwest region &
application to pomelo peel tea production for health protection (Ministry-level science and
technology project). Viet Nam Ministry of Education and Training, Hanoi (2022).

Sang J., Ma Q., Ren M. J,, He S. T., Feng D. D., Yan X. L., Li C. Q. - Extraction and
characterization of anthocyanins from Nitraria tangutorum Bobrov dry fruit and evaluation of their
stability in aqueous solution and taurine-contained beverage. J. Food Meas. Charact., 12 (2018)
937-948. https://doi.org/10.1007/s11694-017-9709-9.

Ling B., Tang J., Kong F., Mitcham E. J., Wang S. - Kinetics of food quality changes during
thermal processing: a review. Food Bioprocess Technol., 8 (2015) 343-358.
https://doi.org/10.1007/s11947-014-1398-3.

Arora B., Sethi S., Joshi A., Sagar V. R., Sharma R. R. - Antioxidant degradation kinetics in apples.
J. Food Sci. Technol., 55 (2018) 1306—1313. https://doi.org/10.1007/s13197-018-3041-1.

Cassol L., Norena C. P. Z. - Microencapsulation and accelerated stability testing of bioactive
compounds of Hibiscus sabdariffa. J. Food Meas. Charact., 15 (2021) 1599-1610.
https://doi.org/10.1007/s11694-020-00757-x.

Kim A. N., Kim H. J., Chun J., Heo H. J., Kerr W. L., Choi S. G. - Degradation kinetics of phenolic
content and antioxidant activity of hardy kiwifruit (Actinidia arguta) puree at different storage
temperatures. LWT, 89 (2018) 535-541. https://doi.org/10.1016/1.1wt.2017.11.036.


https://doi.org/10.22144/ctu.jsi.2021.013
https://doi.org/10.1016/j.bjp.2017.01.010
https://doi.org/10.1016/j.foodchem.2009.05.075
https://doi.org/10.1021/jf020121d
https://doi.org/10.22144/ctu.jsi.2021.003
https://doi.org/10.1590/fst.102621
https://doi.org/10.1007/s11694-017-9709-9
https://doi.org/10.1007/s11947-014-1398-3
https://doi.org/10.1007/s13197-018-3041-1
https://doi.org/10.1007/s11694-020-00757-x
https://doi.org/10.1016/j.lwt.2017.11.036

Quality changes duringaccelerated storage and shelf-life estimation ...

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Kuck L. S., Wesolowski J. L., Norena C. P. Z. - Effect of temperature and relative humidity on
stability following simulated gastro-intestinal digestion of microcapsules of Bordo grape skin
phenolic extract produced with different carrier agents. Food Chem., 230 (2017) 257-264.
https://doi.org/10.1016/j.foodchem.2017.03.038.

Oliveira A., Almeida D. P., Pintado M. - Changes in phenolic compounds during storage of
pasteurized strawberry. Food Bioprocess Technol., 7 (2014) 1840-1846.
https://doi.org/10.1007/s11947-013-1239-9.

Nguyen V. M., Le P. T. Q. - The shelf-life of total polyphenol content and the antioxidant capacity
of the Polygonum multiflorum (Thunb.) root extract and its spray dried powder according to the Q10
method. Bull. Transilv. Univ. Brasov Ser. II, 11(60) (2018) 147-158.

Pasrija D., Ezhilarasi P. N., Indrani D., Anandharamakrishnan C. - Microencapsulation of green tea
polyphenols and its effect on incorporated bread quality. LWT, 64(1) (2015) 289-296.
https://doi.org/10.1016/j.1wt.2015.05.054.

Baysan U., Elmas F., Koc M. - The effect of spray drying conditions on physicochemical properties
of encapsulated propolis powder. J. Food Process Eng., 42(4) (2019) EI13024.
https://doi.org/10.1111/jfpe.13024.

Sinija V. R., Mishra H. N., Bal S. - Process technology for production of soluble tea powder. J.
Food Eng., 82(3) (2007) 276-283. https://doi.org/10.1016/j.jfoodeng.2007.01.024.

Vietnam Ministry of Science Technology - National standard TCVN 12459-2018 for Pure instant
coffee. https://tieuchuan.vsqi.gov.vn/tieuchuan/view?sohiecu=TCVN+12459%3A2018 (accessed 01
June 2023).

Pathania S., Ho Q. T., Hogan S. A., McCarthy N., Tobin J. T. - Applications of hydrodynamic
cavitation for instant rehydration of high protein milk powders. J. Food Eng., 225 (2018) 18-25.
https://doi.org/10.1016/j.jfoodeng.2018.01.005.

Siddiqua A., Premakumari K. B., Roukiya S. - Antioxidant activity and estimation of total phenolic
content of Muntingia calabura by colorimetry. Int. J. ChemTech Res., 2(1) (2010) 205-208.

