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 This study investigated the effects of various maltodextrin contents (0, 6, 7.5, 9, and 10.5 g/100 g of pulp) on the drying rate 
and powder quality of avocado pulp dried by refractance window technique. Increasing the maltodextrin addition level 
significantly decreased the drying rate and prolonged the drying time. The maltodextrin considerably affected the drying 
rate of pulp when its moisture content was higher than 1.0 g/g dry weight. A significant improvement was found in the re-
tention of total contents of phenolics and chlorophylls, antioxidant capacity, and color in avocado powder obtained from 
pulp with maltodextrin. The addition of 9 g maltodextrin/100 g of pulp allowed to retain 85.60% TPC, 78.78% total chlorophyll 
content, 83.48% DPPH radical scavenging activity, and 78.89% ferric reducing antioxidant power. However, maltodextrin 
in the amount of 10.5 g/100 g of pulp had a negative impact on moisture removal and deteriorated the quality of the dried 
avocado. These findings may have practical application for the production of dried avocado and other fruits. 
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INTRODUCTION
Hydrocolloids were widely applied in food processing as thicken-
ers, gelling agents, structure stabilizers, and emulsifiers [Williams 
& Phillips, 2000]. During the drying process, particularly for fruit 
puree or juice, hydrocolloids were added to improve both prod-
uct quality and drying efficiency. Previous studies applied hydro-
colloids to fruit pulp before processing to prevent the stickiness 
and caking phenomena [Bhandari et al., 1993; Gómez‐Pérez et al., 
2020; Singh Gujral & Singh Brar, 2003]. After mixing hydrocolloids 
into the pulp, the glass transition temperature of fruit pulp in-
creased, leading to the drying process being implemented easily 
and obtaining high-quality products [Bhandari et al., 1993]. It was 

reported that the increase of maltodextrin (MD) could improve 
the sensory quality of mango leather [Singh Gujral & Singh Brar, 
2003] as well as the lamina and texture properties of murta 
(Ugni molinae Turcz) berry leather [Gómez‐Pérez et  al., 2020], 
and enhance the quality of dried fruit powder from tomato pulp 
[Goula & Adamopoulos, 2008], blackberry [Ferrari et al., 2012], etc. 
Among hydrocolloids, MD was the most popular carrier used 
in food production [Williams & Phillips, 2000].

Drying technology continues to play an important role 
in food preservation and processing. The commercial and utilitar-
ian worth of food items was increased as a result of the removal 
of moisture from their constituents. Among the fruit forms that 
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can be dried, fruit juice and puree get the most attention when 
it comes to making fruit powder, which is simple to utilise or 
formulate commercial food goods [Ramaswamy & Marcotte, 
2005]. In the research, spray-, drum-, and freeze-drying were 
the most common methods for producing fruit powder. There 
were, however, disadvantages to each drying procedure. In spray 
drying, the powder quality was diminished as a result of the ad-
dition of 40 to 60% of carriers [Brennan et al., 1971; Can Karaca 
et al., 2016; Sobulska & Zbicinski, 2021]. In turn, drum drying at 
temperatures ranging from 120 to 170°C caused substantial harm 
to the quality of dried materials [Nindo & Tang, 2007]. Finally, 
the freeze-drying exclusively produced fruit powder of the high-
est grade [Ratti, 2013], but the adoption and maintenance of this 
process were costly. 

Recent advancements in drying technology would increase 
the likelihood of discovering viable drying methods to address 
pre-existing issues. Recently, refractance window (RWTM) dry-
ing has received increased interest in the dehydration of fruit 
purees or slices [Vega-Mercado et al., 2001]. In the RWTM drying 
technique, moisture diffusion and evaporation occur rapidly 
due to heat conduction, convection, and radiation at the hot- 
-water interface and air-film interface [Raghavi et  al., 2018]. 
Therefore, the drying process could be finished quickly and pre-
serve the quality of the dried product efficiently. Compared to 
the above-mentioned drying processes, RWTM drying was ad-
dressed in fewer publications; however, the RWTM drying results 
were substantially more outstanding. In the literature, the RWTM 
drying was reported to produce good nutritional and sensory 
quality of dried fruits and vegetables such as carrots, strawber-
ries [Nindo & Tang, 2007], tomatoes [Abul-Fadl & Ghanem, 2011], 
mango pulp [Caparino et al., 2012], pomegranate leather [Tontul 
& Topuz, 2017], cornelian cherry pulp [Tontul et al., 2018], low-fat 
avocado paste [Da Silva & Da Silva, 2018], apple slices [Rajoriya 
et al., 2019], goldenberry pulp [Puente et al., 2020], etc. Besides, 
the RWTM drying was more thermally efficient than convective 
and freeze-drying [Nindo & Tang, 2007]. Thus, RWTM drying was 
anticipated to be an effective method for drying fruits and veg-
etables. However, additional evidence is required to confirm 
this notion.

Avocado fruits are nutrient- and phytochemical-dense super-
foods [Comerford et al., 2016]. Specifically, bioactive substances 
with varied medicinal capabilities in avocado have been shown 
to be associated with consumer health advantages [Lye et al., 
2020]. As a result of its climacteric fruit qualities and significant 
processing constraints, avocado’s economic and utilitarian worth 
decreased.

