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Introduction

Strawberry, known as Fragaria x ananassa Duchesne, is a 
popular fruit with unique aroma that has sour to sweet taste 
and provides in many places in the world. The fruit contains 
many beneficial substances for human body such as bioactive 
compounds, vitamins, fiber, and minerals [1]. Flavonoids and 
Polyphenols known as antimutagenic, anticarcinogenic, and 
antioxidant also contain in high rates in strawberry [2]. This 
nutrition composition can be various based on the purposes of 
commercial cultivation and breeding programs and the studies 
which are focused on the fruit quality concept [3]. In modern 
breeding programs, characteristic of cultivar, such as genotypes, 
has influence to physical-chemical, nutritional composition, and 
the sensorial in strawberry [4-6]. Sensory, such as fruit odor, sweet 
flavor, and flavor aftertaste, can impact to human consumption 
behavior [7]. Therefore, aroma is one of the crucial aspect for 
enhancing consumer preferences and commercialization in the 
market. 

Many studies has been conducted to investigate the change 
of aroma in the strawberry based on different focuses such as 
freezing process [8], cultivation conditions [9], and maturity 
stage at harvest [10]. Identified 122 volatile organic compounds 
(VOCs) categorized as esters, terpenes, lactones, and alcohols 
with 46.5% ester constituent have been found in Korean cultivars 
[11]. The VOCs commonly identify using Gas Chromatography−
Mass Spectrometry (GC-MS) with solid-phase micro-extraction 
(SPME) [12-15], Atmospheric Pressure Chemical Ionization-Mass 
Spectrometry (APCI-MS) with GC−MS [16], multi-dimensional 
gas chromatography (GC × GC) with SPME method [17], and 
Headspace (HS) with the combination of SPME−GC−MS in 
strawberry [18-20].

Olfactory organ naturally has capability to discriminate the 
aroma by using the combination of (1) cross-sensitive olfactory 
receptor arrays, (2) olfactory codes, and (3) the recognition 
system by brain [21]. Electronic nose (e-nose) is an instrument 
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that comprise similar artificial components of olfactory receptors 
and composed of a gas sensor array that responds to volatile 
compounds in a digital fingerprint [22]. The gas sensor array is the 
combination of several different sensors with a microfabrication 
process which can contain SnO2, CuO, In2O3, and ZnO [23,24]. 
Metal oxide semiconductor (MOS) is one of sensor array which can 
detect odors in different sample such as liquors [25], banana [26], 
essential oils [27], fresh and rotten egg [28,29]. In this study, an 
electronic nose was used to identify the characteristic of volatile 
organic compounds produced in the strawberry after harvesting, 
during storage, and compare the characteristics differences of 
volatile organic compounds according to cultivar of strawberry. 

Materials and Methods

Samples and Materials Preparation

Strawberry ‘Seolhyang’ (ST1) and ‘Geumsil’ (ST2), twenty 
kilograms of each species, were obtained from strawberry farm, 
packed in 1 kg Styrofoam box, and distributed to the Korea Food 
Research Institute (KFRI), Wanju-gun, Republic of Korea. After 
receiving the strawberry at the institute, each samples were 
stored at 5 ± 1 ℃ for 10 days and determined their quality indexes 
every day until the final day of experiment. 

Weight Loss, Moisture Content, and Total Soluble Solids 

Three boxes of sample were measured the weight using 
electronic balance (CUX4299HX, CAS Co., Ltd., Yangju-si, Republic 
of Korea) and calculated the weight loss on a percentage using the 
following equation [30]: 

( ) x100
W Wo pWeight loss WL

Wo

−
=

		  (1)

Details:

	 Wo 	 : initial weight of strawberry before storage (g)

	 Wp 	 : the weight of strawberry after storage (g)

The moisture content of strawberries (200 gr) was 
determined using an oven-drying method which previously mixed 
by kitchen blender (HMF600, Hanil Global Tech Co., Ltd., Sejong-si, 
Republic of Korea) and 2 grams of mixed samples, on an aluminum 
container, were dried using a dry oven (HK-D0134F, Hankuk S&I 
Co., Ltd., Hwaseong-si, Republic of Korea) at 135 ℃ for 3 hours. 
The moisture content were evaluated using the following equation 
[31]: 

( )( )% x100
M Mi dMoistureContent wb

Mi

−
= 	 (2)

Details:

	 Mi 	 : initial/fresh sample weight (g)

	 Md 	 : dried sample weight (g)

The blended sample (0.5 mL) from previous preparation 
were used to determine the total soluble solids (TSSs) using 
refractometer (PAL-1, Atago Co., Ltd., Tokyo, Japan) [32] and the 
TSSs result from three replications of analysis were performed as 

the percentage (%).

