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Abstract. 
Strawberries (Fragaria), a rich source of phytochemicals (ellagic acid, anthocyanins, quercetin, and catechin) and vitamins 
(ascorbic acid and folic acid), have been highly ranked among dietary sources of polyphenols and antioxidant capacity. 
Bioactive compounds in strawberry revealed high abundance of anthocyanins, flavonols, flavanols, and cinnamic acid.  To 
increase strawberrys popularity and expand their use in the food industry, it’s neccesary to explore the appropriate postharvest 
handling and storage. Therefore, objective of this study focused on the effect of blanching temperature and time; heat pump 
drying temperature and storage condition to cinnamic acid (mg/100 gDW), antioxidant activity (mmol·Fe2+/kgDW), color 
(sensory score) of the dried strawberry (Fragaria)   . Results showed that strawberry (Fragaria) should be blanched in hot 
water 95oC at 10 seconds in the present of Calcium lactate 0.2% and then beeing dried by heat pump dryer at 50oC until 12% 
moisture. The final dried strawberry could be preserved under vacuum in PET/AL/PE bag at 4oC to maintain antioxidant 
activity for 12 months. 
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I. INTRODUCTION
Strawberry, a member of the Rosaceae family that belongs 
to the genus Fragaria, is very popular due to its attractive 
fruits with unique taste, spectacular aroma, and smooth red 
texture. Strawberry contains high levels of micronutrients 
and phytochemical compounds. These exhibit functional 
roles in plant growth and metabolism and are also essential 
for the nutritional and organoleptic qualities of the fruit.1 
The nutritional quality ofstrawberry fruits correlates with 
the remarkable abundance of phenolic compounds, 
including anthocyanin, flavonoids, and nutrients such as 
folate, vitamin C, sugars, and minerals.2, 3 Strawberry 
fruitsrich in phenolic compounds can impart health benefits 
to humans.4 The characteristic phenolic compounds in 
strawberries are anthocyanins, which are responsible for the 
red flesh color, flavonols, flavanols, and derivatives of 
hydroxycinnamic and ellagic acid. The free radical 
scavenging effect of the fruit extract can be associated with 
the anthocyanin content.5  Strawberries are the main dietary 
source of ellagic acid-containing compounds, such as 
ellagic acid and ellagitannins, which account for 51% of 
their total phenolic content.6 The remarkable polyphenolic 
and antioxidant contents of strawberries improve the 
immune system and reduce obesity-related disorders and 
the risk of heart disease.7, 8 Moreover, it has been shown 
that strawberry fruit extracts exhibit antioxidative and 
anticancer activities both and in vivo. the bioavailability 
and metabolism of major strawberry phytochemicals as 
well as their actions in combating many pathologies, 
including cancer, metabolic syndrome, cardiovascular 
disease, obesity, diabetes, neurodegeneration, along with 
microbial pathogenesis have been reviewed.7 Consumption 
of strawberries has several other health benefits, such as 
improved eye condition, enhanced brain function, and relief 

from high blood pressure, arthritis, and various 
cardiovascular diseases.7 Nutritional epidemiology shows 
inverse association between strawberry consumption and 
incidence of hypertension or serum C-reactive protein; 
controlled feeding studies have identified the ability of 
strawberries to attenuate high-fat diet induced postprandial 
oxidative stress and inflammation, or postprandial 
hyperglycemia, or hyperlipidemia in subjects with 
cardiovascular risk factors.9 The nutritional quality of 
strawberry fruits can be considerably affected by several 
pre-harvest and post-harvest conditions, which, in most 
cases, may decrease the nutrient and the phytochemical 
contents of this fruit.10

Drying kinetic, as well as color and volume variation, of 
whole and sliced strawberries were investigated after 
freezedrying under various temperatures (30, 40, 50, 60 and 
70oC).11 The effects of different drying conditions, such as 
infrared power, drying air temperature and velocity, on 
quality of strawberry were evaluated.12 The effect of 
blanching and glucose concentration before drying on the 
rate of moisture movement during the early stages of air 
dehydration of strawberries at 55 °C was studied.13 The 
effect of water or steam blanching, glucose impregnation to 
attain an equilibrium water activity (aw) value of 0.93 or 
0.95, and the addition of calcium on textural characteristics 
of strawberries was analysed.14 Processing, packaging, and 
storage effects on quality of freeze‐dried strawberries were 
determined.15 Strawberries are highly susceptible to 
mechanical injury, physiological disorders, fungal activity 
and water loss.16 They have a very short post harvest shelf 
life, which effects market potential and consumer access.17 
The cultivation and awareness of the numerous benefits of 
strawberry (Fragaria) is springing up in Vietnam and there 
arise the need to produce value-added products. To increase 
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strawberrys popularity and expand their use in the food 
industry, it’s neccesary to explore the appropriate 
postharvest handling and storage. Therefore, objective of 
this study focused on the effect of blanching temperature 
and time; heat pump drying temperature and storage 
condition to cinnamic acid (mg/100 gDW), antioxidant 
activity (mmol·Fe2+/kgDW), color (sensory score) of the 
dried strawberry (Fragaria). 
 