In this situation, applying the drying process to avocado 
would be one of the appropriate alternatives. The avocado’s 
shelf life might be prolonged and new avocado-based products 
could be developed after drying. In previous studies, avocado 
was reported to be dried by heat-pump [Ceylan et  al., 2007], 
freeze-drying [Castañeda-Saucedo et  al., 2014; Rafidah et  al., 
2014; Souza et al., 2015], hot-air drying [Temu, 2013], and su-
perheated-steam drying [Rafidah et al., 2014]. However, these 
drying methods took a long operating time (varying from 3 to 

more than 20 h). A recent report indicated that the RWTM drying 
temperature greatly affected drying kinetics and avocado pulp 
quality [Nguyen, et al., 2022b]. The high RWTM drying temperature 
of 90°C could preserve over 80% of total phenolics and antioxi-
dant activity [Nguyen, et al., 2022b]. It appeared that the RW had 
a good potential for the manufacturing of avocado fruit powder. 
While the effect of drying temperature has been well explored, 
the influence of maltodextrin content has not yet been inves-
tigated. Therefore, this study sought to determine the effects 
of MD content on the drying rate and quality of powder (includ-
ing total contents of phenolics and chlorophylls, antioxidant 
capacity, and color parameters) made of avocado pulp dried 
with the RWTM technique.

MATERIALS AND METHODS
r Materials and chemicals
Fresh avocado (Persea americana Mill. cv. ‘Maluma’) fruits were 
obtained from a local farm in DakLak, Vietnam; only ripe avocados 
with a green exterior were selected.

Gallic acid, 2,4,6-tripyridyl-s-triazine (TPTZ), 2,2-diphenyl- 
-1-picrylhydrazyl (DPPH) radical, and 6-hydroxy-2,5,7,8 tetra-
methylchromane-2-carboxylic acid (Trolox) were purchased 
from Sigma-Aldrich (Merck PTE Ltd, Ascent Building, Singapore). 
The solid sodium tungstate, sodium molybdate, and lithium 
sulphate were constituents of the Folin-Ciocalteu (2 N) reagent. 
Maltodextrin (dextrose equivalent in the range of 16.5–19.5, 
Sigma-Aldrich) was acquired from a local vendor. As well as 
other chemicals, acetic acid, sodium acetate, chloroform, sodium 
carbonate, methanol, acetone, diethyl ether, and ferric chloride 
hexahydrate were of analytical quality.

r Avocado pulp preparations
After receiving, the avocado fruits were washed, peeled, devoid 
of seed, and sliced into slices with 3.00±0.03 mm thickness. 
Then, the slices were soaked in a sodium bicarbonate solution 
(0.05%) for 30 min and subjected to steam blanching for 3 min 
to inactivate the browning enzymes and inhibit other enzymes 
in materials. Subsequently, the blanched samples were cooled 
promptly with cold water at 5.0±0.5°C and ground to collect 
avocado pulp using a commercial blender (BJY-CB2L60-A, Ber-
jaya Steel Product Sdn Bhd, Kuala Lumpur, Malaysia). To prepare 
the material for drying, the pulp was mixed with MD using 
a laboratory mixing overhead stirrer (SH-II-6C, Hebei, China). 
The mix was analyzed for total phenolic content (TPC), total 
chlorophyll content, antioxidant capacity, and color parameters 
before drying.

r Drying conditions and drying rate determination
This study designed experiments with three replications using 
the one-factor-at-a-time approach. The samples were prepared 
using a block design that was randomly generated. Each sample 
containing 100 g of pulp was mixed with different amounts of MD, 
i.e. 0, 6, 7.5, 9, and 10.5 g. In this investigation, a custom-built refract-
ance window (RWTM) drying apparatus comprised of a hot water 
reservoir (0.42×0.28×0.10 m) and a thermostatically-controlled 
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water bath was operated in a batch laboratory-scale configura-
tion (Model DH.WB000106, Daihan-Scientific, Wonju-si, South 
Korea). A polyester film (MylarTM, Jiangsu, China) with a thickness 
of 0.25 mm was utilized to transfer heat from hot water to fruit 
pulp placed in 2 mm-thick layers atop the Mylar films. Our earlier 
research determined that the RWTM drying temperature had 
a substantial effect on the quality of dried avocado powder, with 
the highest quality powder being produced at 90°C [Nguyen, 
et al., 2022b]. Therefore, each sample was dried at 90°C using 
RWTM drying.

The moisture content of samples was measured using 
the moisture analyzer (MB23, Ohaus, Parsippany, NJ, USA) in 5-min 
intervals. The drying process was stopped when the moisture 
content reached approximately 0.04 g/g dry weight (DW) be-
cause this moisture content assured that dried avocado could 
be ground to powder. The drying rate (g/g DW) was computed 
from Equation (1).

Drying rate (g/g DW/min) =
Mt−Mt+Δt

Δt
 (1)

where: Mt, and Mt+∆t were the moisture content at drying time 
t (min), and t+∆t (min), respectively. 

Then, the avocado powder was used to analyze TPC, total 
chlorophyll content, antioxidant capacity, and color parameters.

r Preparation of avocado extracts for chemical analysis
The extracts were obtained according to the procedure reported 
in the literature [Wang et al., 2010]. The fresh pulps as well as dried 
and powdered avocado pulps with and without MD (0.2 g) were 
extracted using 10 mL of solvent (7 mL acetone + 0.03 mL glacial 
acetic acid + 2.97 mL water). Then, the extracts were diluted to 
25 mL and analyzed for their TPC and antioxidant capacity.

r Total phenolic content determination
The method with Folin-Ciocalteu reagent, as established 
in ISO 14502-1:2005, was deployed to measure the TPC with 
distilled water serving as a blank [ISO, 2005]. The UV-9000 
spectrophotometer (Metash, Shanghai, China) was used for 
absorbance measurement. The gallic acid calibration curve 
was used to calculate the total phenolic content, which was 
given as mg of gallic acid equivalent per g of dry weight (mg 
GAE/g DW). The retention percentage of TPC was determined 
according to Equation (2).

