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Abstract

Strawberry fruit has a short shelf life. If stored at ambient temperature only lasts 1 day, so it
needsto bedried into afrozen product so that its shelf lifeislonger. Frozen products arefavored
by consumers because they still have properties like fresh fruit. This study was aimed at
examining the physical and sensory characteristics of new product from strawberries produced
from avacuum freeze dryer. The research sample was freeze-dried at 3 variations of the heating
plate temperature were 40, 50, and 60°C and 3 variations of the drying time were 24, 36, and
48 hours. The research parameters observed were weight loss, water content, texture, color,
aroma, and taste. The results showed that the heating plate and drying time had a significant
effect on weight loss, moisture content, texture, and color of frozen strawberries, but did not
affect the aroma and taste. The highest weight loss and evaporation were obtained at 60°C and

48 hours drying time. Frozen strawberries most preferred by panelists are those that are freeze-
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dried at 50°C and a drying time of 36 hours because they have the aroma and flavor that still

matches the fresh strawberries.

Keywords: frozen strawberry; moisture content; texture; color; aroma; taste.

1. Introduction

Strawberry fruit (Fragaria ananassa Duch.) can be found in every country because
amost al countries in the world have cultivated its (Falah, Husna, Dewi, & Jumeri, 2016;
Maclnnis, Buddle, & Forrest, 2020). Thisfruit isloved for consumption becauseit has nutrients
that arevery beneficial for human health (Curi, et a., 2016; Blanch & Castilo, 2012; Giampieri,
et a., 2015; Watson, Noling, & Desaeger, 2020). Strawberries also contain large amounts of
folate (Marian, et al., 2020; Hu, Lu, Guo, & Zhu, 2020). Polyphenols and vitamins are
antioxidant compounds that are found in strawberries (Giampieri, et al., 2015). Polyphenolsin
strawberries such as anti-oxidants, anti-inflammatory, anti-microbial, anti-allergic, and anti-
hypertensive are known to improve health and prevent various types of diseases
(ZhixiangYuan, et a., 2019; Hemmati, Ahmeda, Salehabadi, Zangeneh, & Zangeneh, 2020).
Besides, the vitamin compounds present in strawberries also have a variety of health benefits
including anti-cancer and anti-chronic properties (Battino, et a., 2020; Jiang, et a., 2017). The
Physical structure and nutrient content of fresh strawberriesisshownin Fig. 1. (Gaston, Osorio,

Denoyes, & Rothan, 2019).
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Fig. 1. Physical structure and nutrient content of fresh strawberries.

The post-harvest strawberries have a short shelf life that can only last one day if stored
at environmental temperatures (Souza, Pereira, Silva, Lima, & Pio, 2014; Ozturk & Singh,
2019). This strawberry fruit cannot be sold to consumers if the skin has blisters or bruises
(Balasooriya, Dasanayake, & Ajlouni, 2019). To maintain and increase the shelf life of
strawberries, post-harvest processing for these fruits is necessary (An, Li, Zude-Sasse,
Tchuenbou-Magaia, & Y ang, 2020; Silva, Meireles, & Sadafia, 2020).

Postharvest processing methods for fruits that are commonly used are drying (Hwang, et
al., 2020). However, the skin of strawberriesis very thin, so it is easily broken if dried using
conventional dryers (Tang, Ma, Li, & Wang, 2020). Also, strawberries dried with conventional
dryers have a non-uniform color, so they are less favored by consumers (Karoline Martinsen,
Aaby, & Skrede, 2020). Anthocyanins contained in strawberries can also be damaged during
the conventional drying process. Anthocyanins are unstable at high temperatures, so the
stability of these compounds can be disrupted during the conventional drying process (Mainil,

Aziz, Harianto, & Maini, 2020; Dash, Chase, Agehara, & Zotarell, 2020).
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Frozen fruit is one of the processed fruit products that are very popular with consumers
today (Khattab, Guirguis, Tawfik, & Farag, 2019). Frozen fruit is popular because it has color,
aroma, and taste till like fresh fruit (Bongoni, Steenbekkers, Verkerk, van Boekel, & Dekker,
2013). Frozen products that have been widely circulating on the market today such as frozen
cassava sticks made from fresh cassava are specialy processed, hygienic, and without
preservatives, to produce products that are high in flavor and healthy for consumption by all
ages (Galus & Kadzinska, 2015). Other frozen products are frozen grilled bananas made from
fresh bananas which are split and flattened and then burned (Maringgal, Hashim, Mohamed
Amin Tawakkal, & Muda Mohamed, 2019). The shelf life of this frozen product is still short
because it has high water content (Thi Phan, Truong, Wang, & Bhandari, 2019).

A freeze vacuum dryer is an effective tool for producing high-quality freeze-dried
products when compared to other dryers (Jiang, et a., 2017; Shaozhi, Jielin, Guangming, &
Qin, 2017; Obeidat, Sahni, Kessler, & Pikal, 2017). This freeze vacuum dryer has been used
extensively to obtain high-quality dry products (Qiao, Fang, Huang, & Zhang, 2012; Reyes, et
al., 2010; Schulze, Hubbermann, & Schwarz, 2014). Frozen vacuum dryers can be applied to
strawberries (Xu, Zhang, Mujumdar, Duan, & Jin-cai, 2006; Silva, Meireles, & Saldafia, 2020).
Frozen products produced are in line with the desires and needs of consumers for quality
processed products that are hygienic and quality (Alikhani & Daraei Garmakhany, 2012; Sun,
Li, Jang, Sun, & Li, 2016).

Research on the freeze-drying process for fruits has been widely reported, but no
publications have been found that explain the physical and sensory characteristics of frozen
strawberries produced from frozen vacuum dryers. Publications that have been revealed by
previous researchers, include engineering environmental storage to extend the shelf life of
strawberry fruit (Fernandez-Lara, et a., 2015), the use of modified atmosphere packaging

(Kirkin & Gunes, 2018). Banana chief drying uses avacuum dryer (Khampakool, Soisungwan,
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& Park, 2018). Implement a Solanaceae strategy for enhancing strawberry plants (Asioli, et al.,
2018).

Various research results have been published, but no one has discussed the strategy of
extending the shelf life of strawberries for a longer period. Therefore, this research is very
important to reveal the physical and sensory characteristics of frozen strawberries that can be
used asinformation for the strawberry fruit processing industry to produce frozen products that
are favored by consumers. Thus, this study ams to analyze the physical and sensory

characteristics of strawberries produced from frozen vacuum dryers.

2. Material and methods
2.1. Sample Preparation

The research sample was strawberry variety Fragaria ananassa Duch were obtained
from farmersin Sembalun, East Lombok, Indonesia. Strawberries were sorted and washed with

water, then drained. Then they are stored in therefrigerator at 15°C to wait for the next process.

2.2. Vacuum-Freeze Dryer

Samples were dried using the Merck Christ T2/04 series vacuum freeze dryer. The
temperature of the condenser was set at -52°C. The temperature of the heating plate was set at
3 levels were 40, 50, and 60°C and freeze-drying times were 24, 36, and 48 hours.
Thermocouples are used to monitor product temperatures during drying. Each drying process

was used 2 kg of strawberries.

2.3. Weight Loss Measurement
The weight loss of the sample was measured before and after drying. It was calculated

using the following equation (Hung, et a., 2011):

Weight loss = @ 100% (1)
f
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where, ws = mass of the sample before drying (gram), wa = mass of the sample after drying

(gram).

2.4. Moisture Content

The moisture content of frozen strawberry was determined according to the standard
methods of analysis (Ansar; Nazaruddin; Azis, A D, 2019). Approximately 5 g of the sample
was weighed into acan. The sample was heated to 50+1°C until a constant weight was reached,
transferred to a desiccator, and was weighed soon after it had reached the environment

temperature. The water content of the sample was cal culated by the equation:
M =2 x 100% )

where, M¢ = moisture content (%), a = initial of moisture content (%), b = fina of moisture

content (%).

2.5. Texture Measurement

The texture measurement of frozen strawberries using atexture analyzer with ball probe,
series SMS P/0.25 S. Test mode: compression; pre-test speed: 1.0 mm/s; test speed: 1.0 mm/s;
post-test speed: 5.0 mm/s; target mode: distance: 3 mm; trigger type: auto (force: 10 g); tare
mode: auto. The force of compression is expressed in Newton (N). The greater the force

needed, the higher the texture of frozen strawberries.

2.6. Color Measurement
The color measurement of frozen strawberry using the Chroma meter type AT-13-04
Konica Minolta type CR-400. Color measurement using the Hunter L* & b* color value

system using the following equation (Chapman, et a., 2019):

__ Lightness
255

L*

x100 ©)
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where, L* = 0 (black), L* = 100 (white), a* (-a = greenness, +a = redness), and b* (-b =

blueness, +b = yellowness).

2.7. Sensory Evaluation

Sensory evaluation was used to determine consumer acceptance of frozen strawberries
produced from vacuum freeze dryers related to aroma and taste. There are 25 trained panelists
were used to carry out the sensory analysis. Consist of 10 men and 15 women, aged between
18-40 years. The samples were presented to each panelist with arandom sample. Each panelist
was asked to rate using a hedonic scale ranges from 1-5, where 1= dislike extremely, 2 = dislike
moderately, 3 = dislike, 4 = like moderately, and 5 = like extremely. The sensory evaluation
includes the intensity of aroma and taste (Van de Velde, Esposito, Grace, Pirovani, & Lila,

2018).

2.8. Statistical Analysis

Two-way anaysis of variance was used to determine the effect of heating plate
temperature and freeze-drying time variations on the physical characteristics and sensory of
frozen strawberry. If F-count value is greater than F-crit, it means there is a significant
difference in effect a the 95% significance level. The most influential variables can be

calculated using Duncan’s Multiple Ranges Test (Yu, Low, & Zhou, 2018).

3. Resaults and Discussions

3.1. Weight Loss
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Profile of strawberry weight loss during freeze-vacuum drying at variations at heating

plate temperature and freeze-drying time was shown in Fig. 2. At the beginning of drying,

weight loss decreases rapidly up to 36 hours and then tends to slope until the duration drying

IS 48 hours. After reaching the freezing point, the weight loss not yet change. Based on Fig. 2

it is also shows that the higher of heating plate temperature, the higher the percentage of

strawberry weight loss.

Weight Loss, %

10.0

9.0
8.0
7.0
6.0
5.0
4.0
3.0
2.0
1.0
0.0

24 36 48
Freeze-drying Time (h)

Fig. 2. A profile of strawberry weight loss during freeze-vacuum drying at variations of

heating plate temperature.

The strawberry fruit was freeze-dried at heating plate temperature 60°C and drying time

48 hours had a weight loss of 8.75%, while the samples were dried at the heating plate

temperature of 50 and 40°C have a weight loss of 3.750 and 7.50%, respectively. These data

show that the heating plate temperature has a significant effect on decreasing the weight loss

of strawberries. Freeze-drying time also significantly influencestheweight loss of strawberries.

The longer the freeze-drying time, the higher the weight loss due to the presence of flashes and

sublimation that are getting longer, so that the release of water is also higher.
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The results of the analysis of variance are known that the value of F-count (7.96) is
greater than the F-crit value (5.14). This means that the trestment of variations at heating plate
temperature and freeze-drying time has significant influence (p<0.05) on the decrease in
strawberry weight as aresult of drying (Table 1). This data also shows that the weight loss of

strawberries changes during freeze-drying.

Table 1. Results of analysis of variance of the weight loss parameters of frozen strawberry at

variations heating plate temperature and freeze-drying time.

Sour ce of
SS df MS F P-value F-crit
Variation
Rows 27.79 2 13.89 7.96 0.020 5.14
Columns 78.48 3 26.16 14.98 0.003 4.76
Error 10.48 6 1.75
Total 116.76 11

The fruit weight loss is generally affected by the evaporation of moisture content during
the drying process (Jaster, et al., 2018). During the drying process there is a decomposition of
organic compounds into inorganic compounds, namely compounds that are oxidized to CO2
and absorb O, then reduced to H2>O. The respiration process aso causes changes in
carbohydrate compounds and produces CO. (Thomas-Valdés, Theoduloz, Jiménez-Aspee, &
Schmeda-Hirschmann, 2019). The respiration process takes place continuously, so that the

drying longer, the reduction in mass in the fruit also increases (Buvé, et al., 2018).

3.2. Moisture Content
The analysis results of the frozen strawberry moisture content ranged from 90-95%.
Evaporation of the moisture content of strawberry during the vacuum-freeze dryer as shownin

9
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Fig. 3. At the beginning of drying, the moisture content runs very fast until the 24 hour, then
runs slowly at the 36 hour to reach the equilibrium point at the 48 hour. This data proves that
the curve of decreasing moisture rate shows a pattern that is consistent with the results of other
studies (Thomas-Valdés, S; Theoduloz, C; Jiménez-Aspee, F;, Burgos-Edwards, A; Schmeda-

Hirschmann, G, 2018).
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0 24 36 48
Freeze-drying Time (h)

Fig. 3. Evaporation of strawberry moisture content during a vacuum-freeze drying at heating

plate temperature and freeze-drying time variations.

The strawberry moisture content is still stable during the drying process at treatment
variation of heating plate temperatures. The stability of this moisture content shows low
metabolic activity during the drying process. Other researchers also reported that strawberries
stored at freezing temperatures still occur in the process of respiration, namely the release of
water (H20) and carbon dioxide (CO2) (Pan, Zhang, Zhu, Mao, & Tu, 2014).

Evaporation of moisture content from fruit cells occurs during the drying process as a
result of the sublimation of water to ice crystals. The moisture content evaporates from the cell

then freezes on the surface of the fruit skin. Changes in moisture content into ice crystals occur

10
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by absorbing water from cells so that the fruit cells become dry and the surface of the fruit skin
wrinkles (Falah, Husna, Dewi, & Jumeri, 2016).

The analysis of variance results shows that F-count (8.68) is greater than the F-crit value
(5.14) (Table 2). This means that variations at the treatment of heating plate temperature and
freeze-drying time have a significant influence (p<0.05) on the frozen strawberry moisture
content. This showsthat thereis a significant change in the strawberry moisture content during
the freeze-drying process. The same has been explained by Gaston et al. (2019) that the

strawberry moisture content decreases during freeze-drying.

Table 2. Results analysis of variance of the frozen strawberry moisture content parameters at

heating plate temperature and freeze-drying time variations.