Vo T. H., Nguyen T. T., Ho K. V. N. - Process optimization for extraction of polyphenols from
avocado seeds. Edelweiss J. Food Sci. Technol., 1 (2019) 5-11. https://doi.org/10.33805/2765-
8821.102.

Soto C., Caballero E., Perez E., Zuniga M. E. - Effect of extraction conditions on total phenolic
content and antioxidant capacity of pretreated wild Peumus boldus leaves from Chile. Food
Bioprod. Process., 92 (2014) 328-333. https://doi.org/10.1016/j.tbp.2013.06.002.

Amarakoon A. S. H., Navaratne S. - Evaluation of the effectiveness of silica gel desiccant in
improving the keeping quality of rice crackers. Int. J. Sci. Res., 6(1) (2017) 2163-2168.
https://doi.org/10.21275/ART2017538.

World Health Organization - Guidelines for stability testing of pharmaceutical products containing
established drug substances in conventional dosage forms. WHO Technical Report Series, WHO,
Geneva, 863 (1996).

U. S. Food Drug Administration - Stability testing of new substances and products. ICH Q1A, FDA,
Washington, DC (2001).

Brar A. S., Kaur P., Kaur G., Subramanian J., Kumar D., Singh A. - Optimization of Process
Parameters for Foam-Mat Drying of Peaches. Int. J. Fruit Sci., 20(sup3) (2020) S1495-S1518.
https://doi.org/10.1080/15538362.2020.1812017.

Aliakbarian B., Sampaio F. C., de Faria J. T., Pitangui C. G., Lovaglio F., Casazza A. A., Convert
A., Perego P. - Optimization of spray drying microencapsulation of olive pomace polyphenols using
response surface methodology and artificial neural network. LWT, 93 (2018) 220-228.
https://doi.org/10.1016/j.1wt.2018.03.048.

Zanoni F., Primiterra M., Angeli N., Zoccatelli G. - Microencapsulation by spray-drying of
polyphenols extracted from red chicory and red cabbage: Effects on stability and color properties.
Food Chem., 307 (2020) 125535. https://doi.org/10.1016/j.foodchem.2019.125535.

Maa Y. F., Nguyen P. A., Andya J. D., Dasovich N., Sweeney T. D., Shire S. J., Hsu C. C. - Effect
of spray drying and subsequent processing conditions on residual moisture content and

265


https://doi.org/10.1016/j.foodchem.2017.03.038
https://doi.org/10.1007/s11947-013-1239-9
https://doi.org/10.1016/j.lwt.2015.05.054
https://doi.org/10.1111/jfpe.13024
https://doi.org/10.1016/j.jfoodeng.2007.01.024
https://tieuchuan.vsqi.gov.vn/tieuchuan/view?sohieu=TCVN+12459%3A2018
https://doi.org/10.1016/j.jfoodeng.2018.01.005
https://doi.org/10.33805/2765-8821.102
https://doi.org/10.33805/2765-8821.102
https://doi.org/10.1016/j.fbp.2013.06.002
https://doi.org/10.21275/ART2017538
https://doi.org/10.1080/15538362.2020.1812017
https://doi.org/10.1016/j.lwt.2018.03.048
https://doi.org/10.1016/j.foodchem.2019.125535

To Nguyen Phuoc Mai, Pham Tran Bao Nghi, Tran Thanh Truc, Nguyen Van Muoi

physical/biochemical stability of protein inhalation powders. Pharm. Res., 15 (1998) 768-775.
https://doi.org/10.1023/A:1011983322594.

32. Nakagawa K., Kamisaki H., Suzuki T., Sano N. - Model-based prediction of the moisture sorption
kinetics and humidity-induced collapse for freeze-dried cakes. Chem. Eng. Sci., 248 (2022) 117129.
https://doi.org/10.1016/j.ces.2021.117129.

33. Bhandari B. R., Howes T. - Implication of glass transition for the drying and stability of dried foods.
J. Food Eng., 40(1-2) (1999) 71-79. https://doi.org/10.1016/S0260-8774(99)00039-4.

34. Hogan S. A., O'Callaghan D. J. - Moisture sorption and stickiness behaviour of hydrolysed whey
protein/lactose powders. Dairy Sci. Technol., 93 (2013) 505-521. https://doi.org/10.1007/s13594-
013-0129-2.

266


https://doi.org/10.1023/A:1011983322594
https://doi.org/10.1016/j.ces.2021.117129
https://doi.org/10.1016/S0260-8774(99)00039-4
https://doi.org/10.1007/s13594-013-0129-2
https://doi.org/10.1007/s13594-013-0129-2