Retention of TPC (%) = × 100%
CTPC, after drying

CTPC, before drying
 (2)

where: CTPC, before drying and CTPC, after drying were the TPC in the sample 
before drying and after drying, respectively.

r DPPH radical scavenging assay (DPPH)
The DPPH radical scavenging activity of the extract was deter-
mined according to the procedure described previously [Nguyen 
et  al., 2022b] using a UV-9000 spectrophotometer (Metash). 
DPPH radical scavenging activity was analyzed using the stand-
ard curve for Trolox plotted as the percent of scavenged DPPH 

radicals vs. concentration. Results were expressed as mg Trolox 
equivalent per g of sample dry weight (mg TE/g DW). The re-
tention percentage of DPPH radical scavenging activity was 
calculated from Equation (3).

=Retention of DPPH radical 
scavenging activity (%)

× 100%
CDPPH, after drying

CDPPH, before drying
 (3)

where: CDPPH, before drying and CDPPH, after drying were the DPPH radical 
scavenging activity of the sample before drying and after dry-
ing, respectively.

r Ferric reducing antioxidant power determination
The ferric reducing antioxidant power (FRAP) assay was con-
ducted in accordance with a modified version of the method de-
scribed in the literature [Benzie & Strain, 1996]. The acetate buffer 
(0.3 M, pH 3.6), TPTZ (10 mM in 40 mM HCl), and FeCl3×6H2O 
(20 mM) were mixed in a 10:1:1 (v/v/v) ratio to make the reagent. 
In order to measure the FRAP, 2.85 mL of FRAP reagent was ap-
plied to 0.15 mL of diluted sample. The reaction mixture was 
incubated in the dark for 30 min, after which the absorbance 
was measured at 593 nm with a UV-9000 spectrophotometer 
(Metash) using distilled water as the blank. Based on the Trolox 
calibration curve, the ferric reducing antioxidant power was 
computed and reported as mg Trolox equivalent per g of sample 
dry weight (mg TE/g DW).

The retention percentage of FRAP was calculated from Equa-
tion (4).

Retention of FRAP (%) = × 100%
CFRAP, after drying

CFRAP, before drying
 (4)

where: CFRAP, before drying and CFRAP, after drying were the FRAP of the sam-
ple before drying and after drying, respectively.

r Determination of total chlorophyll content
In order to initiate the extraction process, 0.2 g of avocado pulps 
or powders was combined with 5 mL of the solvent (chloroform 
and methanol, 2:1, v/v) and vortexed for 30 s at 2,000 rpm. After 
sonication (40 KHz, 240 W, 5 min), the sample was vortexed again 
for 10 s and cooled at 4°C for 20 min. After cooling the sample, 
it was centrifuged at 2,095×g for 10 min, and the supernatant 
was collected. The solvent in the supernatant was evaporated 
in a Petri dish using an LO-FS100 forced convection oven (LK Lab, 
Namyangju, Korea) at 50°C for 30 min, and residue was redissolved 
in 10 mL of pure diethyl ether for analysis of total chlorophyll 
content as described in the literature [Lichtenthaler & Buschmann, 
2001]. Results were calculated according to Equation (5). 

=Total chlorophyll 
content (μg/g DW) × 10

7.62 × A661 + 15.39 × A642

msample (DW)
 (5)

where: A661 and A642 corresponded to absorbances measured at 
661 and 642 nm using a UV-9000 spectrophotometer (Metash), 
msample (DW) was the dry weight of sample.

The retention percentage of total chlorophyll content was 
calculated from Equation (6).
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2020; Nguyen, et al., 2022b; Nindo & Tang, 2007; Ochoa-Martínez 
et al., 2012].

Drying curves of avocado pulps without and with different 
contents of MD show that the behavior of moisture removal 
was significantly different between samples at the moisture 
content higher than 1.0 g/g DW (Figure 2). When the moisture 
content of the drying material was above this value, the moisture 
diffusion was directly related to the elimination of free water. 
When the moisture content was below 1.0 g/g DW, the mois-
ture removal predominantly eliminated bound water. Therefore, 
when MD was mixed with avocado pulp, the MD predominantly 
interacted with the free water. Consequently, the MD had a sub-
stantial impact on the drying rate curves of avocado pulp with 
a moisture content greater than 1.0 g/g DW.

r Effect of maltodextrin addition on total contents 
of phenolics and chlorophylls 

The TPC and total chlorophyll content of the avocado pulps with-
out and with different MD contents and powders obtained by 
RWTM drying of pulps are shown in Figure 3. The addition of MD 
to fresh pulp significantly (p<0.05) decreased its TPC and total 
chlorophyll content and these decreases were dependent on 
the MD content. The results of phytochemical content analysis 
were expressed based on dry weight of pulp or powder. There-
fore, an increase in MD content would increase the dry matter 
content of the pulp, resulting in a decrease in the avocado pulp’s 
TPC and total chlorophyll content prior to drying. 

The TPC and total chlorophyll content in the samples be-
fore drying were significantly (p<0.05) higher than in powders 
after drying (Figure 3), thus the total content of both phe-
nolics and chlorophylls deteriorated during the RWTM drying 
of the avocado pulp with MD content increasing from 0 to 9 g 
MD/100 g of pulp; however, phytochemical retentions during 
the RWTM drying increased (Table 1). The highest retentions 
(85.60% for TPC, and 78.78% for chlorophylls) were found with 

=Retention of total  
chlorophyll content (%) × 100%

CChlorophyll, after drying

CChlorophyll, before drying  (6)

where: CChlorophyll, before drying and CChlorophyll, after drying were the total 
chlorophyll content in the sample before drying and after dry-
ing, respectively.

r Determination of color parameters
Color of avocado pulps and powders was assessed using 
the NR110 precision colorimeter (Shenzhen ThreeNH Technol-
ogy Co. Ltd, Shenzhen, China) in the CIELab color scale. The L*, a*, 
and b* values were measured. L* symbolizes lightness on a scale 
ranging from 0 (black) to 100 (white). Positives and negatives 
of a* represent red and green, whereas positives and negatives 
of b* represent yellow and blue. Besides, the total color difference 
(∆E) was calculated according Equation (7) to evaluate the dif-
ference in total color between the tested samples. 