Source of Variation SS df MS F P-value F-crit
Rows 2.49 2 1.25 8.68 0.017 5.14
Columns 25.34 3 8.44 58.91 7.65E-05 4.76
Error 0.86 6 0.14

Total 28.67 11

3.3. Texture Determination

The frozen strawberry texture was determinates based on pressing strength (F-max
value). The F-max value for the treatment of heating plate temperature of 40°C and freeze-
drying time of 24, 36, and 48 hours of 0.15; 0.14; and 0.14 N, respectively. For the treatment
of heating plate temperature of 50°C and freeze-drying time 24, 36, and 48 hours, the F-max
valuesare 0.16; 0.15; and 0.15 N, and at heating plate temperature 60°C and freeze-drying time

24, 36, and 48 hours, the F-max value are 0.16; 0.16; and 0.17 N.

11
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In general, the strawberry texture has decreased after freeze-drying (Fig. 4). The
mechanical strength of the fruit decreases due to the evaporation of moisture content so that
the volume of strawberry fruit is also reduced. The same has been reported by Asioli, et al.
(2018) that mechanical resistance to compression, shear force, and strawberry stiffness

decreases after drying.

0.17
0.17
0.16

0.15 —e40°C ! T
0.15 -~ 50°C

Texture (
o

0.14
0.13

0 24 36 48
Freeze-drying Time (h)

Fig. 4. Graph of texture changes of frozen strawberries during vacuum-freeze dryer at heating

plate temperature variations.

Frozen strawberries have a soft and wrinkled texture because some moisture content has
evaporated. Thisisin line with the report Alikhani and Daraei Garmakhany (2012) that if the
moisture content in fruit cell s decreases due to evaporation during drying, the skin cells become
soft, limp and dry, so the fruit looks wrinkled. The texture of strawberries changes during
storage due to moisture evaporation (Asioli, et a., 2018). If the moisture content in the cell
decreases, the cell becomes soft and weak (Jorge, et a., 2018).

The variance of analysis results for texture parameters indicates that the F-count value
(8.183) is greater than the F-crib vaue (5,143) (Table 3). This means that the treatment of

12
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variationsin heating plate temperature and freeze-drying time has significant influence (p> 0.5)
on the strawberry texture. It also shows that the texture of strawberries undergoes significant

changes during the drying process.

Table 3. The analysis of variance results for frozen strawberry texture parameters at heating

plate temperature and freeze-drying time variations.

Sour ce of
SS Df MS F P-value F-crit
Variation
Rows 2.86 2 1.43 8.18 0.02 5.14
Columns 2.67 3 0.89 5.09 0.044 4.76
Error 1.05 6 0.17
Total 6.57 11

3.4. Color Analysis

Color was the main parameter for consumers for determining the quality of processed
food products. The product color can be easily seen visually by the sense of sight without using
the equipment. The color difference between fresh and frozen strawberries from the results of
this study is shown in Fig. 5. Based on this figure it is can be seen that the color of fresh

strawberry is greenish-red, while frozen strawberry is dark red.
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Fig. 5. Strawberry fruit, (A) before freeze-drying and (B) after freeze-drying

Graph of the color changes of frozen strawberries as shown in Fig. 6. The color

components of dried strawberry tend to decrease during the drying process. It can be seen that

the strawberry color changes from red to dark red during the drying process.

Lightness (L)

66

(o]
N

D
o

a1
(0]

a
»

52

24 36 48
Freeze-drying Time (h)

(A)

14



O©CoO~NOOOUTA,WNPE

NNRPRPRRRPRRRRRERER
RPOOWO~NOURAWNREO

22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65

260
261

262

263
264

265

266

267

268

269

62
- 60
B 58
[
B 56
(0

52
50

—— 400C
-9 50°C
-9 60°C

e

e - .

e 4
//'//
_— & By
0 24 36 "

Freeze-drying Time (h)

(B)

Yellowness (L)
N DN N DN DN W W w w
O OO NN 0 © O F N W

— e
o
—®
~%-40°C
-4 50°C
-e 60°C
0 24 36 48
Freeze-drying Time (h)

Fig. 6. Graph of color change (A) lightness, (B) redness, and (C) yellowness of frozen
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strawberry at heating plate temperature variation.

Based on Fig. 6, it can be seen that the redness color component increases during the

drying process. Thisindicates that the color of the strawberries before being dried is greenish-
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red and then turns into a maroon after drying. While yellowness colors tend to decrease after
drying. The discoloration of the strawberries becomes dark because of the enzymatic browning
process. The enzymatic browning process occurs because of the reaction between polyphenol
oxidase and oxygen enzymes with phenolic substrates on strawberry fruit (Chisari, Riccardo,
Barbagallo, & Spagna, 2007). Some researchers aso report that color is the most important
criterion for consumers in determining product choices (Y ue, Shang, Y ang, Huang, & Wang,
2019).

The results analysis of variance obtained F-count values (5.84) greater than the F-crit
value (5.14) (Table 4). Thisdatameansthat variations of heating plate temperature and freeze-
drying time have significantly (p<0.05) on the color parameters of frozen strawberries. Thus,

during the freeze-drying process, there has been a change in color from bright red to dark red.

Table 4. Results of analysis of variance for frozen strawberry color parameters at variations

heating plate temperature and freeze-drying time.

Sour ce of
SS df MS F P-value F-crit
Variation
Rows 6.17 2 3.08 5.84 0.04 514
Columns 68.33 3 22.78 43.16 0.00 4.76
Error 3.17 6 0.53
Tota 77.67 11

The color change that occursin strawberriesis one of the important factorsin the freeze-
drying process. The same analogy has been explained by Jiang et a. (2020) that the color
changes of strawberries during storage at room temperature occur significantly, but the changes

are not significant at cold temperatures. This color changeis aso influenced by changesin the
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physiology and chemistry of strawberries. The color change of strawberries is the process of
synthesizing carotenoid pigments and flavonoids (Lesme, et al., 2020).

The strawberry fruit has ared pigment that comes from the concentration of anthocyanins
(Patras, Brunton, Pieve, & Butler, 2009; Gaston, Osorio, Denoyes, & Rothan, 2019). Thelower
the concentration of anthocyanins, the color of the fruit becomes purple, on the contrary, if the
concentration of anthocyaninsis very high, the color of the fruit can be blackish (Asioli, et al.,
2018). For low pH, anthocyanins can have ared effect on fruit, while for neutral pH the color
of the fruit becomes blue, and for high pH, the fruit color becomes pale (Ozcan & Barringer,
2011). Besides, the formation of pigmentsin the fruit is aso influenced by temperature, light,
and carbohydrate content (Curi, et a., 2016). The higher the place where the plant grows, the

higher the anthocyanin content of the fruit (Brown, Durst, Wrolstad, & De Jong, 2008).

3.5. Sensory Tests

Sensory tests for frozen strawberries were carried out by 25 trained pandlists. This test
uses an assessment method with arange of valuesfrom 1 to 5 to measure the panelist preference
level for the parameters of the aroma and taste of frozen strawberries. The results of the
pandlist's assessment of the aroma and taste of frozen strawberries are presented in Fig. 7A and

7B.
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Fig. 7. The results of the panelist's assessment of the aroma (A) and taste (B) of frozen

strawberries

Based on data from the judicial assessment of the aroma of frozen strawberries, it is
known that 36% of panelists answered very like, 32% said they liked, and only 16% stated
neutral, 12% disliked, and 4% said they really disliked (Fig. 7A). This data shows that in
genera frozen strawberriesin various variations of freeze-drying treatment are still favored by
consumers because they have afresh fruit-like aroma.
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The use of low temperatures during freeze drying does not significantly affect the
aroma of frozen strawberries. Thisisin line with the results of research conducted by Sun et
al. (2016) that the use of a vacuum freeze dryer is safer against the risk of degradation of
product aroma changes. This happens because the temperature used for drying is low
temperature. Karoline et al. (2020) have also reported that samples that are dried in freeze-
drying are first frozen, then dried using low pressure, resulting in a sublimation process in
which the water content that was frozen turns into steam.

Another indicator of consumer acceptance of frozen food products is taste. As reported
by Yusufe et al. (2017) that taste is an indicator of organoleptic food quality which is formed
asaresult of stimulation of the taste buds (tongue) that make up the overall flavor of the product
being assessed.

Theresults of the panelist's assessment of the taste of frozen strawberries found that 44%
of panelists said they really liked, 32% said they liked, 12% said they were neutral, 8% said
they didn't like it, and only 4% who said they really didn't like it (Fig. 7B). Based on this data
it can be said that in general the taste of frozen strawberriesis also very favored by panelists.
The taste of frozen strawberry products is no different from the taste found in fresh
strawberries.

A frozen food product even though it has an attractive appearance and color and isloved
by consumers, but its acceptance will decrease if there has been a deviation of taste (Ansar;
Nazaruddin; Azis, A D, 2019). Strawberry fruit has a sweet and sour taste (citrus) that is fresh
and soft (Y ue, Shang, Yang, Huang, & Wang, 2019). This compound is not easily evaporated

by the influence of environmental temperature (Souza, Pereira, Silva, Lima, & Pio, 2014).

4. Conclusion
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The temperature of the heating plate and freeze drying time significantly influence the
parameters of weight loss, water content, texture, and color, but do not significantly influence
the aroma and flavor parameters of new product from a frozen strawberries. Average weight
loss ranged from 3.75-8.75%, moisture content ranged from 2.80-4.20%, textures ranged from
0.30-2.13%, and colors ranged from 3.50-7.00%. Based on the results of sensory tests
consisting of aromas and flavors, it is known that frozen strawberries do not change
significantly during the freeze drying process. This research isimportant asinformation for the

strawberry processing industry to new product that are liked by consumers.
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Abstract

Strawberry fruit has a short shelf life. If stored at ambient temperature only lasts 1 day, so it
needsto bedried into afrozen product so that itsshelf lifeislonger. Frozen productsare favored
by consumers because they still have properties like fresh fruit. This study was aimed at
examining the physical and sensory characteristics of new product from strawberries produced
from avacuum freeze dryer. The research sample wasfreeze-dried at 3 variations of the heating
plate temperature were 40, 50, and 60 °C and 3 variations of the drying time were 24, 36, and
48 hours. The research parameters observed were weight loss, water content, texture, color,
aroma, and taste. The results showed that the freeze-vacuum drying process has a significant
influence on the paramaters of weight loss, moisture content, texture, and color of frozen
strawberries, but does not influence significantly to aroma and taste. The highest weight loss

and evaporation were obtained at 60 °C and 48 hours drying time. Frozen strawberries most
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preferred by panelists are those that are freeze-dried at 50 °C and a drying time of 36 hours

because they have aroma and flavor that seem fresh strawberries.

K eywor ds. frozen strawberry; moisture content; texture; color; aroma; taste.

1. Introduction

Strawberry fruit (Fragaria ananassa Duch.) can be found in every country because
amost al countries in the world have cultivated its (Falah, Husna, Dewi, & Jumeri, 2016;
Maclnnis, Buddle, & Forrest, 2020). Thisfruit isloved for consumption because it hasnutrients
that are very beneficial for human health (Curi, et a., 2016; Blanch & Castilo, 2012; Giampieri,
et al., 2015; Watson, Noling, & Desaeger, 2020). Strawberries also contain large amounts of
folate (Marian, et a., 2020; Hu, Lu, Guo, & Zhu, 2020). Polyphenols and vitamins are
antioxidant compounds that are found in strawberries (Giampieri, et a., 2015). Polyphenolsin
strawberries such as anti-oxidants, anti-inflammatory, anti-microbial, anti-allergic, and anti-
hypertensive are known to improve health and prevent various types of diseases
(ZhixiangY uan, et al., 2019; Hemmati, Ahmeda, Salehabadi, Zangeneh, & Zangeneh, 2020).
Besides, the vitamin compounds present in strawberries aso have a variety of health benefits
including anti-cancer and anti-chronic properties (Battino, et al., 2020; Jiang, et al., 2017). The
Physical structure and nutrient content of fresh strawberries is shown in Figure 1. (Gaston,

Osorio, Denoyes, & Rothan, 2019).
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Figure 1. Physical structure and nutrient content of fresh strawberries.

The post-harvest strawberries have a short shelf life that can only last one day if stored
at environmental temperatures (Souza, Pereira, Silva, Lima, & Pio, 2014; Ozturk & Singh,
2019). This strawberry fruit cannot be sold to consumers if the skin has blisters or bruises
(Balasooriya, Dasanayake, & Ajlouni, 2019). To maintain and increase the shelf life of
strawberries, post-harvest processing for these fruits is necessary (An, Li, Zude-Sasse,
Tchuenbou-Magaia, & Yang, 2020; Silva, Meireles, & Sadafia, 2020).

Postharvest processing methods for fruits that are commonly used are drying (Ansar;
Nazaruddin; Azis, A D, 2020; Hwang, et al., 2020). However, the skin of strawberriesis very
thin, so it is easily broken if dried using conventional dryers (Tang, Ma, Li, & Wang, 2020).
Also, strawberries dried with conventiona dryers have a non-uniform color, so they are less
favored by consumers (Karoline Martinsen, Aaby, & Skrede, 2020). Anthocyanins contained
in strawberries can also be damaged during the conventional drying process. Anthocyanins are
unstable at high temperatures, so the stability of these compounds can be disrupted during the
conventional drying process (Mainil, Aziz, Harianto, & Maini, 2020; Dash, Chase, Agehara,

& Zotarell, 2020).
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Frozen fruit is one of the processed fruit products that are very popular with consumers
today (Khattab, Guirguis, Tawfik, & Farag, 2019). Frozen fruit is popular because it has color,
aroma, and taste still like fresh fruit (Bongoni, Steenbekkers, Verkerk, van Boekel, & Dekker,
2013). Frozen products that have been widely circulating on the market today such as frozen
cassava sticks made from fresh cassava are specially processed, hygienic, and without
preservatives, to produce products that are high in flavor and heathy for consumption by all
ages (Galus & Kadzinska, 2015). Other frozen products are frozen grilled bananas made from
fresh bananas which are split and flattened and then burned (Maringgal, Hashim, Mohamed
Amin Tawakkal, & Muda Mohamed, 2019). The shelf life of this frozen product is still short
because it has high water content (Thi Phan, Truong, Wang, & Bhandari, 2019).

A freeze vacuum dryer is an effective tool for producing high-quality freeze-dried
products when compared to other dryers (Jiang, et al., 2017; Shaozhi, Jielin, Guangming, &
Qin, 2017; Obeidat, Sahni, Kesder, & Pikal, 2017). This freeze vacuum dryer has been used
extensively to obtain high-quality dry products (Qiao, Fang, Huang, & Zhang, 2012; Reyes, et
al., 2010; Schulze, Hubbermann, & Schwarz, 2014). Frozen vacuum dryers can be applied to
strawberries (Xu, Zhang, Mujumdar, Duan, & Jin-cai, 2006; Silva, Meireles, & Saldafia, 2020).
Frozen products produced are in line with the desires and needs of consumers for quality
processed products that are hygienic and quality (Alikhani & Daragl Garmakhany, 2012; Sun,
Li, Jang, Sun, & Li, 2016).