II. MATERIALS AND METHOD 
2.1 Material 
We collected strawberry (Fragaria) in Lam Dong province, 
Vietnam. They must be cultivated following VietGAP to 
ensure food safety. After collecting, they must be conveyed 
to laboratory within 4 hours for experiments. They were 
washed under tap water to remove foreign matters. The 
samples were then washed with Perasan to avoid 
contamination. After removing the superficial green 
portion, the fruits were subsequently blanched and dried. 
Besides strawberry (Fragaria) we also used another 
material during the research such as Calcium lactate. Lab 
utensils and equipments included digital weight balance, 
cooker, heat pump dryer. 

 
Figure 1. Strawberry (Fragaria) 

 
2.2 Researching procedure 
2.2.1 Effect of blanching temperature and time to 
cinnamic acid (mg/100 gDW), antioxidant activity 
(mmol·Fe2+/kgDW) and color (sensory score) in the dried 
strawberry (Fragaria)    
Raw strawberry (Fragaria)   were blanched in water 
solution with 0.2% Calcium lactate at different temperature 
and time (100oC, 5 second; 95oC, 10 seconds; 90oC, 15 
seconds; 85oC, 20 seconds). Then they were dried by heat 
pump at 50oC until 12% moisture. All samples were 
analyzed cinnamic acid (mg/100 gDW), antioxidant activity 
(mmol·Fe2+/kgDW), color (sensory score) to validate the 
appropriate blanching condition. 
2.2.2 Effect of drying temperature by heat pump to 
cinnamic acid (mg/100 gDW), antioxidant activity 
(mmol·Fe2+/kgDW) and color (sensory score) in the dried 
strawberry (Fragaria)    
Raw strawberry (Fragaria) was blanched in water solution 
with 0.2% Calcium lactate at 95oC in 10 seconds. Then 
these samples would be dried under heat pump dryer at 
different temperature (30oC, 35oC, 40oC, 45oC, 50oC, 55oC) 
until 12% moisture. All samples were analyzed cinnamic 
acid (mg/100 gDW), antioxidant activity (mmol·Fe2+/kgDW), 
color (sensory score) to validate the appropriate drying 
temperature. 

2.2.3 Effect of storage condition to antioxidant activity 
(mmol·Fe2+/kgDW) in the dried strawberry (Fragaria)    
After completion of drying treatment, the dried strawberry 
(Fragaria) was subjected to storage. They were kept in 
PET/AL/PE (zipper top), PET/AL/PE (vaccum) bag at 
different 4oC, 28oC. The antioxidant activity 
(mmol·Fe2+/kgDW) will be analyzed in 3 months interval for 
12 months.  
2.3 Physico-chemical and sensory analysis 
Cinnamic acid (mg/100 gDW) content of the strawberry 
(Fragaria) was determined by chromatographic method.18 
The antioxidant capacity of strawberry was assessed using 
a ferric reducing antioxidant power (FRAP) assay.19, 20 
Color (sensory score) of strawberry (Fragaria) was 
assessed by a group of panelist. They were required to 
evaluate the odour, colour, taste, sweetness and overall 
acceptance using the 9-point hedonic scale (1 = dislike 
extremely, 9 = like extremely). 
2.4 Statistical analysis  
The experiments were run in triplicate with three different 
lots of samples. Data were subjected to analysis of variance 
(ANOVA) and mean comparison was carried out using 
Duncan’s multiple range test (DMRT) Statistical analysis 
was performed by the Startgraphics. 