ΔE = √(L* − L*0)2 + (a* − a*0)2 + (b* − b*0)2  (7)

r Statistical analysis
Experimental data were evaluated utilizing the SPSS 15 pro-
gramme (SPSS Inc., Chicago, IL, USA). The significant differences 
in mean values between the samples were determined using 
one-way analysis of variance (ANOVA) with Tukey’s multiple 
range test at the 5% significance level for all experiments, which 
were carried out in triplicate.

RESULTS AND DISCUSSION
r Effect of maltodextrin addition on the drying rate
The curves of moisture content versus drying time of avocado pulp 
at different maltodextrin (MD) contents are presented in Figure 1. 
In addition, the drying curves are shown in Figure 2. The pulps 
with a higher content of MD had a lower drying rate and a longer 
drying time. The control sample (0 g MD/100 g of pulp) had 
the highest drying rate and the shortest drying time. The MD with 
a moisture content of 3.62±0.04 g/100 g (wet basis) was added to 
the avocado pulp. Therefore, the increased addition of MD would 
rise significantly dry matter content of the pulp before drying. Ac-
cording to Rodosta & Schierbaum’s [1990] findings, the presence 
of MD in avocado pulp would create hydrogen bonds with free 
water molecules. This could cause internal and external diffusion 
resistance, leading to limited moisture removal from the pulp 
in the drying process [Goula & Adamopoulos, 2008]. Consequently, 
the initial drying rate was slower at higher MD content. Some previ-
ous studies on the MD effect on drying kinetics of sugar, acid-rich 
foods [Adhikari et al., 2004], pineapple, and mango leather [Gujral 
et al., 2013] showed similar findings.

Figure 2 further revealed that moisture removal only oc-
curred during the falling-rate period for all samples. It is likely 
that during the RWTM drying process with a thin layer of avocado 
pulp, moisture evaporated rapidly, causing the drying process to 
occur during the falling-rate period without a constant drying 
rate period. This finding was consistent with literature data on 
RWTM drying [Abul-Fadl & Ghanem, 2011; Gómez‐Pérez et  al., 
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the addition of 9 g MD/100 g of pulp, although the TPC retention 
for the pulp with 7.5 g MD/100 g was not significantly (p≥0.05) 
different. When the highest level of MD additive was used (10.5 g 
MD/100 g of pulp), the retentions of TPC and total chlorophyll 
content decreased significantly (p<0.05). The enhanced reten-
tions of TPC and chlorophylls by increasing the pulp’s MD content 

may be because MD acted as the coating substance that produc-
es a physical barrier [Osorio et al., 2011], restricting the contact 
of phytochemicals with external factors like oxygen. Therefore, 
the rate of phytochemical degradation was slowed, and their re-
tention was increased. As stated previously, MD in pulp increased 
the dry weight and formed bonds with free water [Radosta & 
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Schierbaum, 1990]. Consequently, a larger content of MD would 
diminish water activity, resulting in decreased enzyme activity 
that contributes to the retention of phenolics and chlorophylls. 
Studies on the impact of MD on the drying of pulp/puree have 
recently mostly concentrated on the assessment of the drying 
rate and physical characteristics of dried samples. Regarding to 
the effect of MD on the quality of the dried material, Ahmed 
et al. [2009] observed that after hot-air drying, MD was positively 
linked with the phenolic content in purple sweet potato flour. 
Furthermore, compared to the avocado pulp without MD, the ad-
dition of MD allowed to retain higher TPC after infrared radiation 
drying [Nguyen et al., 2021].

However, when 10.5 g MD/100 g of pulp was utilized, 
the preservation of phenolics and chlorophylls in pulp decreased. 
In the drying process, the operating time was also the reaction 
time [Nguyen et al., 2020]. Therefore, RWTM drying of avocado 
pulp with 10.5 g MD required the longest drying time, resulting 
in greater phytohemcial loss. 

r Effect of maltodextrin addition on antioxidant capacity
The antioxidant capacity of avocado pulps without and with 
MD and powders after RWTM drying was determined as DPPH 

radical scavenging activity and as FRAP. Results are reported 
in Figure 4. Additionally, the results of antioxidant capacity re-
tention after drying are shown in Table 1. Similarly to the total 
content of phenolics and chlorophylls, the antioxidant capacity 
tended to decrease as increasing amounts of MD were added 
to fresh pulp. Significantly (p<0.05) lower values for powders 
compared to pulps before drying were also noted. Moreover, 
the effect of MD addition level to pulp on retention of DPPH 
radical scavenging activity after RWTM drying was similar as on re-
tention of phytochemical contents. The content of 9 g MD/100 g 
of pulp allowed to retain the highest DPPH radical scavenging 
activity after drying. In the case of FRAP, when MD content was 
in the range of 6 to 9 g/100 g of pulp, the differences in retention 
were insignificant (p≥0.05). Furthermore, the samples with MD 
additions ranging from 6 to 9 g/100 g of pulp retained more FRAP 
than those without MD or with 10.5 g MD/100 g of pulp (p<0.05).

According to a previous report, the phenolics and chloro-
phylls identified in avocados are responsible for their antioxidant 
potential, but the contribution of the former is definitely greater 
than the latter [Wang et  al., 2010]. In addition, avocado pulp 
may contain other antioxidants, such as ascorbic acid and carot-
enoids [Lye et al., 2020]. In our study, the trend of DPPH radical 
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Table 1. The retention of total phenolic content (TPC), total chlorophyll content, and antioxidant capacity in avocado powder obtained from pulp without and with 
the addition of maltodextrin (MD) by refractance window drying.