Research on the freeze-drying process for fruits has been widely reported
(Lohachoompol, Srzednicki, & Craske, 2004; Giuffre, Louad], Rizzo, De Salvo, & Sicari,
2019), but no publications have been found that explain the physical and sensory characteristics
of frozen strawberries produced from frozen vacuum dryers. Publications that have been
revealed by previousresearchers, include engineering environmental storageto extend the shelf

life of strawberry fruit (Fernandez-Lara, et al., 2015), the use of modified atmosphere
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packaging (Kirkin & Gunes, 2018). Banana chief drying uses a vacuum dryer (Khampakool,
Soisungwan, & Park, 2018). Implement a solanaceae strategy for enhancing strawberry plants
(Asioli, et a., 2018). Evauation of the effect of modified atmospheric packaging (MAP) on
strawberry storage (Peano, Girgenti, & Giuggioli, 2014). Coating method to maintain the
organoleptic and functional properties of strawberries (Sicari, Loizzo, Pellicano, Giuffre, &
Poiana, 2020). Effect of lemon verbena bio-extract on phytochemical and antioxidant capacity
of strawberry fruit during cold storage (Moshari-Nasirkandi, Alirezalu, & Hachesu, 2020).
Based on some of the arguments mentioned above, the purpose of this study was to
analyze the physical and sensory characteristics of strawberries produced from frozen vacuum

dryers.

2. Material and methods
2.1. Sample Preparation

The research sample was strawberry variety sweet charlie were obtained from farmersin
Sembalun, East Lombok, Indonesia. Strawberries were sorted and washed with water, then

drained. Then they were stored in the refrigerator at 10 °C to wait for the next process.

2.2. Vacuum-Freeze Dryer

Samples were dried using the Merck Christ T2/04 series vacuum freeze dryer. The
temperature of the condenser was set at -52 °C. The temperature of the heating plate was set at
3 levels were 40, 50, and 60 °C and freeze-drying times were 24, 36, and 48 hours.
Thermocouples are used to monitor product temperatures during drying. Each drying process

was used 2 kg of strawberries. Each trestment was repeated three times,

2.3. Weight L oss Measurement
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The weight loss of the sample was measured before and after drying. It was cal culated

using the following equation (Hung, et a., 2011):

Wr—Wq

Weight loss = 100% Q)

Wy
where, ws = mass of the sample before drying (gram), wg = mass of the sample after drying

(gram).

2.4. Moisture Content

The moisture content of frozen strawberry was determined according to the standard
methods of analysis (Ansar; Nazaruddin; Azis, A D, 2019). Approximately 5 g of the sasmple
was weighed into acan. The samplewas heated to 50+1 °C until aconstant weight was reached,
transferred to a desiccator, and was weighed soon after it had reached the environment

temperature. The water content of the sample was calculated by the equation:
M, = 2% 100% )

where, M¢ = moisture content (%), a = initial of moisture content (%), b = final of moisture

content (%).

2.5. Texture Measurement

The texture measurement of frozen strawberries using a texture anayzer with ball probe,
series SMS P/0.25 S. Test mode: compression; pre-test speed: 1.0 mn/s; test speed: 1.0 mm/s,
post-test speed: 5.0 mm/s; target mode: distance: 3 mm; trigger type: auto (force: 10 g); tare
mode: auto. The force of compression is expressed in Newton (N). The greater the force

needed, the higher the texture of frozen strawberries.

2.6. Color Measurement
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The color measurement of frozen strawberry using the Chroma meter type AT-13-04
Konica Minolta type CR-400. Color measurement using the Hunter L* a* b* color value

system using the following equation (Chapman, et al., 2019):

__ Lightness

« _ 240a
a’ =22 120 (4)
b =22 _ 120 (5)

255

where, L* = 0 (black), L* = 100 (white), & (-a = greenness, +a = redness), and b* (-b =

blueness, +b = yellowness).

2.7. Sensory Test

Sensory test was used to determine consumer’s acceptance of frozen strawberries were
produced from vacuum freeze dryers that relate to aroma and taste. There are 25 panelists to
carry out the sensory test. Consist of 10 men and 15 women, who aged 18-40 years old. The
samples were presented by panelists with random sample. Before the panelists gave an
assessment, fresh strawberries were provided as a control sample. Each panelist was asked to
rate using a hedonic scale rangesfrom 1-5, where 1= disike extremely, 2 = disike moderately,
3 = didike, 4 = like moderately, and 5 = like extremely. The sensory evaluation includes the

intensity of aroma and taste (Van de Velde, Esposito, Grace, Pirovani, & Lila, 2018).

2.8. Statistical Analysis

Two-way analysis of variance was used to determine the effect of heating plate
temperature and freeze-drying time variations on the physical characteristics and sensory of
frozen strawberry. If F-count value is greater than F-crit, it means there is a sgnificant
difference in effect at the 95% significance level. The most influential variables can be

calculated using Duncan’s Multiple Ranges Test (Yu, Low, & Zhou, 2018).
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3. Results and Discussions

3.1. Weight Loss

Profile of strawberry weight loss during freeze-vacuum drying at variations at heating

plate temperature and freeze-drying time was shown in Figure 2. At the beginning of drying,

weight loss decreases rapidly up to 36 hours and then tends to slope until the duration drying

is48 hours. After reaching the freezing point, the weight loss not yet change. Based on Figure

2 it is also shows that the higher of heating plate temperature, the higher the percentage of

strawberry weight loss.

Weight loss, %

10.0

9.0
8.0
7.0
6.0
5.0
4.0
3.0
2.0
1.0
0.0

i ~+-40°C
~= 50°C
i — A 60 OC //////A -
36 48
Freeze-drying Time (h)

Figure 2. A profile of strawberry weight loss during freeze-vacuum drying at variations of

heating plate temperature.

The strawberry fruit was freeze-dried at heating plate temperature 60 °C and drying time

48 hours had a weight loss of 8.75%, while the samples were dried at the heating plate

temperature of 50 and 40 °C have a weight loss of 3.750 and 7.50%, respectively. These data

show that the heating plate temperature has a significant effect on decreasing the weight loss

of strawberries. Freeze-drying time al so significantly influencesthe weight loss of strawberries.
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The longer the freeze-drying time, the higher the weight loss due to the presence of flashes and
sublimation that are getting longer, so that the release of water is also higher.

The results of the analysis of variance are known that the value of F-count (7.96) is
greater than the F-crit value (5.14). This means that the treatment of variations at heating plate
temperature and freeze-drying time has significant influence (p<0.05) on the decrease in
strawberry weight as a result of drying (Table 1). This data aso shows that the weight loss of

strawberries changes during freeze-drying.

Table 1. Results of anaysis of variance of the weight |oss parameters of frozen strawberry at

variations heating plate temperature and freeze-drying time.

Sour ce of
SS df MS F P-value F-crit
Variation
Rows 27.79 2 13.89 7.96 0.020 5.14
Columns 78.48 3 26.16 14.98 0.003 4.76
Error 10.48 6 1.75
Tota 116.76 11

The fruit weight lossis generally affected by the evaporation of moisture content during
the drying process (Jaster, et d., 2018). During the drying process there is a decomposition of
organic compounds into inorganic compounds, namely compounds that are oxidized to CO2
and absorb Oy, then reduced to H>O. The respiration process also causes changes in
carbohydrate compounds and produces CO; (Thomas-Vadés, Theoduloz, Jiménez-Aspee, &
Schmeda-Hirschmann, 2019). The respiration process takes place continuoudy, so that the

drying longer, the reduction in mass in the fruit also increases (Buvé, et al., 2018).

3.2. Moisture Content
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The analysis results of the frozen strawberry moisture content ranged from 90-95%.
Evaporation of the moisture content of strawberry during the vacuum-freeze dryer as shownin
Figure 3. At the beginning of drying, the moisture content drop dramatically until 24th hour,
then they decrease at 36th hour and they stable at 48th hour. This data proves that the curve of
decreasing moisture rate shows a pattern that is consistent with the results of other studies
(Thomas-Valdés, S; Theoduloz, C; Jménez-Aspee, F;, Burgos-Edwards, A; Schmeda-

Hirschmann, G, 2018).

95
40 °C
94 ~—4-50°C
< —+—60°C
5 93
c
o
o
o
5 92
v
o
=
91
—A
90
0 24 36 48
Freeze-drying Time (h)

Figure 3. Evaporation of strawberry moisture content during a vacuum-freeze drying at

heating plate temperature and freeze-drying time variations,

The strawberry moisture content is still stable during the drying process at treatment
variation of heating plate temperatures. The stability of this moisture content shows low
metabolic activity during the drying process. Other researchers also reported that strawberries
stored at freezing temperatures still occur in the process of respiration, namely the release of

water (H20) and carbon dioxide (CO2) (Pan, Zhang, Zhu, Mao, & Tu, 2014).

10
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Evaporation of moisture content from fruit cells occurs during the drying process as a
result of the sublimation of water to ice crystals. The moisture content evaporates from the cell
then freezes on the surface of the fruit skin. Changesin moisture content into ice crystals occur
by absorbing water from cells so that the fruit cells become dry and the surface of the fruit skin
wrinkles (Falah, Husna, Dewi, & Jumeri, 2016).

The analysis of variance results shows that F-count (8.68) is greater than the F-crit value
(5.14) (Table 2). This means that variations at the treatment of heating plate temperature and
freeze-drying time have a significant influence (p<0.05) on the frozen strawberry moisture
content. This showsthat there isa significant change in the strawberry moisture content during
the freeze-drying process. The same has been explained by Gaston et al. (2019) that the

strawberry moisture content decreases during freeze-drying.

Table 2. Results analysis of variance of the frozen strawberry moisture content parameters at

heating plate temperature and freeze-drying time variations.

Source of Variation SS df MS F P-value F-crit
Rows 2.49 2 1.25 8.68 0.017 5.14
Columns 25.34 3 8.44 58.91 7.65E-05 4.76
Error 0.86 6 0.14

Total 28.67 11

3.3. Texture Determination

The frozen strawberry texture was determinates based on pressing strength (F-max
value). The F-max value for the treatment of heating plate temperature of 40 °C and freeze-
drying time of 24, 36, and 48 hours of 0.15; 0.14; and 0.14 N, respectively. For the treatment

of heating plate temperature of 50 °C and freeze-drying time 24, 36, and 48 hours, the F-max

11
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values are 0.16; 0.15; and 0.15 N, and at heating plate temperature 60 °C and freeze-drying
time 24, 36, and 48 hours, the F-max value are 0.16; 0.16; and 0.17 N.

In genera, the strawberry texture has decreased after freeze-drying (Figure 4). The
mechanical strength of the fruit decreases due to the evaporation of moisture content so that
the volume of strawberry fruit is aso reduced. The same has been reported by Asioli, et al.
(2018) that mechanical resistance to compression, shear force, and strawberry stiffness

decreases after drying.

0.17
0.17
0.16

0.15 —e-40°C

x

2 0.15 - 50°C

0.14 60 °C [

0 24 36 48
Freeze-drying Time (h)

Figure 4. Graph of texture changes of frozen strawberries during vacuum-freeze dryer at

heating plate temperature variations.

Frozen strawberries have a soft and wrinkled texture because some moisture content has
evaporated. Thisisin line with the report Alikhani and Daraei Garmakhany (2012) that if the
moisture content in fruit cells decreases due to evaporation during drying, the skin cellsbecome
soft, limp and dry, so the fruit looks wrinkled. The texture of strawberries changes during
storage due to moisture evaporation (Asioli, et a., 2018). If the moisture content in the cell

decreases, the cell becomes soft and weak (Jorge, et al., 2018).

12
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The variance of analysis results for texture parameters indicates that the F-count value
(8.183) is greater than the F-crit value (5,143) (Table 3). This means that the treatment of
variations in heating plate temperature and freeze-drying time has significant influence
(p<0.05) on the strawberry texture. It also shows that the texture of strawberries undergoes

significant changes during the drying process.

Table 3. The analysis of variance results for frozen strawberry texture parameters at heating

plate temperature and freeze-drying time variations.

Sour ce of
SS Df MS F P-value F-crit
Variation
Rows 2.86 2 1.43 8.18 0.02 5.14
Columns 2.67 3 0.89 5.09 0.044 4.76
Error 1.05 6 0.17
Total 6.57 11

3.4. Color Analysis

Color was the main parameter for consumers for determining the quality of processed
food products. The product color can be easily seen visually by the sense of sight without using
the equipment. The color difference between fresh and frozen strawberries from the results of
this study is shown in Figure 5. Based on this figure it is can be seen that the color of fresh

strawberry is greenish-red, while frozen strawberry is dark red.

13
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256 Graph of the color changes of frozen strawberries as shown in Figure 6. The color

257  components of dried strawberry tend to decrease during the drying process. It can be seen that
258  the strawberry color changes from red to dark red during the drying process.
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Figure 6. Graph of color change (A) lightness (L*), (B) redness (a*), and (C) yellowness

(b*)of frozen strawberry at heating plate temperature variation.

Based on Figure 6, it can be seen that the redness color component increases during the

drying process. Thisindicates that the color of the strawberries before being dried is greenish-
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red and then turns into a maroon after drying. While yellowness colors tend to decrease after
drying. The discoloration of the strawberries becomes dark because of the enzymatic browning
process. The enzymatic browning process occurs because of the reaction between polyphenol
oxidase and oxygen enzymes with phenolic substrates on strawberry fruit (Chisari, Riccardo,
Barbagallo, & Spagna, 2007). Some researchers also report that color is the most important
criterion for consumers in determining product choices (Y ue, Shang, Yang, Huang, & Wang,
2019).

The results analysis of variance obtained F-count values (5.84) greater than the F-crit
value (5.14) (Table 4). This data meansthat variations of heating plate temperature and freeze-
drying time have significantly (p<0.05) on the color parameters of frozen strawberries. Thus,

during the freeze-drying process, there has been a change in color from bright red to dark red.

Table 4. Results of analysis of variance for frozen strawberry color parameters at variations

heating plate temperature and freeze-drying time.

Sour ce of
SS df MS F P-value F-crit
Variation
Rows 6.17 2 3.08 5.84 0.04 5.14
Columns 68.33 3 22.78 43.16 0.00 4.76
Error 3.17 6 0.53
Total 77.67 11

The color change that occursin strawberriesis one of theimportant factorsin the freeze-
drying process. The same analogy has been explained by Jiang et a. (2020) that the color
changes of strawberries during storage at room temperature occur significantly, but the changes

are not significant at cold temperatures. This color change is aso influenced by changesin the

16
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physiology and chemistry of strawberries. The color change of strawberries is the process of
synthesizing carotenoid pigments and flavonoids (Lesme, et al., 2020).