 
III. RESULT & DISCUSSION 

3.1 Effect of blanching temperature and time to 
cinnamic acid (mg/100 gDW), antioxidant activity 
(mmol·Fe2+/kgDW) and color (sensory score) in the dried 
strawberry (Fragaria)    
Raw strawberry (Fragaria) was blanched in water solution 
with 0.2% Calcium lactate at different temperature and 
time (100oC, 5 second; 95oC, 10 seconds; 90oC, 15 
seconds; 85oC, 20 seconds). Then they were dried by heat 
pump at 50oC until 12% moisture. All samples were 
analyzed cinnamic acid (mg/100 gDW), antioxidant activity 
(mmol·Fe2+/kgDW), color (sensory score) to validate the 
appropriate blanching condition. Results were mentioned in 
table 1. From table 1, the strawberry (Fragaria) should be 
blanched at 95oC in 15 seconds to maintain the most 
cinnamic acid (mg/100 gDW), antioxidant activity 
(mmol·Fe2+/kgDW), and sensory score in the dried 
strawberry (Fragaria)   . 
The effect of blanching and glucose concentration before 
drying on the rate of moisture movement during the early 
stages of air dehydration of strawberries at 55 °C was 
studied. It was found that the effective diffusion coefficient 
of water in strawberries (Deff) was strongly affected by heat 
pretreatment, but glucose dipping after blanching caused no 
additional effect.13 The effect of water or steam blanching, 
glucose impregnation to attain an equilibrium water activity 
(aw) value of 0.93 or 0.95, and the addition of calcium on 
textural characteristics of strawberries was analysed. 
Strawberries were softened by blanching, varying the 
maximum extrusion force from 53 to 82% of the value of 
the fresh fruit for water or vapour treatment, respectively. 
Major changes in texture occurred during blanching, while 
the influence of the impregnation step depended on the 
previous treatment. Addition of 0.1% (w/w) calcium lactate 
during the impreg nation stage improved the textural 
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characteristics of vapour-blanched glucose-treated fruits 
but was ineffective in preventing softening of water-
blanched glucose-treated strawberries.14 

 
3.2 Effect of drying temperature by heat pump to 
cinnamic acid (mg/100 gDW), antioxidant activity 
(mmol·Fe2+/kgDW) and color (sensory score) in the dried 
strawberry (Fragaria)    
Drying is particularly important for handling and 
distribution of agricultural products with high moisture 
content and limited shelf life such as fruits and vegetables. 
The main objective of drying is to reduce moisture content 
to a level where microbial spoilage and deteriorative 
chemical reactions of agricultural products in minimal.21 
Drying is one of the oldest methods of food preservation 
during which strawberries must be protected against direct 
solar radiation to avoid discoloration. Drying techniques 
also cause changes in some physical properties, such as 
color, texture, and size. Chemical changes, such as losses 
of flavor and nutrients, also occur during convective 
drying.22 

Raw strawberry (Fragaria) was blanched in water solution 
with 0.2% Calcium lactate at 95oC in 10 seconds. Then 
these samples would be dried under heat pump dryer at 
different temperature (30oC, 35oC, 40oC, 45oC, 50oC, 55oC) 
until 12% moisture. All samples were analyzed cinnamic 
acid (mg/100 gDW), antioxidant activity (mmol·Fe2+/kgDW), 

color (sensory score) to validate the appropriate drying 
temperature. Results were mentioned in table 2. From table 
2, they should be dried at 50oC to maintain the most 
cinnamic acid (mg/100 gDW), antioxidant activity 
(mmol·Fe2+/kgDW) and sensory score in the dried strawberry 
(Fragaria)   . 
At heating temperatures higher than 50oC, the strawberry 
dry layer temperature was higher than the estimated glass 
transition temperature of dried fruit, increasing the risk of 
collapse.11 The effects of different drying conditions, such 
as infrared power, drying air temperature and velocity, on 
quality of strawberry were evaluated. The optimal 
conditions to preserve nutrients in infrared drying of 
strawberry were 200 W, 100 �C and 1.5 m/s).12 It was 
observed that ellagic acid and flavanol in strawberry were 
adversely affected by drying techniques.23 

 
3.3 Effect of storage condition to antioxidant activity 
(mmol·Fe2+/kgDW) in the dried strawberry (Fragaria)    
After completion of drying treatment, the dried strawberry 
(Fragaria) was subjected to storage. They were kept in 
PET/AL/PE (zipper top), PET/AL/PE (vaccum) bag at 
different 4oC, 28oC. The antioxidant activity 
(mmol·Fe2+/kgDW) will be analyzed in 3 months interval for 
12 months. Dried strawberry (Fragaria) should be stored 
under vacuum in PET/AL/PE bag at 4oC to maintain 
antioxidant activity (mmol·Fe2+/kgDW) for 12 months.  