Addition of MD 
 (g/100 g pulp)

Retention of TPC 
 (%)

Retention of total 
chlorophyll content (%)

Retention of DPPH radical 
scavenging activity (%)

Retention of FRAP  
(%)

0  80.44±0.98b  53.54±0.75d  61.13±1.24c  75.85±1.75b

6  81.14±0.46b  55.12±1.04d  62.15±1.10c  78.89±0.56a

7.5  84.15±0.75a  68.14±0.95c  77.95±0.25b  77.56±1.06a

9  85.60±1.49a  78.78±1.80a  83.48±1.37a  78.89±0.70a

10.5  80.12±1.10b  72.25±0.95b  79.53±0.58b  74.43±0.83c

Data are expressed as mean ± standard deviation and values within a column with the same letter are not significantly different (p≥0.05). FRAP, ferric reducing antioxidant power.
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scavenging activity differentiation between samples was com-
parable to the variations of TPC and total chlorophyll content. 
According to the evidence, both phenolics and chlorophylls may 
have contributed to DPPH radical scavenging activity of pulps 
and powders. However, TPC, chlorophylls, and other antioxidants 
in avocado may affect FRAP. 

r Effect of maltodextrin addition on color parameters
The color of avocado pulp changed significantly after RWTM 

drying (Table 2). Specifically, the L* and b* values of the color 
of the powders decreased, whereas the a* value increased com-
pared to the color of the fresh pulp. The results indicated that 
the samples became darker, more yellow, and less green. When 
MD content changed from 0 to 7.5 g/100 g of pulp, the L* value 
in dried samples gradually increased, while the a* and b* val-
ues did not change significantly (p≥0.05). The color of powder 
obtained from pulp with 9 g MD/100 g of pulp had the greatest 
greenness, as well as the lowest total color difference value. 

The highest addition of MD to the pulp caused the greatest color 
change with a ∆E value of 12.38.

The color played a key role in the customer’s buying choice; 
therefore, this criterion retains its important significance. In 
processing and preservation, color was also used to assess 
processing efficiency because it correlates with the quality 
change of items. Pigment loss, oxidation, enzymatic or non-en-
zymatic browning, etc., accounted for the majority of the color 
change during the drying process [Bahloul et al., 2009]. In our 
study, the decrease of L* may have been due to browning re-
actions occurring during drying. With regard to a* values, a rise 
in a* indicated that the dried samples were less green. For green- 
-pigmented foods like avocado, the biotransformation of chloro-
phylls to pheophytins, with the replacement of magnesium with 
hydrogen, was primarily responsible for the loss of greenness [Rudra 
et al., 2008]. In addition, according to the literature, MD could de-
crease the browning index value [Caliskan & Dirim, 2016] and in-
crease the L* value of dried product [Nguyen et al., 2022a]. 
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Figure 4. DPPH radical scavenging activity (A) and ferric reducing antioxidant power, FRAP (B) of avocado pulps without and with the addition of maltodextrin, 
as well as in their powders obtained by refractance window drying. Values with the same letters are not significantly different (p≥0.05). TE, Trolox equivalent; 
DW, dry weight.

Table 2. Color parameters of avocado pulp and powders obtained from pulp without and with the addition of maltodextrin (MD) by refractance window drying.

Material Addition of MD 
(g/100 g pulp)

L* a* b* ∆E

Pulp 0  61.05±1.02a  –23.77±1.17b  55.05±1.09a  –

Powder

0  51.91±1.34c  –20.54±0.87a  51.49±1.45b  10.33±0.32b

6  52.57±1.28bc  –18.89±0.95a  50.52±2.05bc  10.78±0.51b

7.5  53.15±0.75b  –20.15±1.01a  50.14±0.55bc  9.98±0.54b

9  54.64±1.17b  –23.04±0.45b  50.25±0.77bc  8.04±0.14c

10.5  51.10±1.02c  –19.21±0.43a  49.25±0.65c  12.38±0.48a

Data are expressed as mean ± standard deviation and values within a column with the same letter are not significantly different (p≥0.05). L*, lightness; a*, redness-greenness; b*, yellowness- 
-blueness; ∆E, total color difference.
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CONCLUSIONS
The addition of MD dramatically altered the behavior of mois-
ture removal and the quality of avocado pulp and powder ob-
tained by RWTM drying. The increase in MD content decreased 
the drying rate and the initial TPC, total chlorophyll content 
and antioxidant capacity of pulp but had a beneficial effect on 
the retention of these phytochemicals, bioactivity and color 
of the powders. The most effective in protecting functional prop-
erties and bioactive compounds of powders was the addition 
of 9 g MD/100 g of pulp. Although a higher MD content in pulp 
could increase the quality of drying products, too much MD led 
to a slower drying rate, which resulted in a longer drying time 
and greater product damage. Overall, this study demonstrated 
the RWTM drying technique had great potential for the produc-
tion of avocado powder with high-quality retention if the appro-
priate amount of MD was added prior to drying. These findings 
could be implemented for the manufacturing of fruit powder. 
To produce the highest quality fruit powder, additional research 
should concentrate on identifying optimal drying conditions or 
assessing alternative creative drying procedures.

RESEARCH FUNDING
The study was supported by The Youth Incubator for Science 
and Technology Program, managed by Youth Development 
Science and Technology Center - Ho Chi Minh Communist Youth 
Union and Department of Science and Technology of Ho Chi 
Minh City, the contract number is “07/2020/HĐ-KHCNT-VƯ”.