The strawberry fruit hasared pigment that comes from the concentration of anthocyanins
(Patras, Brunton, Pieve, & Butler, 2009; Gaston, Osorio, Denoyes, & Rothan, 2019). Thelower
the concentration of anthocyanins, the color of the fruit becomes purple, on the contrary, if the
concentration of anthocyaninsis very high, the color of the fruit can be blackish (Asioli, et a.,
2018). For low pH, anthocyanins can have ared effect on fruit, while for neutral pH the color
of the fruit becomes blue, and for high pH, the fruit color becomes pale (Ozcan & Barringer,
2011). Besides, the formation of pigmentsin the fruit is also influenced by temperature, light,
and carbohydrate content (Curi, et al., 2016). The higher the place where the plant grows, the

higher the anthocyanin content of the fruit (Brown, Durst, Wrolstad, & De Jong, 2008).

3.5. Sensory Tests

Sensory tests for frozen strawberries were carried out by 25 panelists. This test uses an
assessment method with values from 1-5 to measure the panelist preference level for the
parameters of the aroma and taste of frozen strawberries. The results of the panelist's

assessment of the aroma and taste of frozen strawberries are presented in Figure 7A and 7B.

= Really disiked
= Didike 4%

B Very like
Neutral
16% \ 36%

32%
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Figure 7. The results of the panelist's assessment of the aroma (A) and taste (B) of frozen

strawberries

Based on data from the judicial assessment of the aroma of frozen strawberries, it is
known that 36% of panelists answered very like, 32% said they liked, and only 16% stated
neutral, 12% didiked, and 4% said they redlly didliked (Figure 7A). This data shows that in
general frozen strawberriesin various variations of freeze-drying treatment are still favored by
consumers because they have a fresh fruit-like aroma.

The use of low temperatures during freeze drying does not significantly affect the
aroma of frozen strawberries. Thisisin line with the results of research conducted by Sun et
al. (2016) that the use of a vacuum freeze dryer is safer against the risk of degradation of
product aroma changes. This happens because the temperature used for drying is low
temperature. Karoline et al. (2020) have also reported that samples that are dried in freeze-
drying are first frozen, then dried using low pressure, resulting in a sublimation process in

which the water content that was frozen turns into steam.

18



325

326

327

328

329

330

331

332

333

334

335

336

337

338

339

340

341

342

343

345

346

347

348

349

Another indicator of consumer acceptance of frozen food products is taste. As reported
by Yusufe et al. (2017) that taste is an indicator of organoleptic food quality which is formed
asaresult of stimulation of the taste buds (tongue) that make up the overall flavor of the product
being assessed.

Theresults of the panelist's assessment of the taste of frozen strawberries found that 44%
of pandlists said they really liked, 32% said they liked, 12% said they were neutral, 8% said
they didn't like it, and only 4% who said they really didn't like it (Figure 7B). Based on this
data it can be said that in general the taste of frozen strawberries is aso very favored by
panelists. The taste of frozen strawberry products is no different from the taste found in fresh
strawberries.

A frozen food product even though it has an attractive appearance and color and isloved
by consumers, but its acceptance will decrease if there has been a deviation of taste (Ansar;
Nazaruddin; Azis, A D, 2019). Strawberry fruit has a sweet and sour taste (citrus) that isfresh
and soft (Yue, Shang, Yang, Huang, & Wang, 2019). This compound is not easily evaporated

by the influence of environmental temperature (Souza, Pereira, Silva, Lima, & Pio, 2014).

4. Conclusion

Thefreeze-vacuum drying process hasasignificant influence on the parameters of weight
loss, moisture content, texture, and color, but does not influence significantly to aroma and
taste. The parameters of aroma and taste of frozen strawberries does not change significantly
after was frozen and they seem fresh fruit. Decrease in weight loss ranged from 3.75-8.75%,
moisture content ranged from 2.80-4.20%, textures ranged from 0.30-2.13%, and colorsranged
from 3.50-7.00%. Processing strawberries into frozen products is a good prospect for the

industry in the future.
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Abstract

Strawberry fruit has a short shelf life. If stored at ambient temperature only lasts 1 day, so it
needsto bedried into afrozen product so that itsshelf lifeislonger. Frozen productsare favored
by consumers because they still have properties like fresh fruit. This study was aimed at
examining the physical and sensory characteristics of new product from strawberries produced
from avacuum freeze dryer. The research sample wasfreeze-dried at 3 variations of the heating
plate temperature were 40, 50, and 60 °C and 3 variations of the drying time were 24, 36, and
48 hours. The research parameters observed were weight loss, water content, texture, color,
aroma, and taste. The results showed that the freeze-vacuum drying process has a significant
influence on the paramaters of weight loss, moisture content, texture, and color of frozen
strawberries, but does not influence significantly to aroma and taste. The highest weight loss

and evaporation were obtained at 60 °C and 48 hours drying time. Frozen strawberries most
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preferred by panelists are those that are freeze-dried at 50 °C and a drying time of 36 hours

because they have aroma and flavor that seem fresh strawberries.

K eywor ds. frozen strawberry; moisture content; texture; color; aroma; taste.

1. Introduction

Strawberry fruit (Fragaria ananassa Duch.) can be found in every country because
amost al countries in the world have cultivated its (Falah, Husna, Dewi, & Jumeri, 2016;
Maclnnis, Buddle, & Forrest, 2020). Thisfruit isloved for consumption because it hasnutrients
that are very beneficial for human health (Curi et a., 2016; Blanch & Castilo, 2012; Giampieri
et al., 2015; Watson, Noling, & Desaeger, 2020). Strawberries also contain large amounts of
folate (Marian et al., 2020; Hu, Lu, Guo, & Zhu, 2020). Polyphenols and vitamins are
antioxidant compounds that are found in strawberries (Giampieri, et a., 2015). Polyphenolsin
strawberries such as anti-oxidants, anti-inflammatory, anti-microbial, anti-allergic, and anti-
hypertensive are known to improve health and prevent various types of diseases (Yuan et al.,
2020; Hemmati, Ahmeda, Salehabadi, Zangeneh, & Zangeneh, 2020). Besides, the vitamin
compounds present in strawberries also have a variety of health benefits including anti-cancer
and anti-chronic properties (Battino et al., 2020; Jiang et a., 2017). The Physical structure and
nutrient content of fresh strawberries is shown in Figure 1. (Gaston, Osorio, Denoyes, &

Rothan, 2019).
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Figure 1. Physical structure and nutrient content of fresh strawberries.

The post-harvest strawberries have a short shelf life that can only last one day if stored
at environmental temperatures (Souza, Pereira, Silva, Lima, & Pio, 2014; Ozturk & Singh,
2019). This strawberry fruit cannot be sold to consumers if the skin has blisters or bruises
(Balasooriya, Dasanayake, & Ajlouni, 2019). To maintain and increase the shelf life of
strawberries, post-harvest processing for these fruits is necessary (An, Li, Zude-Sasse,
Tchuenbou-Magaia, & Yang, 2020; Silva, Meireles, & Sadafia, 2020).

Postharvest processing methods for fruits that are commonly used are drying (Ansar,
Nazaruddin, & Azis, 2020; Hwang et a., 2020). However, the skin of strawberriesisvery thin,
so it iseasly broken if dried using conventional dryers (Tang, Ma, Li, & Wang, 2020). Also,
strawberries dried with conventional dryers have a non-uniform color, so they are less favored
by consumers (Karoline Martinsen, Aaby, & Skrede, 2020). Anthocyanins contained in
strawberries can also be damaged during the conventional drying process. Anthocyanins are
unstable at high temperatures, so the stability of these compounds can be disrupted during the
conventional drying process (Mainil, Aziz, Harianto, & Maini, 2020; Dash, Chase, Agehara,

& Zotarell, 2020).
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Frozen fruit is one of the processed fruit products that are very popular with consumers
today (Khattab, Guirguis, Tawfik, & Farag, 2019). Frozen fruit is popular because it has color,
aroma, and taste still like fresh fruit (Bongoni, Steenbekkers, Verkerk, van Boekel, & Dekker,
2013). Frozen products that have been widely circulating on the market today such as frozen
cassava sticks made from fresh cassava are specially processed, hygienic, and without
preservatives, to produce products that are high in flavor and healthy for consumption by all
ages (Galus & Kadzinska, 2015). Other frozen products are frozen grilled bananas made from
fresh bananas which are split and flattened and then burned (Maringgal, Hashim, Mohamed
Amin Tawakkal, & Muda Mohamed, 2019). The shelf life of this frozen product is till short
because it has high water content (Thi Phan, Truong, Wang, & Bhandari, 2019).

A freeze vacuum dryer is an effective tool for producing high-quality freeze-dried
products when compared to other dryers (Jiang et a., 2017; Shaozhi, Jielin, Guangming, &
Qin, 2017; Obeidat, Sahni, Kesder, & Pikal, 2017). This freeze vacuum dryer has been used
extensively to obtain high-quality dry products (Qiao, Fang, Huang, & Zhang, 2012; Reyes, et
al., 2010; Schulze, Hubbermann, & Schwarz, 2014). Frozen vacuum dryers can be applied to
strawberries (Xu, Zhang, Mujumdar, Duan, & Jin-cai, 2006; Silva, Meireles, & Saldafia, 2020).
Frozen products produced are in line with the desires and needs of consumers for quality
processed products that are hygienic and quality (Alikhani & Darael Garmakhany, 2012; Sun,
Li, Jang, Sun, & Li, 2016).

Research on the freeze-drying process for fruits has been widely reported
(Lohachoompol, Srzednicki, & Craske, 2004; Giuffre, Louad], Rizzo, De Salvo, & Sicari,
2019), but no publications have been found that explain the physical and sensory characteristics
of frozen strawberries produced from frozen vacuum dryers. Publications that have been
revealed by previousresearchers, include engineering environmental storage to extend the shelf

life of strawberry fruit (Fernandez-Lara, et al., 2015), the combined effect of gammairradiation
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and MAP on the antioxidant and antimicrobial properties of strawberries (Kirkin & Gunes,
2018), evaluation of the effect of modified atmospheric packaging (MAP) on strawberry
storage (Peano, Girgenti, & Giuggioli, 2014), coating method to maintain the organoleptic and
functional properties of strawberries (Sicari, Loizzo, Pellicano, Giuffre, & Poiana, 2020), and
effect of lemon verbena bio-extract on phytochemical and antioxidant capacity of strawberry
fruit during cold storage (Moshari-Nasirkandi, Alirezalu, & Hachesu, 2020).

Based on some of the arguments mentioned above, the purpose of this study was to
analyze the physical and sensory characteristics of strawberries produced from frozen vacuum

dryers.

2. Material and methods
2.1. Sample Preparation

The research sample was strawberries with Sweet Charlie variety. It was obtained from
farmersin Sembalun, East Lombok, Indonesia. Strawberries were sorted and washed with the
water, then drained. Then they were stored in the refrigerator at 10 °C to wait for the next

process.

2.2. Vacuum-Freeze Dryer

Samples were dried using the Merck Christ T2/04 series vacuum freeze dryer. The
temperature of the condenser was set at -52 °C. The temperature of the heating plate was set at
3 levels were 40, 50, and 60 °C and freeze-drying times were 24, 36, and 48 hours.
Thermocouples are used to monitor product temperatures during drying. Each drying process

was used 2 kg of strawberries. Each trestment was repeated three times,

2.3. Weight L oss Measurement
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The weight loss of the sample was measured before and after drying. It was cal culated

using the following equation (Hung, et a., 2011):

Wr—Wq

Weight loss = 100% Q)

Wy
where, ws = mass of the sample before drying (gram), wg = mass of the sample after drying

(gram).

2.4. Moisture Content

The moisture content of frozen strawberry was determined according to the standard
methods of analysis (Ansar, Nazaruddin, & Azis, 2019). Approximately 5 g of the sample was
weighed into a can. The sample was heated to 50+1 °C until a constant weight was reached,
transferred to a desiccator, and was weighed soon after it had reached the environment

temperature. The water content of the sample was calculated by the equation:
M, = 2% 100% )

where, M¢ = moisture content (%), a = initial of moisture content (%), b = final of moisture

content (%).

2.5. Texture Measurement

The texture measurement of frozen strawberries using a texture anayzer with ball probe,
series SMS P/0.25 S. Test mode: compression; pre-test speed: 1.0 mn/s; test speed: 1.0 mm/s,
post-test speed: 5.0 mm/s; target mode: distance: 3 mm; trigger type: auto (force: 10 g); tare
mode: auto. The force of compression is expressed in Newton (N). The greater the force

needed, the higher the texture of frozen strawberries.

2.6. Color Measurement
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The color measurement of frozen strawberry using the Chroma meter type AT-13-04
Konica Minolta type CR-400. Color measurement using the Hunter L* a* b* color value

system using the following equation (Chapman, et al., 2019):

__ Lightness

« _ 240a
a’ =22 120 (4)
b =22 _ 120 (5)

255

where, L* = 0 (black), L* = 100 (white), & (-a = greenness, +a = redness), and b* (-b =

blueness, +b = yellowness).

2.7. Sensory Test

There are 25 panelists to carry out the sensory test. Consist of 10 men and 15 women,
who aged 18-40 years old. The samples were presented by panelists with random sample.
Before the panelists gave an assessment, fresh strawberries were provided as a control sample.
Each panelist was asked to rate using a hedonic scale ranges from 1-5, where 1= didike
extremely, 2 = didike moderately, 3 = didike, 4 = like moderately, and 5 = like extremely. The
sensory evaluation includes the intensity of aroma and taste (Van de Velde, Esposito, Grace,

Pirovani, & Lila, 2018).

2.8. Statistical Analysis

Two-way analysis of variance was used to determine the effect of heating plate
temperature and freeze-drying time variations on the physical characteristics and sensory of
frozen strawberry. If F-count value is greater than F-crit, it means there is a sgnificant
difference in effect at the 95% significance level. The most influential variables can be

calculated using Duncan’s Multiple Ranges Test (Yu, Low, & Zhou, 2018).
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3. Results and Discussions

3.1. Weight Loss

Profile of strawberry weight loss during freeze-vacuum drying at variations at heating

plate temperature and freeze-drying time was shown in Figure 2. At the beginning of drying,

weight loss decreases rapidly up to 36 hours and then tends to slope until the duration drying

is48 hours. After reaching the freezing point, the weight loss not yet change. Based on Figure

2 it is also shows that the higher of heating plate temperature, the higher the percentage of

strawberry weight loss.