 
Table 1. Effect of blanching and time to cinnamic acid (mg/100 gDW), antioxidant activity (mmol·Fe2+/kgDW) and 

color (sensory score) in the dried strawberry (Fragaria)    

Blanching Cinnamic acid (mg/100 gDW) Antioxidant activity 
(mmol·Fe2+/kgDW) 

Sensory score 

100oC, 5 seconds 57.45±0.02b 8.07±0.02b 6.65±0.01c 

95oC, 10 seconds 60.38±0.01a 9.41±0.01a 7.29±0.02a 

90oC, 15 seconds 56.01±0.00c 6.64±0.00c 7.04±0.01b 

85oC, 20 seconds 52.67±0.01d 5.71±0.03d 6.12±0.01d 

Note: the values were expressed as the mean of three repetitions; the same characters (denoted above), the difference between them was not significant (α = 5%). 

 

Table 2. Effect of drying temperature by heat pump to cinnamic acid (mg/100 gDW), antioxidant activity 
(mmol·Fe2+/kgDW) and color (sensory score) in the dried strawberry (Fragaria)    

Drying temperature Cinnamic acid (mg/100 gDW) Antioxidant activity 
(mmol·Fe2+/kgDW) 

Sensory score 

30oC 59.85±0.03ab 9.40±0.01a 7.08±0.02b 

35oC 59.85±0.00ab 9.40±0.03a 7.08±0.01b 

40oC 59.83±0.01ab 9.40±0.02a 7.10±0.03ab 

45oC 59.80±0.02ab 9.41±0.01a 7.13±0.02ab 

50oC 60.38±0.01a 9.41±0.01a 7.29±0.02a 

55oC 52.27±0.02b 8.05±0.03b 6.55±0.01c 

Note: the values were expressed as the mean of three repetitions; the same characters (denoted above), the difference between them was not significant (α = 5%). 
 

Table 3. Antioxidant activity (mmol·Fe2+/kgDW) in dried strawberry (Fragaria) by the effect of packaging material 
and storage temperature 

Storage time 
(month) 

Dried strawberry (Fragaria) by the storage 
temperature (oC) kept in PET/AL/PE (zipper top) 

Dried strawberry (Fragaria) by the storage 
temperature (oC) kept in PET/AL/PE (vaccum) 

4 oC 28 oC 4 oC 28 oC 
0 9.41±0.01a 9.41±0.01a 9.41±0.01a 9.41±0.01a 
3 9.37±0.02ab 9.36±0.00ab 9.40±0.01a 9.38±0.02ab 
6 9.36±0.00ab 9.32±0.02b 9.38±0.01ab 9.35±0.00b 
9 9.29±0.01b 9.27±0.01bc 9.35±0.03ab 9.30±0.01bc 

12 9.26±0.03b 9.25±0.03c 9.29±0.01b 9.27±0.03c 
Note: the values were expressed as the mean of three repetitions; the same characters (denoted above), the difference between them was not significant (α = 5%). 
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A study was to determine how vacuum‐assisted microwave 
drying (VMD, 50C, 6 kPa for 3 h) affects the quality 
attributes and shelf life of dehydrated strawberries. 
Changes of quality attributes such as color, texture, and 
rehydration, shrinkage, polyphenol contents, antioxidant 
activity, and physicochemical and sensory properties were 
assessed. Vacuum packed, dehydrated strawberries were 
stored at 20oC in the dark for 6 months. VMD resulted to 
minimum color difference. Texture changed by increased 
mechanical resistance and stiffness, and decreased 
toughness after VMD. Sensory attributes were between 3.5 
and 4.3 on 5‐point intensity hedonic scale. Anthocyanins 
were the most unstable components in strawberries after 
VMD and storage, assessing the strawberry shelf life to 68 
days.21 In another research, water sorption isotherms of 
freeze‐dried strawberries were determined using the 
interval sorption technique. The surface temperature during 
freeze‐drying (from 20°C to 60°C) affected the 
hygroscopicity of the strawberries, particularly below 0.40 
aw. Over 1 year, quality changes in dried strawberries were 
evaluated by sensory analysis at 3‐month intervals. 
Crushing before drying and low processing temperatures 
improved sensory quality of dried strawberries and vacuum 
packaging improved storage stability.15

IV. CONCLUSION
Dried strawberry (Fragaria) is referred to as a functional 
fruit because of its high nutritional value and bioactive 
elements. These bioactive factors can be significantly 
affected by differences in strawberry cultivars, agricultural 
practices, storage, and processing methods. Dehydration 
preserves strawberry in a stable and safe condition by 
reducing water activity, extending the shelf life much 
longer than that of fresh products. 
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	We collected strawberry (Fragaria) in Lam Dong province, Vietnam. They must be cultivated following VietGAP to ensure food safety. After collecting, they must be conveyed to laboratory within 4 hours for experiments. They were washed under tap water t...