ACKNOWLEDGEMENTS
The authors would like to thank Nguyen Tat Thanh University 
for permission and for providing facilities, Ho Chi Minh City 
University of Technology (HCMUT), VNU-HCM for supporting 
this study and DAKADO GROUP for supplying avocado fruits 
during the research period.

CONFLICT OF INTERESTS
The authors declare no conflict of interest.

ORCID IDS
Q.T. Huynh https://orcid.org/0009-0000-9129-6035
P.B.D. Nguyen https://orcid.org/0000-0001-6827-919X 
T.T.D. Nguyen https://orcid.org/0000-0002-1701-0729
T.V.L. Nguyen https://orcid.org/0000-0003-1471-6352

REFERENCES
1. Abul-Fadl, M., Ghanem, T. (2011). Effect of refractance-window (RW) drying 

method on quality criteria of produced tomato powder as compared to 
the convection drying method. World Applied Sciences Journal, 15(7), 953–965.

2. Adhikari, B., Howes, T., Bhandari, B.R., Troung, V. (2004). Effect of addition 
of maltodextrin on drying kinetics and stickiness of sugar and acid-rich 
foods during convective drying: Experiments and modelling. Journal of Food 
Engineering, 62(1), 53–68. 
https://doi.org/10.1016/S0260-8774(03)00171-7 

3. Ahmed, M., Akter, M.S., Chin, K.-B., Eun, J.-B. (2009). Effect of maltodextrin 
concentration and drying temperature on quality properties of purple sweet 
potato flour. Food Science and Biotechnology, 18(6), 1487–1494.

4. Bahloul, N., Boudhrioua, N., Kouhila, M., Kechaou, N. (2009). Effect of convec-
tive solar drying on colour, total phenols and radical scavenging activity 
of olive leaves (Olea europaea L.). International Journal of Food Science & 
Technology, 44(12), 2561–2567. 
https://doi.org/10.1111/j.1365-2621.2009.02084.x 

5. Benzie, I.F., Strain, J.J. (1996). The ferric reducing ability of plasma (FRAP) as 
a measure of “antioxidant power”: The FRAP assay. Analytical Biochemistry, 
239(1), 70–76. 
https://doi.org/10.1006/abio.1996.0292

6. Bhandari, B., Senoussi, A., Dumoulin, E., Lebert, A. (1993). Spray drying of con-
centrated fruit juices. Drying Technology, 11(5), 1081–1092. 
https://doi.org/10.1080/07373939308916884

7. Brennan, J.G., Herrera, J., Jowitt, R. (1971). A study of some of the factors af-
fecting the spray drying of concentrated orange juice, on a laboratory scale. 
International Journal of Food Science & Technology, 6(3), 295–307. 
https://doi.org/10.1111/j.1365-2621.1971.tb01618.x

8. Caliskan, G., Dirim, S.N. (2016). The effect of different drying processes 
and the amounts of maltodextrin addition on the powder properties of su-
mac extract powders. Powder Technology, 287, 308–314. 
https://doi.org/10.1016/j.powtec.2015.10.019

9. Can Karaca, A., Guzel, O., Ak, M.M. (2016). Effects of processing conditions 
and formulation on spray drying of sour cherry juice concentrate. Journal 
of the Science of Food and Agriculture, 96(2), 449–455. 
https://doi.org/10.1002/jsfa.7110

10. Caparino, O.A., Tang, J., Nindo, C.I., Sablani, S.S., Powers, J.R., Fellman, J.K. (2012). 
Effect of drying methods on the physical properties and microstructures 
of mango (Philippine ‘Carabao’ var.) powder. Journal of Food Engineering, 
111(1), 135–148. 
https://doi.org/10.1016/j.jfoodeng.2012.01.010

11. Castañeda-Saucedo, M.C., Valdés-Miramontes, E.H., Tapia-Campos, E., 
Delgado-Alvarado, A., Bernardino-García, A.C., Rodríguez-Ramírez, M.R., del 
Pilar Ramirez-Anaya, J. (2014). Effect of freeze-drying and production process 
on the chemical composition and fatty acids profile of avocado pulp. Revista 
Chilena de Nutrición, 41(4), 404–411. 
https://doi.org/10.4067/S0717-75182014000400009

12. Ceylan, İ., Aktaş, M., Doğan, H. (2007). Mathematical modeling of drying 
characteristics of tropical fruits. Applied Thermal Engineering, 27(11–12), 
1931–1936. 
https://doi.org/10.1016/j.applthermaleng.2006.12.020

13. Comerford, K.B., Ayoob, K.T., Murray, R.D., Atkinson, S.A. (2016). The role of avo-
cados in complementary and transitional feeding. Nutrients, 8(5), art. no. 316. 
https://doi.org/10.3390/nu8050316

14. Da Silva, C., Da Silva, C. (2018). U.S. Patent No. 9,894,908. Washington, DC: U.S. 
Patent and Trademark Office.

15. Ferrari, C.C., Germer, S.P.M., Alvim, I.D., Vissotto, F.Z., de Aguirre, J.M. (2012). 
Influence of carrier agents on the physicochemical properties of blackberry 
powder produced by spray drying: Spray drying of blackberry pulp. Interna-
tional Journal of Food Science & Technology, 47(6), 1237–1245. 
https://doi.org/10.1111/j.1365-2621.2012.02964.x 

16. Gómez‐Pérez, L.S., Navarrete, C., Moraga, N., Rodríguez, A., Vega‐Gálvez, A. 
(2020). Evaluation of different hydrocolloids and drying temperatures in the dry-
ing kinetics, modeling, color, and texture profile of murta (Ugni molinae Turcz) 
berry leather. Journal of Food Process Engineering, 43(2), art. no. e13316. 
https://doi.org/10.1111/jfpe.13316

17. Goula, A.M., Adamopoulos, K.G. (2008). Effect of maltodextrin addition during 
spray drying of tomato pulp in dehumidified air: II. Powder properties. Drying 
Technology, 26(6), 726–737. 
https://doi.org/10.1080/07373930802046377 

18. Gujral, H.S., Oberoi, D.P.S., Singh, R., Gera, M. (2013). Moisture diffusivity dur-
ing drying of pineapple and mango leather as affected by sucrose, pectin, 
and maltodextrin. International Journal of Food Properties, 16(2), 359–368. 
https://doi.org/10.1080/10942912.2011.552016 

19. ISO (2005). ISO 14502-1: 2005. Determination of substances characteristic 
of green and black tea—Part 1: Content of total polyphenols in tea-colori-
metric method using Folin-Ciocalteu reagent. International Organization for 
Standardization Switzerland.