Weight loss (%)

10.0

9.0
8.0
7.0
6.0
5.0
4.0
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i ~+-40°C
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Freeze-drying time (h)

Figure 2. A profile of strawberry weight loss during freeze-vacuum drying at variations of

heating plate temperature.

The strawberry fruit was freeze-dried at heating plate temperature 60 °C and drying time

48 hours had a weight loss of 8.75%, while the samples were dried at the heating plate

temperature of 50 and 40 °C have a weight loss of 3.750 and 7.50%, respectively. These data

show that the heating plate temperature has a significant effect on decreasing the weight loss

of strawberries. Freeze-drying time al so significantly influencesthe weight loss of strawberries.
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The longer the freeze-drying time, the higher the weight loss due to the presence of flashes and
sublimation that are getting longer, so that the release of water is also higher.

The results of the analysis of variance are known that the value of F-count (7.96) is
greater than the F-crit value (5.14). This means that the treatment of variations at heating plate
temperature and freeze-drying time has significant influence (p<0.05) on the decrease in
strawberry weight as a result of drying (Table 1). This data aso shows that the weight loss of

strawberries changes during freeze-drying.

Table 1. Results of anaysis of variance of the weight |oss parameters of frozen strawberry at

variations heating plate temperature and freeze-drying time.

Sour ce of
SS df MS F P-value F-crit
Variation
Rows 27.79 2 13.89 7.96 0.020 5.14
Columns 78.48 3 26.16 14.98 0.003 4.76
Error 10.48 6 1.75
Tota 116.76 11

The fruit weight lossis generally affected by the evaporation of moisture content during
the drying process (Jaster, et d., 2018). During the drying process there is a decomposition of
organic compounds into inorganic compounds, namely compounds that are oxidized to CO2
and absorb Oy, then reduced to H>O. The respiration process also causes changes in
carbohydrate compounds and produces CO; (Thomas-Vadés, Theoduloz, Jiménez-Aspee, &
Schmeda-Hirschmann, 2019). The respiration process takes place continuoudy, so that the

drying longer, the reduction in mass in the fruit also increases (Buvé, et al., 2018).

3.2. Moisture Content
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The analysis results of the frozen strawberry moisture content ranged from 90-95%.
Evaporation of the moisture content of strawberry during the vacuum-freeze dryer as shownin
Figure 3. At the beginning of drying, the moisture content drop dramatically until 24th hour,
then they decrease at 36th hour and they stable at 48th hour. This data proves that the curve of
decreasing moisture rate shows a pattern that is consistent with the results of other studies
(Thomas-Valdés, S; Theoduloz, C; Jménez-Aspee, F;, Burgos-Edwards, A; Schmeda-

Hirschmann, G, 2018).

95
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94 ~—4-50°C
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90
0 24 36 48
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Figure 3. Evaporation of strawberry moisture content during a vacuum-freeze drying at

heating plate temperature and freeze-drying time variations,

The strawberry moisture content is still stable during the drying process at treatment
variation of heating plate temperatures. The stability of this moisture content shows low
metabolic activity during the drying process. Other researchers also reported that strawberries
stored at freezing temperatures still occur in the process of respiration, namely the release of

water (H20) and carbon dioxide (CO2) (Pan, Zhang, Zhu, Mao, & Tu, 2014).

10
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Evaporation of moisture content from fruit cells occurs during the drying process as a
result of the sublimation of water to ice crystals. The moisture content evaporates from the cell
then freezes on the surface of the fruit skin. Changesin moisture content into ice crystals occur
by absorbing water from cells so that the fruit cells become dry and the surface of the fruit skin
wrinkles (Falah, Husna, Dewi, & Jumeri, 2016).

The analysis of variance results shows that F-count (8.68) is greater than the F-crit value
(5.14) (Table 2). This means that variations at the treatment of heating plate temperature and
freeze-drying time have a significant influence (p<0.05) on the frozen strawberry moisture
content. This showsthat there isa significant change in the strawberry moisture content during
the freeze-drying process. The same has been explained by Gaston et al. (2019) that the

strawberry moisture content decreases during freeze-drying.

Table 2. Results analysis of variance of the frozen strawberry moisture content parameters at

heating plate temperature and freeze-drying time variations.

Source of Variation SS df MS F P-value F-crit
Rows 2.49 2 1.25 8.68 0.017 5.14
Columns 25.34 3 8.44 58.91 7.65E-05 4.76
Error 0.86 6 0.14

Total 28.67 11

3.3. Texture Determination

The frozen strawberry texture was determinates based on pressing strength (F-max
value). The F-max value for the treatment of heating plate temperature of 40 °C and freeze-
drying time of 24, 36, and 48 hours of 0.15; 0.14; and 0.14 N, respectively. For the treatment

of heating plate temperature of 50 °C and freeze-drying time 24; 36; and 48 hours, the F-max

11
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values are 0.16; 0.15; and 0.15 N, and at heating plate temperature 60 °C and freeze-drying
time 24; 36; and 48 hours, the F-max vaue are 0.16; 0.16; and 0.17 N.

In genera, the strawberry texture has decreased after freeze-drying (Figure 4). The
mechanical strength of the fruit decreases due to the evaporation of moisture content so that
the volume of strawberry fruit is aso reduced. The same has been reported by Asioli, et al.
(2018) that mechanical resistance to compression, shear force, and strawberry stiffness

decreases after drying.

0.17
0.17
0.16

0.15 —e-40°C

x

2 0.15 - 50°C

0.14 60 °C [

0 24 36 48
Freeze-drying time (h)

Figure 4. Graph of texture changes of frozen strawberries during vacuum-freeze dryer at

heating plate temperature variations.

Frozen strawberries have a soft and wrinkled texture because some moisture content has
evaporated. Thisisin line with the report Alikhani and Daraei Garmakhany (2012) that if the
moisture content in fruit cells decreases due to evaporation during drying, the skin cells become
soft, limp and dry, so the fruit looks wrinkled. The texture of strawberries changes during
storage due to moisture evaporation (Asioli, et a., 2018). If the moisture content in the cell

decreases, the cell becomes soft and weak (Jorge, et al., 2018).

12
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The variance of analysis results for texture parameters indicates that the F-count value
(8.183) is greater than the F-crit value (5,143) (Table 3). This means that the treatment of
variations in heating plate temperature and freeze-drying time has influenced significantly
(p<0.05) on the strawberry texture. It also shows that the texture of strawberries undergoes

significant changes during the drying process.

Table 3. The analysis of variance results for frozen strawberry texture parameters at heating

plate temperature and freeze-drying time variations.

Sour ce of
SS Df MS F P-value F-crit
Variation
Rows 2.86 2 1.43 8.18 0.02 5.14
Columns 2.67 3 0.89 5.09 0.044 4.76
Error 1.05 6 0.17
Total 6.57 11

3.4. Color Analysis

Color was the main parameter for consumers for determining the quality of processed
food products. The product color can be easily seen visually by the sense of sight without using
the equipment. The color difference between fresh and frozen strawberries from the results of
this study is shown in Figure 5. Based on this figure it is can be seen that the color of fresh

strawberry is greenish-red, while frozen strawberry is dark red.

13
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255 Graph of the color changes of frozen strawberries as shown in Figure 6. The color
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258

66

(0]
N

(o2}
o

[
oo

Lightness (L*)

a
(o]

g

a
N

0 24 36 48
259 Freeze-drying time (h)

260 (A)

14



64 -=-40°C
62 -¢ 50°C
£ 60 -e-60°C
e °
S 56 —
-
52
50
0 24 . 36 48
261 Freeze-drying time (h)
262 (B)
35
33 \\\\\\ L 2 \I—I
—~ 32 \.,\\\\ *
b '\'\'\,,\,\\\7 e
~ 31 '\"\—.,,%%:%%n77
g o
g 30
2 08 e 50°C
-e-60°C
27
26
25
0 24 36 48
263 Freeze-drying time (h)
264 (©)

265  Figure 6. Graph of color change (A) lightness (L*), (B) redness (a*), and (C) yellowness (b*)

266 of frozen strawberry at heating plate temperature variation.
267
268 Based on Figure 6, it can be seen that the redness color component increases during the

269  drying process. Thisindicates that the color of the strawberries before being dried is greenish-
270  red and then turns into a maroon after drying. While yellowness colors tend to decrease after

271  drying. Thediscoloration of the strawberries becomes dark because of the enzymatic browning
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process. The enzymatic browning process occurs because of the reaction between polyphenol
oxidase and oxygen enzymes with phenolic substrates on strawberry fruit (Chisari, Riccardo,
Barbagallo, & Spagna, 2007). Some researchers also report that color is the most important
criterion for consumers in determining product choices (Y ue, Shang, Yang, Huang, & Wang,
2019).

The results analysis of variance obtained F-count values (5.84) greater than the F-crit
value (5.14) (Table 4). This data showed variations of heating plate temperature and freeze-
drying time has influenced significantly (p<0.05) on the color parameters of frozen
strawberries. Thus, during the freeze-drying process, there has been a change in color from

bright red to dark red.

Table 4. Results of analysis of variance for frozen strawberry color parameters at variations

heating plate temperature and freeze-drying time.

Sour ce of
SS df MS F P-value F-crit
Variation
Rows 6.17 2 3.08 5.84 0.04 5.14
Columns 68.33 3 22.78 43.16 0.00 4.76
Error 3.17 6 0.53
Total 77.67 11

The color change that occursin strawberriesis one of theimportant factorsin the freeze-
drying process. The same analogy has been explained by Jiang et a. (2020) that the color
changes of strawberries during storage at room temperature occur significantly, but the changes
are not significant at cold temperatures. This color change is aso influenced by changesin the
physiology and chemistry of strawberries. The color change of strawberries is the process of

synthesizing carotenoid pigments and flavonoids (Lesme, et al., 2020).
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The strawberry fruit hasared pigment that comes from the concentration of anthocyanins
(Patras, Brunton, Pieve, & Butler, 2009; Gaston, Osorio, Denoyes, & Rothan, 2019). Thelower
the concentration of anthocyanins, the color of the fruit becomes purple, on the contrary, if the
concentration of anthocyaninsis very high, the color of the fruit can be blackish (Asioli, et a.,
2018). For low pH, anthocyanins can have ared effect on fruit, while for neutral pH the color
of the fruit becomes blue, and for high pH, the fruit color becomes pale (Ozcan & Barringer,
2011). Besides, the formation of pigmentsin the fruit is also influenced by temperature, light,
and carbohydrate content (Curi, et a., 2016). The higher the place where the plant grows, the

higher the anthocyanin content of the fruit (Brown, Durst, Wrolstad, & De Jong, 2008).

3.5. Sensory Tests

Sensory tests for frozen strawberries were carried out by 25 panelists. This test uses an
assessment method with values from 1-5 to measure the panelist preference level for the
parameters of the aroma and taste of frozen strawberries. The results of the panelist's

assessment of the aroma and taste of frozen strawberries are presented in Figure 7A and 7B.

= Really disliked
= Didike 4%

B Very like

| |
Neutral 26%

16%

(A)
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Figure 7. The results of the panelist's assessment of the aroma (A) and taste (B) of frozen

strawberries

Based on data from the judicial assessment of the aroma of frozen strawberries, it is
known that 36% of panelists answered very like, 32% said they liked, and only 16% stated
neutral, 12% didiked, and 4% said they redly didiked (Figure 7A). This data shows that in
general frozen strawberriesin various variations of freeze-drying treatment are still favored by
consumers because they have a fresh fruit-like aroma.

The use of low temperatures during freeze drying does not significantly affect the
aroma of frozen strawberries. Thisisin line with the results of research conducted by Sun et
al. (2016) that the use of a vacuum freeze dryer is safer against the risk of degradation of
product aroma changes. This happens because the temperature used for drying is low
temperature. Karoline et al. (2020) have also reported that samples that are dried in freeze-
drying are first frozen, then dried using low pressure, resulting in a sublimation process in
which the water content that was frozen turnsinto steam.

Another indicator of consumer acceptance of frozen food products is taste. As reported

by Yusufe et al. (2017) that taste is an indicator of organoleptic food quality which is formed
18
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asaresult of stimulation of the taste buds (tongue) that make up the overall flavor of the product
being assessed.

Theresults of the panelist's assessment of the taste of frozen strawberries found that 44%
of pandlists said they really liked, 32% said they liked, 12% said they were neutral, 8% said
they didn't like it, and only 4% who said they really didn't like it (Figure 7B). Based on this
data it can be said that in genera the taste of frozen strawberries is aso very favored by
panelists. The taste of frozen strawberry products is no different from the taste found in fresh
strawberries.

A frozen food product even though it has an attractive appearance and color and isloved
by consumers, but its acceptance will decrease if there has been a deviation of taste (Ansar,
Nazaruddin, & Azis, 2019). Strawberry fruit has a sweet and sour taste (citrus) that isfresh and
soft (Yue, Shang, Yang, Huang, & Wang, 2019). This compound is not easily evaporated by

the influence of environmental temperature (Souza, Pereira, Silva, Lima, & Pio, 2014).

4. Conclusion

Thefreeze-vacuum drying process hasasignificant influence on the parameters of weight
loss, moisture content, texture, and color, but does not influence significantly to aroma and
taste. The parameters of aroma and taste of frozen strawberries does not change significantly
after was frozen and they seem fresh fruit. Decrease in weight loss ranged from 3.75-8.75%,
moisture content ranged from 2.80-4.20%, textures ranged from 0.30-2.13%, and colorsranged
from 3.50-7.00%. Processing strawberries into frozen products is a good prospect for the

industry in the future.
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Abstract

Strawberry fruit has a short shelf life. If stored at ambient temperature only lasts 1 day, so it
needsto bedried into afrozen product so that itsshelf lifeislonger. Frozen productsare favored
by consumers because they still have properties like fresh fruit. This study was aimed at
examining the physical and sensory characteristics of new product from strawberries produced
from avacuum freeze dryer. The research sample wasfreeze-dried at 3 variations of the heating
plate temperature were 40, 50, and 60 °C and 3 variations of the drying time were 24, 36, and
48 hours. The research parameters observed were weight loss, water content, texture, color,
aroma, and taste. The results showed that the freeze-vacuum drying process has a significant
influence on the paramaters of weight loss, moisture content, texture, and color of frozen
strawberries, but does not influence significantly to aroma and taste. The highest weight loss

and evaporation were obtained at 60 °C and 48 hours drying time. Frozen strawberries most
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preferred by panelists are those that are freeze-dried at 50 °C and a drying time of 36 hours

because they have aroma and flavor that seem fresh strawberries.

K eywor ds. frozen strawberry; moisture content; texture; color; aroma; taste.