20. Lichtenthaler, H.K., Buschmann, C. (2001). Chlorophylls and carotenoids: 
Measurement and characterization by UV‐VIS spectroscopy. Current Protocols 
in Food Analytical Chemistry, 1(1), F4-3. 
https://doi.org/10.1002/0471142913.faf0403s01

21. Lye, H.S., Ong, M.K., Teh, L.K., Chang, C.C., Wei, L.K. (2020). Chapter 4 – Avocado. 
In C.M. Galanakis (Ed.), Valorization of Fruit Processing By-products, Academic 
Press, pp. 67–93. 
https://doi.org/10.1016/B978-0-12-817106-6.00004-6 

22. Nguyen, T.-V.-L., Ngo, P.-T., Huynh, T.-T.-N., Vo, P.-N.-T., Hoang, T.-N.-A., Nguyen, 
P.-B.-D. (2022a). Refractance window drying of mango pulp (Mangifera indica): 
Impact of hydrocolloids on drying characteristics and color parameters. AIP 
Conference Proceedings, 2610(1), art. no. 060022. 
https://doi.org/10.1063/5.0100826

23. Nguyen, T.-V.-L., Nguyen, Q.-D., Nguyen, P.-B.-D. (2022b). Drying kinetics 
and changes of total phenolic content, antioxidant activity and color pa-
rameters of mango and avocado pulp in refractance window drying. Polish 
Journal of Food and Nutrition Sciences, 72(1), 27–38. 
https://doi.org/10.31883/pjfns/144835 

https://orcid.org/0009-0000-9129-6035
https://orcid.org/0000-0001-6827-919X
https://orcid.org/0000-0002-1701-0729
https://orcid.org/0000-0003-1471-6352
https://doi.org/10.1016/S0260-8774(03)00171-7
https://doi.org/10.1111/j.1365-2621.2009.02084.x
https://doi.org/10.1006/abio.1996.0292
https://doi.org/10.1080/07373939308916884
https://doi.org/10.1111/j.1365-2621.1971.tb01618.x
https://doi.org/10.1016/j.powtec.2015.10.019
https://doi.org/10.1002/jsfa.7110
https://doi.org/10.1016/j.jfoodeng.2012.01.010
https://doi.org/10.4067/S0717-75182014000400009
https://doi.org/10.1016/j.applthermaleng.2006.12.020
https://doi.org/10.3390/nu8050316
https://doi.org/10.1111/j.1365-2621.2012.02964.x
https://doi.org/10.1111/jfpe.13316
https://doi.org/10.1080/07373930802046377
https://doi.org/10.1080/10942912.2011.552016
https://doi.org/10.1002/0471142913.faf0403s01
https://doi.org/10.1016/B978-0-12-817106-6.00004-6
https://doi.org/10.1063/5.0100826
https://doi.org/10.31883/pjfns/144835


195

T.V.L. Nguyen et al.

24. Nguyen, T.-V.-L., Nguyen, Q.-D., Nguyen, P.-B.-D., Tran, B.-L., Huynh, P.T. (2020). 
Effects of drying conditions in low-temperature microwave-assisted drying 
on bioactive compounds and antioxidant activity of dehydrated bitter melon 
(Momordica charantia L.). Food Science & Nutrition, 8(7), 3826–3834. 
https://doi.org/10.1002/fsn3.1676 

25. Nguyen, T.-V.-L., Nguyen, Q.-D., Nguyen, T.-T.-D., Nguyen, P.-B.-D. (2021). 
Effects of infrared drying conditions and maltodextrin addition on some 
physicochemical characteristics of avocado (Persea americana) pulp powder. 
Applied Sciences, 11(24), art. no. 11803. 
https://doi.org/10.3390/app112411803 

26. Nindo, C., Tang, J. (2007). Refractance window dehydration technology: 
A novel contact drying method. Drying Technology, 25(1), 37–48. 
https://doi.org/10.1080/07373930601152673

27. Ochoa-Martínez, C., Quintero, P., Ayala, A., Ortiz, M. (2012). Drying character-
istics of mango slices using the Refractance WindowTM technique. Journal 
of Food Engineering, 109(1), 69–75. 
https://doi.org/10.1016/j.jfoodeng.2011.09.032

28. Osorio, C., Forero, D.P., Carriazo, J.G. (2011). Characterisation and performance 
assessment of guava (Psidium guajava L.) microencapsulates obtained by 
spray-drying. Food Research International, 44(5), 1174–1181. 
https://doi.org/10.1016/j.foodres.2010.09.007 

29. Williams, P.A., Phillips, G.O. (2000). Chapter 1 – Introduction to food hydrocol-
loids. In G.O. Phillips and P.A. Williams (Ed.), Handbook of Hydrocolloids. CRC 
Press Boca Raton, FL, pp. 1–22.

30. Puente, L., Vega-Gálvez, A., Ah-Hen, K.S., Rodríguez, A., Pasten, A., Poblete, J., 
Pardo-Orellana, C., Muñoz, M. (2020). Refractance Window drying of gold-
enberry (Physalis peruviana L.) pulp: A comparison of quality characteristics 
with respect to other drying techniques. LWT – Food Science and Technology, 
131, art. no. 109772. 
https://doi.org/10.1016/j.lwt.2020.109772

31. Radosta, S., Schierbaum, F. (1990). Polymer-water interaction of maltodextrins. 
Part III: Non-freezable water in maltodextrin solutions and gels. Starch-Stärke, 
42(4), 142–147. 
https://doi.org/10.1002/star.19900420405

32. Rafidah, H., Ando, Y., Amin, I., Shirai, Y., Mohd Ali, H. (2014). Enhanced poly-
phenol content and antioxidant capacity in the edible portion of avocado 
dried with superheated-steam. International Journal of Advanced Research, 
8, 241–248. 

33. Raghavi, L., Moses, J., Anandharamakrishnan, C. (2018). Refractance window 
drying of foods: A review. Journal of Food Engineering, 222, 267–275. 
https://doi.org/10.1016/j.jfoodeng.2017.11.032

34. Rajoriya, D., Shewale, S.R., Hebbar, H.U. (2019). Refractance window drying 
of apple slices: Mass transfer phenomena and quality parameters. Food 
and Bioprocess Technology, 12, 1646–1658.
https://doi.org/10.1007/s11947-019-02334-7

35. Ramaswamy, H.S., Marcotte, M. (2005). Chapter 5 – Food dehydration. In Food 
Processing: Principles and Applications. CRC Press, Boca Raton, FL, pp. 233-316. 
https://doi.org/10.1201/9780203485248

36. Ratti, C. (2013). Chapter 3 – Freeze drying for food powder production. In 
B. Bhandari, N. Bansal, M. Zhang, P. Schuck (Eds.). Handbook of Food Powders. 
Woodhead Publishing Series in Food Science, Technology and Nutrition, 
pp. 57–84. 
https://doi.org/10.1533/9780857098672.1.57

37. Rudra, S.G., Singh, H., Basu, S., Shivhare, U.S. (2008). Enthalpy entropy com-
pensation during thermal degradation of chlorophyll in mint and coriander 
puree. Journal of Food Engineering, 86(3), 379–387. 
https://doi.org/10.1016/j.jfoodeng.2007.10.020 

38. Singh Gujral, H., Singh Brar, S. (2003). Effect of hydrocolloids on the dehydra-
tion kinetics, color, and texture of mango leather. International Journal of Food 
Properties, 6(2), 269–279. 
https://doi.org/10.1081/JFP-120017846

39. Sobulska, M., Zbicinski, I. (2021). Advances in spray drying of sugar-rich 
products. Drying Technology, 39(12), 1774–1799. 
https://doi.org/10.1080/07373937.2020.1832513

40. Souza, D.S., Marques, L.G., Gomes, E. de B., Narain, N. (2015). Lyophilization 
of avocado (Persea americana Mill.): Effect of freezing and lyophilization 
pressure on antioxidant activity, texture, and browning of pulp. Drying 
Technology, 33(2), 194–204. 
https://doi.org/10.1080/07373937.2014.943766

41. Temu, A. (2013). Effect of temperature and slice size on avocado pulp dry-
ing rate and oil yield. Tanzania Journal of Engineering and Technology, 34(2), 
116–124. 
https://doi.org/10.52339/tjet.v34i2.464

42. Tontul, I., Eroğlu, E., Topuz, A. (2018). Convective and refractance window 
drying of cornelian cherry pulp: Effect on physicochemical properties. Journal 
of Food Process Engineering, 41(8), art. no. e12917. 
https://doi.org/10.1111/jfpe.12917

43. Tontul, I., Topuz, A. (2017). Effects of different drying methods on the phys-
icochemical properties of pomegranate leather (pestil). LWT – Food Science 
and Technology, 80, 294–303. 
https://doi.org/10.1016/j.lwt.2017.02.035

44. Vega-Mercado, H., Góngora-Nieto, M.M., Barbosa-Cánovas, G.V. (2001). Ad-
vances in dehydration of foods. Journal of Food Engineering, 49(4), 271–289. 
https://doi.org/10.1016/S0260-8774(00)00224-7

45. Wang, W., Bostic, T.R., Gu, L. (2010). Antioxidant capacities, procyanidins 
and pigments in avocados of different strains and cultivars. Food Chemistry, 
122(4), 1193–1198. 
https://doi.org/10.1016/j.foodchem.2010.03.114

https://doi.org/10.1002/fsn3.1676
https://doi.org/10.3390/app112411803
https://doi.org/10.1080/07373930601152673
https://doi.org/10.1016/j.jfoodeng.2011.09.032
https://doi.org/10.1016/j.foodres.2010.09.007
https://doi.org/10.1016/j.lwt.2020.109772
https://doi.org/10.1002/star.19900420405
https://doi.org/10.1016/j.jfoodeng.2017.11.032
https://doi.org/10.1007/s11947-019-02334-7
https://doi.org/10.1201/9780203485248
https://doi.org/10.1533/9780857098672.1.57
https://doi.org/10.1016/j.jfoodeng.2007.10.020
https://doi.org/10.1081/JFP-120017846
https://doi.org/10.1080/07373937.2020.1832513
https://doi.org/10.1080/07373937.2014.943766
https://doi.org/10.52339/tjet.v34i2.464
https://doi.org/10.1111/jfpe.12917
https://doi.org/10.1016/j.lwt.2017.02.035
https://doi.org/10.1016/S0260-8774(00)00224-7
https://doi.org/10.1016/j.foodchem.2010.03.114