1. Introduction

Strawberry fruit (Fragaria ananassa Duch.) can be found in every country because
amost al countries in the world have cultivated its (Falah, Husna, Dewi, & Jumeri, 2016;
Maclnnis, Buddle, & Forrest, 2020). Thisfruit isloved for consumption because it hasnutrients
that are very beneficial for human health (Curi et a., 2016; Blanch & Castilo, 2012; Giampieri
et al., 2015; Watson, Noling, & Desaeger, 2020). Strawberries also contain large amounts of
folate (Marian et al., 2020; Hu, Lu, Guo, & Zhu, 2020). Polyphenols and vitamins are
antioxidant compounds that are found in strawberries (Giampieri, et a., 2015). Polyphenolsin
strawberries such as anti-oxidants, anti-inflammatory, anti-microbial, anti-allergic, and anti-
hypertensive are known to improve health and prevent various types of diseases (Yuan et al.,
2020; Hemmati, Ahmeda, Salehabadi, Zangeneh, & Zangeneh, 2020). Besides, the vitamin
compounds present in strawberries also have a variety of health benefits including anti-cancer
and anti-chronic properties (Battino et al., 2020; Jiang et a., 2017). The Physical structure and
nutrient content of fresh strawberries is shown in Figure 1. (Gaston, Osorio, Denoyes, &

Rothan, 2019).



45

46

47

49

50

51

52

53

55

56

57

58

59

(A)
Seed

Pericarp

sweetness  acidity aroma
Flavor

bitterness astringency
Nutritional polyphenols
value vitamins antioxidants
shape brightness
size color texture

Figure 1. Physical structure and nutrient content of fresh strawberries.

The post-harvest strawberries have a short shelf life that can only last one day if stored
at environmental temperatures (Souza, Pereira, Silva, Lima, & Pio, 2014; Ozturk & Singh,
2019). This strawberry fruit cannot be sold to consumers if the skin has blisters or bruises
(Balasooriya, Dasanayake, & Ajlouni, 2019). To maintain and increase the shelf life of
strawberries, post-harvest processing for these fruits is necessary (An, Li, Zude-Sasse,
Tchuenbou-Magaia, & Yang, 2020; Silva, Meireles, & Sadafia, 2020).

Postharvest processing methods for fruits that are commonly used are drying (Ansar,
Nazaruddin, & Azis, 2020; Hwang et a., 2020). However, the skin of strawberriesisvery thin,
so it iseasly broken if dried using conventional dryers (Tang, Ma, Li, & Wang, 2020). Also,
strawberries dried with conventional dryers have a non-uniform color, so they are less favored
by consumers (Karoline Martinsen, Aaby, & Skrede, 2020). Anthocyanins contained in
strawberries can also be damaged during the conventional drying process. Anthocyanins are
unstable at high temperatures, so the stability of these compounds can be disrupted during the
conventional drying process (Mainil, Aziz, Harianto, & Maini, 2020; Dash, Chase, Agehara,

& Zotarell, 2020).
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Frozen fruit is one of the processed fruit products that are very popular with consumers
today (Khattab, Guirguis, Tawfik, & Farag, 2019). Frozen fruit is popular because it has color,
aroma, and taste still like fresh fruit (Bongoni, Steenbekkers, Verkerk, van Boekel, & Dekker,
2013). Frozen products that have been widely circulating on the market today such as frozen
cassava sticks made from fresh cassava are specially processed, hygienic, and without
preservatives, to produce products that are high in flavor and healthy for consumption by all
ages (Galus & Kadzinska, 2015). Other frozen products are frozen grilled bananas made from
fresh bananas which are split and flattened and then burned (Maringgal, Hashim, Mohamed
Amin Tawakkal, & Muda Mohamed, 2019). The shelf life of this frozen product is till short
because it has high water content (Thi Phan, Truong, Wang, & Bhandari, 2019).

A freeze vacuum dryer is an effective tool for producing high-quality freeze-dried
products when compared to other dryers (Jiang et a., 2017; Shaozhi, Jielin, Guangming, &
Qin, 2017; Obeidat, Sahni, Kesder, & Pikal, 2017). This freeze vacuum dryer has been used
extensively to obtain high-quality dry products (Qiao, Fang, Huang, & Zhang, 2012; Reyes, et
al., 2010; Schulze, Hubbermann, & Schwarz, 2014). Frozen vacuum dryers can be applied to
strawberries (Xu, Zhang, Mujumdar, Duan, & Jin-cai, 2006; Silva, Meireles, & Saldafia, 2020).
Frozen products produced are in line with the desires and needs of consumers for quality
processed products that are hygienic and quality (Alikhani & Darael Garmakhany, 2012; Sun,
Li, Jang, Sun, & Li, 2016).

Research on the freeze-drying process for fruits has been widely reported
(Lohachoompol, Srzednicki, & Craske, 2004; Giuffre, Louad], Rizzo, De Salvo, & Sicari,
2019), but no publications have been found that explain the physical and sensory characteristics
of frozen strawberries produced from frozen vacuum dryers. Publications that have been
revealed by previousresearchers, include engineering environmental storage to extend the shelf

life of strawberry fruit (Fernandez-Lara, et al., 2015), the combined effect of gammairradiation
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and MAP on the antioxidant and antimicrobial properties of strawberries (Kirkin & Gunes,
2018), evaluation of the effect of modified atmospheric packaging (MAP) on strawberry
storage (Peano, Girgenti, & Giuggioli, 2014), coating method to maintain the organoleptic and
functional properties of strawberries (Sicari, Loizzo, Pellicano, Giuffre, & Poiana, 2020), and
effect of lemon verbena bio-extract on phytochemical and antioxidant capacity of strawberry
fruit during cold storage (Moshari-Nasirkandi, Alirezalu, & Hachesu, 2020).

Based on some of the arguments mentioned above, the purpose of this study was to
analyze the physical and sensory characteristics of strawberries produced from frozen vacuum

dryers.

2. Material and methods
2.1. Sample Preparation

The research sample was strawberries with Sweet Charlie variety. It was obtained from
farmersin Sembalun, East Lombok, Indonesia. Strawberries were sorted and washed with the
water, then drained. Then they were stored in the refrigerator at 10 °C to wait for the next

process.

2.2. Vacuum-Freeze Dryer

Samples were dried using the Merck Christ T2/04 series vacuum freeze dryer. The
temperature of the condenser was set at -52 °C. The temperature of the heating plate was set at
3 levels were 40, 50, and 60 °C and freeze-drying times were 24, 36, and 48 hours.
Thermocouples are used to monitor product temperatures during drying. Each drying process

was used 2 kg of strawberries. Each trestment was repeated three times,

2.3. Weight L oss Measurement
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The weight loss of the sample was measured before and after drying. It was cal culated

using the following equation (Hung, et a., 2011):

Wr—Wq

Weight loss = 100% Q)

Wy
where, ws = mass of the sample before drying (gram), wg = mass of the sample after drying

(gram).

2.4. Moisture Content

The moisture content of frozen strawberry was determined according to the standard
methods of analysis (Ansar, Nazaruddin, & Azis, 2019). Approximately 5 g of the sample was
weighed into a can. The sample was heated to 50+1 °C until a constant weight was reached,
transferred to a desiccator, and was weighed soon after it had reached the environment

temperature. The water content of the sample was calculated by the equation:
M, = 2% 100% )

where, M¢ = moisture content (%), a = initial of moisture content (%), b = final of moisture

content (%).

2.5. Texture Measurement

The texture measurement of frozen strawberries using a texture anayzer with ball probe,
series SMS P/0.25 S. Test mode: compression; pre-test speed: 1.0 mn/s; test speed: 1.0 mm/s,
post-test speed: 5.0 mm/s; target mode: distance: 3 mm; trigger type: auto (force: 10 g); tare
mode: auto. The force of compression is expressed in Newton (N). The greater the force

needed, the higher the texture of frozen strawberries.

2.6. Color Measurement
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The color measurement of frozen strawberry using the Chroma meter type AT-13-04
Konica Minolta type CR-400. Color measurement using the Hunter L* a* b* color value

system using the following equation (Chapman, et al., 2019):

__ Lightness

« _ 240a
a’ =22 120 (4)
b =22 _ 120 (5)

255

where, L* = 0 (black), L* = 100 (white), & (-a = greenness, +a = redness), and b* (-b =

blueness, +b = yellowness).

2.7. Sensory Test

There are 25 panelists to carry out the sensory test. Consist of 10 men and 15 women,
who aged 18-40 years old. The samples were presented by panelists with random sample.
Before the panelists gave an assessment, fresh strawberries were provided as a control sample.
Each panelist was asked to rate using a hedonic scale ranges from 1-5, where 1= didike
extremely, 2 = didike moderately, 3 = didike, 4 = like moderately, and 5 = like extremely. The
sensory evaluation includes the intensity of aroma and taste (Van de Velde, Esposito, Grace,

Pirovani, & Lila, 2018).

2.8. Statistical Analysis

Two-way analysis of variance was used to determine the effect of heating plate
temperature and freeze-drying time variations on the physical characteristics and sensory of
frozen strawberry. If F-count value is greater than F-crit, it means there is a sgnificant
difference in effect at the 95% significance level. The most influential variables can be

calculated using Duncan’s Multiple Ranges Test (Yu, Low, & Zhou, 2018).
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3. Results and Discussions

3.1. Weight Loss

Profile of strawberry weight loss during freeze-vacuum drying at variations at heating

plate temperature and freeze-drying time was shown in Figure 2. At the beginning of drying,

weight loss decreases rapidly up to 36 hours and then tends to slope until the duration drying

is48 hours. After reaching the freezing point, the weight loss not yet change. Based on Figure

2 it is also shows that the higher of heating plate temperature, the higher the percentage of

strawberry weight loss.

Weight loss (%)

10.0

9.0
8.0
7.0
6.0
5.0
4.0
3.0
2.0
1.0
0.0

i ~+-40°C
~= 50°C
i — A 60 OC //////A -
36 48
Freeze-drying time (h)

Figure 2. A profile of strawberry weight loss during freeze-vacuum drying at variations of

heating plate temperature.

The strawberry fruit was freeze-dried at heating plate temperature 60 °C and drying time

48 hours had a weight loss of 8.75%, while the samples were dried at the heating plate

temperature of 50 and 40 °C have a weight loss of 3.750 and 7.50%, respectively. These data

show that the heating plate temperature has a significant effect on decreasing the weight loss

of strawberries. Freeze-drying time al so significantly influencesthe weight loss of strawberries.
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The longer the freeze-drying time, the higher the weight loss due to the presence of flashes and
sublimation that are getting longer, so that the release of water is also higher.

The results of the analysis of variance are known that the value of F-count (7.96) is
greater than the F-crit value (5.14). This means that the treatment of variations at heating plate
temperature and freeze-drying time has significant influence (p<0.05) on the decrease in
strawberry weight as a result of drying (Table 1). This data aso shows that the weight loss of

strawberries changes during freeze-drying.

Table 1. Results of anaysis of variance of the weight |oss parameters of frozen strawberry at

variations heating plate temperature and freeze-drying time.

Sour ce of
SS df MS F P-value F-crit
Variation
Rows 27.79 2 13.89 7.96 0.020 5.14
Columns 78.48 3 26.16 14.98 0.003 4.76
Error 10.48 6 1.75
Tota 116.76 11

The fruit weight lossis generally affected by the evaporation of moisture content during
the drying process (Jaster, et d., 2018). During the drying process there is a decomposition of
organic compounds into inorganic compounds, namely compounds that are oxidized to CO2
and absorb Oy, then reduced to H>O. The respiration process also causes changes in
carbohydrate compounds and produces CO; (Thomas-Vadés, Theoduloz, Jiménez-Aspee, &
Schmeda-Hirschmann, 2019). The respiration process takes place continuoudy, so that the

drying longer, the reduction in mass in the fruit also increases (Buvé, et al., 2018).

3.2. Moisture Content
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The analysis results of the frozen strawberry moisture content ranged from 90-95%.
Evaporation of the moisture content of strawberry during the vacuum-freeze dryer as shownin
Figure 3. At the beginning of drying, the moisture content drop dramatically until 24th hour,
then they decrease at 36th hour and they stable at 48th hour. This data proves that the curve of
decreasing moisture rate shows a pattern that is consistent with the results of other studies
(Thomas-Valdés, S; Theoduloz, C; Jménez-Aspee, F;, Burgos-Edwards, A; Schmeda-

Hirschmann, G, 2018).

95
40 °C
94 ~—4-50°C
< —+—60°C
5 93
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o
o
o
5 92
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o
=
91
—A
90
0 24 36 48
Freeze-drying time (h)

Figure 3. Evaporation of strawberry moisture content during a vacuum-freeze drying at

heating plate temperature and freeze-drying time variations,

The strawberry moisture content is still stable during the drying process at treatment
variation of heating plate temperatures. The stability of this moisture content shows low
metabolic activity during the drying process. Other researchers also reported that strawberries
stored at freezing temperatures still occur in the process of respiration, namely the release of

water (H20) and carbon dioxide (CO2) (Pan, Zhang, Zhu, Mao, & Tu, 2014).

10
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Evaporation of moisture content from fruit cells occurs during the drying process as a
result of the sublimation of water to ice crystals. The moisture content evaporates from the cell
then freezes on the surface of the fruit skin. Changesin moisture content into ice crystals occur
by absorbing water from cells so that the fruit cells become dry and the surface of the fruit skin
wrinkles (Falah, Husna, Dewi, & Jumeri, 2016).

The analysis of variance results shows that F-count (8.68) is greater than the F-crit value
(5.14) (Table 2). This means that variations at the treatment of heating plate temperature and
freeze-drying time have a significant influence (p<0.05) on the frozen strawberry moisture
content. This showsthat there isa significant change in the strawberry moisture content during
the freeze-drying process. The same has been explained by Gaston et al. (2019) that the

strawberry moisture content decreases during freeze-drying.

Table 2. Results analysis of variance of the frozen strawberry moisture content parameters at

heating plate temperature and freeze-drying time variations.

Source of Variation SS df MS F P-value F-crit
Rows 2.49 2 1.25 8.68 0.017 5.14
Columns 25.34 3 8.44 58.91 7.65E-05 4.76
Error 0.86 6 0.14

Total 28.67 11

3.3. Texture Determination

The frozen strawberry texture was determinates based on pressing strength (F-max
value). The F-max value for the treatment of heating plate temperature of 40 °C and freeze-
drying time of 24, 36, and 48 hours of 0.15; 0.14; and 0.14 N, respectively. For the treatment

of heating plate temperature of 50 °C and freeze-drying time 24; 36; and 48 hours, the F-max

11
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values are 0.16; 0.15; and 0.15 N, and at heating plate temperature 60 °C and freeze-drying
time 24; 36; and 48 hours, the F-max vaue are 0.16; 0.16; and 0.17 N.

In genera, the strawberry texture has decreased after freeze-drying (Figure 4). The
mechanical strength of the fruit decreases due to the evaporation of moisture content so that
the volume of strawberry fruit is aso reduced. The same has been reported by Asioli, et al.
(2018) that mechanical resistance to compression, shear force, and strawberry stiffness

decreases after drying.

0.17
0.17
0.16

0.15 —e-40°C

x

2 0.15 - 50°C

0.14 60 °C [

0 24 36 48
Freeze-drying time (h)

Figure 4. Graph of texture changes of frozen strawberries during vacuum-freeze dryer at

heating plate temperature variations.

Frozen strawberries have a soft and wrinkled texture because some moisture content has
evaporated. Thisisin line with the report Alikhani and Daraei Garmakhany (2012) that if the
moisture content in fruit cells decreases due to evaporation during drying, the skin cells become
soft, limp and dry, so the fruit looks wrinkled. The texture of strawberries changes during
storage due to moisture evaporation (Asioli, et a., 2018). If the moisture content in the cell

decreases, the cell becomes soft and weak (Jorge, et al., 2018).

12
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The variance of analysis results for texture parameters indicates that the F-count value
(8.183) is greater than the F-crit value (5,143) (Table 3). This means that the treatment of
variations in heating plate temperature and freeze-drying time has influenced significantly
(p<0.05) on the strawberry texture. It also shows that the texture of strawberries undergoes

significant changes during the drying process.

Table 3. The analysis of variance results for frozen strawberry texture parameters at heating

plate temperature and freeze-drying time variations.

Sour ce of
SS Df MS F P-value F-crit
Variation
Rows 2.86 2 1.43 8.18 0.02 5.14
Columns 2.67 3 0.89 5.09 0.044 4.76
Error 1.05 6 0.17
Total 6.57 11

3.4. Color Analysis

Color was the main parameter for consumers for determining the quality of processed
food products. The product color can be easily seen visually by the sense of sight without using
the equipment. The color difference between fresh and frozen strawberries from the results of
this study is shown in Figure 5. Based on this figure it is can be seen that the color of fresh

strawberry is greenish-red, while frozen strawberry is dark red.

13
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257  the strawberry color changes from red to dark red during the drying process.
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Figure 6. Graph of color change (A) lightness (L*), (B) redness (a*), and (C) yellowness (b*)

of frozen strawberry at heating plate temperature variation.

Based on Figure 6, it can be seen that the redness color component increases during the
drying process. Thisindicates that the color of the strawberries before being dried is greenish-
red and then turns into a maroon after drying. While yellowness colors tend to decrease after

drying. The discoloration of the strawberries becomes dark because of the enzymatic browning
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process. The enzymatic browning process occurs because of the reaction between polyphenol
oxidase and oxygen enzymes with phenolic substrates on strawberry fruit (Chisari, Riccardo,
Barbagallo, & Spagna, 2007). Some researchers also report that color is the most important
criterion for consumers in determining product choices (Y ue, Shang, Yang, Huang, & Wang,
2019).

The results analysis of variance obtained F-count values (5.84) greater than the F-crit
value (5.14) (Table 4). This data showed variations of heating plate temperature and freeze-
drying time has influenced significantly (p<0.05) on the color parameters of frozen
strawberries. Thus, during the freeze-drying process, there has been a change in color from

bright red to dark red.

Table 4. Results of analysis of variance for frozen strawberry color parameters at variations

heating plate temperature and freeze-drying time.

Sour ce of
SS df MS F P-value F-crit
Variation
Rows 6.17 2 3.08 5.84 0.04 5.14
Columns 68.33 3 22.78 43.16 0.00 4.76
Error 3.17 6 0.53
Total 77.67 11

The color change that occursin strawberriesis one of theimportant factorsin the freeze-
drying process. The same analogy has been explained by Jiang et a. (2020) that the color
changes of strawberries during storage at room temperature occur significantly, but the changes
are not significant at cold temperatures. This color change is aso influenced by changesin the
physiology and chemistry of strawberries. The color change of strawberries is the process of

synthesizing carotenoid pigments and flavonoids (Lesme, et al., 2020).
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The strawberry fruit hasared pigment that comes from the concentration of anthocyanins
(Patras, Brunton, Pieve, & Butler, 2009; Gaston, Osorio, Denoyes, & Rothan, 2019). Thelower
the concentration of anthocyanins, the color of the fruit becomes purple, on the contrary, if the
concentration of anthocyaninsis very high, the color of the fruit can be blackish (Asioli, et a.,
2018). For low pH, anthocyanins can have ared effect on fruit, while for neutral pH the color
of the fruit becomes blue, and for high pH, the fruit color becomes pale (Ozcan & Barringer,
2011). Besides, the formation of pigmentsin the fruit is also influenced by temperature, light,
and carbohydrate content (Curi, et a., 2016). The higher the place where the plant grows, the

higher the anthocyanin content of the fruit (Brown, Durst, Wrolstad, & De Jong, 2008).

3.5. Sensory Tests

Sensory tests for frozen strawberries were carried out by 25 panelists. This test uses an
assessment method with values from 1-5 to measure the panelist preference level for the
parameters of the aroma and taste of frozen strawberries. The results of the panelist's

assessment of the aroma and taste of frozen strawberries are presented in Figure 7A and 7B.

= Really disliked
= Didike 4%

B Very like

| |
Neutral 26%

16%

(A)
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Figure 7. The results of the panelist's assessment of the aroma (A) and taste (B) of frozen

strawberries

Based on data from the judicial assessment of the aroma of frozen strawberries, it is
known that 36% of panelists answered very like, 32% said they liked, and only 16% stated
neutral, 12% didiked, and 4% said they redly didiked (Figure 7A). This data shows that in
general frozen strawberriesin various variations of freeze-drying treatment are still favored by
consumers because they have a fresh fruit-like aroma.

The use of low temperatures during freeze drying does not significantly affect the
aroma of frozen strawberries. Thisisin line with the results of research conducted by Sun et
al. (2016) that the use of a vacuum freeze dryer is safer against the risk of degradation of
product aroma changes. This happens because the temperature used for drying is low
temperature. Karoline et al. (2020) have also reported that samples that are dried in freeze-
drying are first frozen, then dried using low pressure, resulting in a sublimation process in
which the water content that was frozen turnsinto steam.

Another indicator of consumer acceptance of frozen food products is taste. As reported

by Yusufe et al. (2017) that taste is an indicator of organoleptic food quality which is formed
18
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asaresult of stimulation of the taste buds (tongue) that make up the overall flavor of the product
being assessed.

Theresults of the panelist's assessment of the taste of frozen strawberries found that 44%
of pandlists said they really liked, 32% said they liked, 12% said they were neutral, 8% said
they didn't like it, and only 4% who said they really didn't like it (Figure 7B). Based on this
data it can be said that in genera the taste of frozen strawberries is aso very favored by
panelists. The taste of frozen strawberry products is no different from the taste found in fresh
strawberries.

A frozen food product even though it has an attractive appearance and color and isloved
by consumers, but its acceptance will decrease if there has been a deviation of taste (Ansar,
Nazaruddin, & Azis, 2019). Strawberry fruit has a sweet and sour taste (citrus) that isfresh and
soft (Yue, Shang, Yang, Huang, & Wang, 2019). This compound is not easily evaporated by

the influence of environmental temperature (Souza, Pereira, Silva, Lima, & Pio, 2014).

4. Conclusion

Thefreeze-vacuum drying process has a significant influence on the parameters of weight
loss, moisture content, texture, and color, but does not influence significantly to aroma and
taste. The parameters of aroma and taste of frozen strawberries does not change significantly
after was frozen and they seem fresh fruit. Decrease in weight loss ranged from 3.75-8.75%,
moisture content ranged from 2.80-4.20%, textures ranged from 0.30-2.13%, and colorsranged
from 3.50-7.00%. Processing strawberries into frozen products is a good prospect for the

industry in the future.
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Strawberry fruit has a short shelf life. If stored at ambient temperature only lasts 1 day, so it needs to be dried into
a frozen product so that its shelf life is longer. Frozen products are favored by consumers because they still have
properties like fresh fruit. This study was aimed at examining the physical and sensory characteristics of new
frozen products from strawberries. The research sample was freeze-dried at 3 variations of the heating plate
temperature were 40, 50, and 60 °C and 3 variations of the drying time were 24, 36, and 48 h. The research
parameters observed were weight loss, water content, texture, color, aroma, and taste. The results showed that the

Texture

Color freeze-vacuum drying process has a significant influence on the parameters of weight loss, moisture content,
Aroma texture, and color of frozen strawberries, but does not influence significantly to aroma and taste. The highest
Taste weight loss and evaporation were obtained at 60 °C and 48 h of drying time. Frozen strawberries most preferred

by panelists are those that are freeze-dried at 50 °C and a drying time of 36 h because they have aroma and flavor
that seem fresh strawberries.

1. Introduction

Strawberry fruit (Fragaria ananassa Duch.) can be found in every
country because almost all countries in the world have cultivated its
(Falah et al., 2016; Maclnnis et al., 2020). This fruit is loved for con-
sumption because it has nutrients that are very beneficial for human
health (Curi et al., 2016; Blanch and Castilo, 2012; Giampieri et al., 2015;
Watson et al., 2020). Strawberries also contain large amounts of folate
(Marian et al., 2020; Hu et al., 2020). Polyphenols and vitamins are
antioxidant compounds that are found in strawberries (Giampieri et al.,
2015). Polyphenols in strawberries such as anti-oxidants, anti-in-
flammatory, anti-microbial, anti-allergic, and anti-hypertensive are
known to improve health and prevent various types of diseases (Yuan et
al., 2020; Hemmati et al., 2020). Besides, the vitamin compounds present
in strawberries also have a variety of health benefits including
anti-cancer and anti-chronic properties (Battino et al., 2020; Jiang et al.,
2017). The Physical structure and nutrient content of fresh strawberries
is shown in Figure 1 (Gaston et al., 2019).

The post-harvest strawberries have a short shelf life that can only last
one day if stored at environmental temperatures (Souza et al., 2014;

* Corresponding author.
E-mail address: ansar72@unram.ac.id (Ansar).

https://doi.org/10.1016/j.heliyon.2020.e05118

Ozturk and Singh, 2019). This strawberry fruit cannot be sold to con-
sumers if the skin has blisters or bruises (Balasooriya et al., 2019). To
maintain and increase the shelf life of strawberries, post-harvest pro-
cessing for these fruits is necessary (An et al., 2020; Silva et al., 2020).

Postharvest processing methods for fruits that are commonly used are
drying (Ansar and Azis, 2020; Hwang et al., 2020). However, the skin of
strawberries is very thin, so it is easily broken if dried using conventional
dryers (Tang et al., 2020). Also, strawberries dried with conventional
dryers have a non-uniform color, so they are less favored by consumers
(Karoline Martinsen et al., 2020). Anthocyanin contained in strawberries
can also be damaged during the conventional drying process. Anthocy-
anin is unstable at high temperatures, so the stability of these compounds
can be disrupted during the conventional drying process (Mainil et al.,
2020; Dash et al., 2020).

Frozen fruit is one of the processed fruit products that are very pop-
ular with consumers today (Khattab et al., 2019). Frozen fruit is popular
because it has color, aroma, and taste still like fresh fruit (Bongoni et al.,
2013). Frozen products that have been widely circulating on the market
today such as frozen cassava sticks made from fresh cassava are specially
processed, hygienic, and without preservatives, to produce products that
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Figure 1. Physical structure and nutrient content of fresh strawberries.

are high in flavor and healthy for consumption by all ages (Galus and
Kadzinska, 2015). Other frozen products are frozen grilled bananas made
from fresh bananas which are split and flattened and then burned
(Maringgal et al., 2019). The shelf life of this frozen product is still short
because it has high water content (Thi Phan et al., 2019).

A freeze vacuum dryer is an effective tool for producing high-quality
freeze-dried products when compared to other dryers (Jiang et al., 2017;
Shaozhi et al., 2017; Obeidat et al., 2017). This freeze vacuum dryer has
been used extensively to obtain high-quality dry products (Qiao et al.,
2012; Reyes et al., 2010; Schulze et al., 2014). Frozen vacuum dryers can
be applied to strawberries (Xu et al., 2006; Silva et al., 2020). Frozen
products produced are in line with the desires and needs of consumers for
quality processed products that are hygienic and quality (Alikhani and
Daraei Garmakhany, 2012; Sun et al., 2016).

Research on the freeze-drying process for fruits has been widely
reported (Lohachoompol et al., 2004; Giuffre et al., 2019), but no
publications have been found that explain the physical and sensory
characteristics of frozen strawberries produced from frozen vacuum
dryers. Publications that have been revealed by previous researchers
include engineering environmental storage to extend the shelf life of
strawberry fruit (Fernandez-Lara et al., 2015), the combined effect of
gamma irradiation and MAP on the antioxidant and antimicrobial
properties of strawberries (Kirkin and Gunes, 2018), evaluation of the
effect of modified atmospheric packaging (MAP) on strawberry storage
(Peano et al.,, 2014), coating method to maintain the organoleptic
and functional properties of strawberries (Sicari et al., 2020), and effect
of lemon verbena bio-extract on phytochemical and antioxidant
capacity of strawberry fruit during cold storage (Moshari-Nasirkandi
et al., 2020).

Based on some of the arguments mentioned above, the purpose of this
study was to analyze the physical and sensory characteristics of new
frozen products form strawberries.

2. Material and methods
2.1. Sample preparation

The research sample was strawberries with Sweet Charlie variety. It
was obtained from farmers in Sembalun, East Lombok, Indonesia.

Strawberries were sorted and washed with the water, then drained. Then
they were stored in the refrigerator at 10 °C to wait for the next process.

Heliyon 6 (2020) e05118
2.2. Vacuum-freeze dryer

Samples were dried using the Merck Christ T2/04 series vacuum
freeze dryer. The temperature of the condenser was set at -52 °C. The
temperature of the heating plate was set at 3 levels were 40, 50, and 60 °C
and freeze-drying times were 24, 36, and 48 h. Thermocouples are used
to monitor product temperatures during drying. Each drying process was
used 2 kg of strawberries. Each treatment was repeated three times.

2.3. Weight loss measurement

The weight loss of the sample was measured before and after drying.
It was calculated using the following equation (Hung et al., 2011):

Weight loss =2 — "2 100% )]
Wy

where, wf = mass of the sample before drying (gram), wq = mass of the
sample after drying (gram).

2.4. Moisture content

The moisture content of frozen strawberry was determined according
to the standard methods of analysis (Ansar and Azis, 2019). Approxi-
mately 5 g of the sample was weighed into a can. The sample was heated
to 50 + 1 °C until a constant weight was reached, transferred to a
desiccator, and was weighed soon after it had reached the environment
temperature. The water content of the sample was calculated by the
equation:

a—b
a

M. = x 100% 2
where, M. = moisture content (%), a = initial of moisture content (%), b
= final of moisture content (%).

2.5. Texture measurement

The texture measurement of frozen strawberries using a texture
analyzer with ball probe, series SMS P/0.25 S. Test mode: compression;
pre-test speed: 1.0 mm/s; test speed: 1.0 mm/s; post-test speed: 5.0 mm/
s; target mode: distance: 3 mm; trigger type: auto (force: 10 g); tare mode:
auto. The force of compression is expressed in Newton (N). The greater
the force needed, the higher the texture of frozen strawberries.

2.6. Color measurement

The color measurement of frozen strawberry using the Chroma meter
type AT-13-04 Konica Minolta type CR-400. Color measurement using
the Hunter L* a* b* color value system using the following equation
(Chapman et al., 2019):

L= Lightness

1
555 X 100 3)
. 240a
a 47725574—120 (€3]
. 240b
=212
b =755 0 )

where, L* = 0 (black), L* = 100 (white), a* (-a = greenness, +a =
redness), and b* (-b = blueness, +b = yellowness).

2.7. Sensory test

There are 25 panelists to carry out the sensory test. Consist of 10 men
and 15 women, aged 18-40 years old. The samples were presented by
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Figure 2. A profile of strawberry weight loss during freeze-vacuum drying at
variations of heating plate temperature.

panelists with a random sample. Before the panelists gave an assessment,
fresh strawberries were provided as a control sample. Each panelist was
asked to rate using a hedonic scale ranges from 1-5, where 1 = detest, 2 =
dislike, 3 = neutral, 4 = like, and 5 = extremely like. The sensory eval-
uation includes the intensity of aroma and taste (Van de Velde et al.,
2018). All participants in the sensory tests gave informed consent.

2.8. Statistical analysis

A two-way analysis of variance was used to determine the effect of
heating plate temperature and freeze-drying time variations on the
physical characteristics and sensory of frozen strawberry. If the F-count
value is greater than F-crit, it means there is a significant difference in
effect at the 95% significance level. The most influenced variables can be
calculated using Duncan's Multiple Ranges Test (Yu et al., 2018).

3. Results and discussions
3.1. Weight loss

Profile of strawberry weight loss during freeze-vacuum drying at
variations at heating plate temperature and freeze-drying time was
shown in Figure 2. At the beginning of drying, weight loss decreases
rapidly up to 36 h and then tends to slope until the duration drying is 48
h. After reaching the freezing point, the weight loss not yet changes.
Based on Figure 2 it is also showing that the higher of heating plate
temperature, the higher the percentage of strawberry weight loss.

The strawberry fruit was freeze-dried at heating plate temperature 60
°C and drying time 48 h had a weight loss of 8.75%, while the samples
were dried at the heating plate temperature of 50 and 40 °C have a
weight loss of 3.750 and 7.50%, respectively. These data show that the
heating plate temperature has a significant effect on decreasing the
weight loss of strawberries. Freeze-drying time also significantly in-
fluences the weight loss of strawberries. The longer the freeze-drying
time, the higher the weight loss due to the presence of flashes and sub-
limation that are getting longer, so that the release of water is also higher.

The results of the analysis of variance are known that the value of F-
count (7.96) is greater than the F-crit value (5.14). This means that the
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treatment of variations at heating plate temperature and freeze-drying
time has significant influence (p < 0.05) on the decrease in strawberry
weight as a result of drying (Table 1). This data also shows that the
weight loss of strawberries changes during freeze-drying.

The fruit weight loss was generally affected by the evaporation of
moisture content during the drying process (Jaster et al., 2018). During
the drying process there is a decomposition of organic compounds into
inorganic compounds, namely compounds that are oxidized to CO2 and
absorb Oj, then reduced to H;0O. The respiration process also causes
changes in carbohydrate compounds and produces CO3 (Thomas-Valdés
etal., 2019). The respiration process takes place continuously, so that the
drying longer, the reduction in mass in the fruit also increases (Buvé
et al., 2018).

3.2. Moisture content

The analysis results of the frozen strawberry moisture content ranged
from 90-95%. Evaporation of the moisture content of strawberry during
the vacuum-freeze dryer as shown in Figure 3. At the beginning of drying,
the moisture content drops dramatically until the 24th hour, then they
decrease at the 36th hour, and they stable at the 48th hour. This data
proves that the curve of decreasing moisture rate shows a pattern that is
consistent with the results of other studies (Thomas-Valdés et al., 2018).

The strawberry moisture content is still stable during the drying
process at treatment variation of heating plate temperatures. The sta-
bility of this moisture content shows low metabolic activity during the
drying process. Other researchers also reported that strawberries stored
at freezing temperatures still occur in the process of respiration, namely
the release of water (H,O) and carbon dioxide (CO5) (Pan et al., 2014).

Evaporation of moisture content from fruit cells occurs during the
drying process because of the sublimation of water to ice crystals. The
moisture content evaporates from the cell then freezes on the surface of
the fruit skin. Changes in moisture content into ice crystals occur by
absorbing water from cells so that the fruit cells become dry and the
surface of the fruit skin wrinkles (Falah et al., 2016).

The analysis of variance results shows that F-count (8.68) is greater
than the F-crit value (5.14) (Table 2). This means that variations at the

95
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Figure 3. Evaporation of strawberry moisture content during a vacuum-freeze
drying at heating plate temperature and freeze-drying time variations.

Table 1. Results of analysis of variance of the weight loss parameters of frozen strawberry at variations heating plate temperature and freeze-drying time.

Source of Variation SS df MS F P-value F-crit
Rows 27.79 2 13.89 7.96 0.020 5.14
Columns 78.48 3 26.16 14.98 0.003 4.76
Error 10.48 6 1.75

Total 116.76 11
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Table 2. Results analysis of variance of the frozen strawberry moisture content parameters at heating plate temperature and freeze-drying time variations.

Source of Variation SS df MS F P-value F-crit
Rows 2.49 2 1.25 8.68 0.017 5.14
Columns 25.34 3 8.44 58.91 7.65E-05 4.76
Error 0.86 6 0.14
Total 28.67 11
0.17 temperature of 50 °C and freeze-drying time 24; 36; and 48 h, the F-max
017 values are 0.16; 0.15; and 0.15 N, and a heating plate, temperature 60 °C
and freeze-drying time 24; 36; and 48 h, the F-max value are 0.16; 0.16;
0.16 and 0.17 N.
Z 0.16 In general, the strawberry texture has decreased after freeze-drying
; 015 (Figure 4). The mechanical strength of the fruit decreases due to the
£ evaporation of moisture content so that the volume of strawberry fruit is
e 0.15 also reduced. The same has been reported by Asioli et al. (2018) that
0.14 mechanical resistance to compression, shear force, and strawberry stiff-
0.14 ness decreases after drying.
o013 Frozen strawberries have a soft and wrinkled texture because some

0 24 36 48
Freeze-drying time (h)

Figure 4. Graph of texture changes of frozen strawberries during vacuum-freeze
dryer at heating plate temperature variations.

treatment of heating plate temperature and freeze-drying time have a
significant influence (p < 0.05) on the frozen strawberry moisture con-
tent. This shows that there is a significant change in the strawberry
moisture content during the freeze-drying process. The same has been
explained by Gaston et al. (2019) that the strawberry moisture content
decreases during freeze-drying.

3.3. Texture determination

The frozen strawberry texture was determined based on pressing
strength (F-max value). The F-max value for the treatment of heating
plate temperature of 40 °C and freeze-drying time of 24, 36, and 48 h of
0.15; 0.14; and 0.14 N, respectively. For the treatment of heating plate

moisture content has evaporated. This is in line with the report Alikhani
and Daraei Garmakhany (2012) that if the moisture content in fruit cells
decreases due to evaporation during drying, the skin cells become soft,
limp, and dry, so the fruit looks wrinkled. The texture of strawberries
changes during storage due to moisture evaporation (Asioli et al., 2018).
If the moisture content in the cell decreases, the cell becomes soft and
weak (Jorge et al., 2018).

The variance of analysis results for texture parameters indicates that
the F-count value (8.183) is greater than the F-crit value (5,143)
(Table 3). This means that the treatment of variations in heating plate
temperature and freeze-drying time has influenced significantly (p <
0.05) on the strawberry texture. It also shows that the texture of straw-
berries undergoes significant changes during the drying process.

3.4. Color analysis

Color was the main parameter for consumers for determining the
quality of processed food products. The product color can be easily seen
visually by the sense of sight without using the equipment. The color

Table 3. The analysis of variance results for frozen strawberry texture parameters at heating plate temperature and freeze-drying time variations.

Source of Variation SS Df MS F P-value F-crit
Rows 2.86 1.43 8.18 0.02 5.14
Columns 2.67 0.89 5.09 0.044 4.76
Error 1.05 0.17

Total 6.57 11

{A)
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Figure 5. Strawberry fruit, (A) before freeze-drying and (B) after freeze-drying.
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Figure 7. The results of the panelist's assessment of the aroma (A) and taste (B)
of frozen strawberries.

difference between fresh and frozen strawberries from the results of this
study is shown in Figure 5. Based on this figure it is can be seen that the
color of fresh strawberry is greenish-red, while frozen strawberry is dark
red.

Graph of the color changes of frozen strawberries as shown in
Figure 6. The color components of dried strawberry tend to decrease
during the drying process. It can be seen that the strawberry color
changes from red to dark red during the drying process.

Based on Figure 6, it can be seen that the redness color component
increases during the drying process. This indicates that the color of the
strawberries before being dried is greenish-red and then turns into a
maroon after drying. While yellowness colors tend to decrease after
drying. The discoloration of the strawberries becomes dark because of
the enzymatic browning process. The enzymatic browning process occurs
because of the reaction between polyphenol oxidase and oxygen enzymes
with phenolic substrates on strawberry fruit (Chisari et al., 2007). Some
researchers also report that color is the most important criterion for
consumers in determining product choices (Yue et al., 2019).

Table 4. Results of analysis of variance for frozen strawberry color parameters at variations heating plate temperature and freeze-drying time.

Source of Variation SS df MS F P-value F-crit
Rows 6.17 3.08 5.84 0.04 5.14
Columns 68.33 22.78 43.16 0.00 4.76
Error 3.17 0.53

Total 77.67 11
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The results analysis of variance obtained F-count values (5.84)
greater than the F-crit value (5.14) (Table 4). This data showed variations
of heating plate temperature and freeze-drying time has influenced
significantly (p < 0.05) on the color parameters of frozen strawberries.
Thus, during the freeze-drying process, there has been a change in color
from bright red to dark red.

The color change that occurs in strawberries is one of the important
factors in the freeze-drying process. The same analogy has been
explained by Jiang et al. (2020) that the color changes of strawberries
during storage at room temperature occur significantly, but the changes
are not significant at cold temperatures. This color change is also influ-
enced by changes in the physiology and chemistry of strawberries. The
color change of strawberries is the process of synthesizing carotenoid
pigments and flavonoids (Lesme et al., 2020).

The strawberry fruit has a red pigment that comes from the concen-
tration of anthocyanin (Patras et al., 2009; Gaston et al., 2019). The
lower the concentration of anthocyanin, the color of the fruit becomes
purple, on the contrary, if the concentration of anthocyanin is very high,
the color of the fruit can be blackish (Asioli et al., 2018). For low pH,
anthocyanin can have a red effect on fruit, while for neutral pH the color
of the fruit becomes blue, and for high pH, the fruit color becomes pale
(Ozcan and Barringer, 2011). Besides, the formation of pigments in the
fruit is also influenced by temperature, light, and carbohydrate content
(Curi et al., 2016). The higher the place where the plant grows, the higher
the anthocyanin content of the fruit (Brown et al., 2008).

3.5. Sensory tests

Sensory tests for frozen strawberries were carried out by 25 panelists.
This test uses an assessment method with values from 1-5 to measure the
panelist preference level for the parameters of the aroma and taste of
frozen strawberries. The results of the panelist's assessment of the aroma
and taste of frozen strawberries are presented in Figure 7A and B.

Based on data from the panelist's assessment of the aroma of frozen
strawberries, it is known that 36% of panelists said that they extremely
like, 32% said that they like, 16% said that they neutral, 12% said that
they dislike, and only 4% detest (Figure 7A). This data shows that in
general frozen strawberries in various variations of freeze-drying treat-
ment are still favored by consumers because they have a fresh fruit-like
aroma.

The use of low temperatures during freeze-drying does not signifi-
cantly affect the aroma of frozen strawberries. This is in line with the
results of research conducted by Sun et al. (2016) that the use of a vac-
uum freeze dryer is safer against the risk of degradation of product aroma
changes. This happens because the temperature used for drying is low.
Karoline Martinsen et al. (2020) have also reported that samples that are
dried in freeze-drying are first frozen, and then dried using low pressure,
resulting in a sublimation process in which the water content was frozen
turns into steam.

Another indicator of consumer acceptance of frozen food products is
taste. As reported by Yusufe et al. (2017) that taste is an indicator of
organoleptic food quality which is formed as a result of stimulation of the
taste buds (tongue) that make up the overall flavor of the product being
assessed.

The results of the panelist's assessment of the taste of frozen straw-
berries found that 44% of panelists said that they extremely like, 32%
said that they like, 12% said that they neutral, 8% said that they dislike,
and only 4% detest (Figure 7B). Based on the data it can be said that in
general, the taste of frozen strawberries is also very favored by panelists.
The taste of frozen strawberry products is no different from the taste
found in fresh strawberries.

A frozen food product even though it has an attractive appearance
and color and is loved by consumers, but its acceptance will decrease if
there has been a deviation of taste (Ansar and Azis, 2019). Strawberry
fruit has a sweet and sour taste (citrus) that is fresh and soft (Yue et al.,
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2019). This compound is not easily evaporated by the influence of
environmental temperature (Souza et al., 2014).

4. Conclusion

The freeze-vacuum drying process has a significant influence on the
parameters of weight loss, moisture content, texture, and color, but does
not influence significantly to aroma and taste. The parameters of aroma
and taste of frozen strawberries do not change significantly after was
frozen and they seem fresh fruit. The decrease in weight loss ranged from
3.75-8.75%, moisture content ranged from 2.80-4.20%, textures ranged
from 0.30-2.13%, and colors ranged from 3.50-7.00%. Processing
strawberries into frozen products is a good prospect for the industry in
the future.
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