Titratable Acidity and pH

The pH value of 20 mL mixed strawberry, placed in a 50 mL 
beaker glass, were examined using a digital pH meter (TA-70, 
DKK-TOA Corp., Tokyo, Japan) and determined their percentage of 
titratable acidity (TA) by adding 0.1 N NaOH to the sample until 
reached pH 8.2. The NaOH volume that consumed during the 
titration was converted as citric acid and used to determine the TA 
according to the equation (3) [33]. 

( )( )
x192 x N

% x100
x100

VNaOH NaOHTitratable Acidity TA
Vs

=
	 (3)

Details:

	  VNaOH 	 : Volume of NaOH used in the sample until 
reach pH 8.2 (mL)

	 NNaOH
	 : NaOH Normality (0.1 N)

           
Vs : Volume of Sample

Microbial Growth 

Total yeast and mold (YM) and total viable count (TVC) in 
strawberry were evaluated using the microbial count plates (Yeast 
& Mold Count Plates 3M Petrifilm, 3MTM, St. Paul, MN, USA) and 
(Aerobic Count Plates 3M Petrifilm, 3MTM, St. Paul, MN, USA) 
[34]. In sterile condition, Ten grams of strawberry were obtained 
and diluted in a filter bag with 90 mL of 0.85% saline solution. 
The diluted sample was homogenized using a stomacher (Bag 
Mixer 400 CC, Interscience Intl., Saint-Nom-la-Brèteche, France) 
for one minute. After that, one milliliter of sample solution was 
transferred and diluted by 0.85% saline solution until 10 mL. The 
series dilution of sample was placed in count plate and incubated 
for 48 hours at 35 ℃ (TVC) and for 5 days at 25 ℃ (YM).

Texture

The texture of 15 Strawberry was measured using a texture 
analyzer (TA.XT2, Stable Micro Systems Ltd., Vienna Court, UK) 
as Newton (N). The texture profile analysis was performed based 
on the puncture and cutting systems using a cylinder 5-mm probe 
and a single blade set (HDP/BS Probe, Stable Micro Systems Ltd., 
Vienna Court, UK). In detail, modified parameters were defined as 
pre-test speed 5.0 mm s−1, test speed 5.0 mm s−1, post-test speed 
5.0 mm s−1, distance 45 mm, and trigger force 0.098 N [35,36]. 

Color Changes 

Color changes in strawberry was captured using an automatic 
colorimeter (CR-400, Konica Minolta Inc., Osaka, Japan) with 10 
sample with two replications. The color value was performed as 
CIELAB color parameters L*, a*, and b* which represents lightness 
from black to white, green to red, and yellow to blue, respectively 
[37]. For color differences or ∆E, the value was calculated 
according to the following formula (4): 

( ) ( ) ( )2* * * * * * * E L L a a b binitial stored initial stored initial stored∆ = − + − + −    (4)
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Volatile Organic Compounds Analysis

Volatile organic compounds (VOCs) in the strawberry was 
obtained using GC-FID Heracles II (Alpha M.O.S. Corp., Toulouse, 
France). The sample (500 grams) was mixed by kitchen blender 
(HMF600, Hanil Global Tech Co., Ltd., Sejong-si, Republic of Korea) 
and 2 mL of strawberry juice was placed in 20 mL vial and injected 
into the instrument in six repeats. Before the injection, the method 
was set based on the following parameters: injector temperature 
was set at 200 ℃ with injection volume of 1000 µL of 125 µL/s 
of speed, the sample incubation and trapping temperature were 
performed at 40 ℃ with 500 rpm agitation for 20 minutes. 
Furthermore, the thermal profile in the GC was programmed 
initially started from 50 ℃ to endpoint at 250 ℃ with the heating 
rate from 1 to 3 ℃/s with detectors’ temperature at 260 ℃. Besides, 
hydrogen gas flow was set at 30 mL/min to obtain the acquisition 
duration of 110s and acquisition period of 0.01 s. The results 
were recorded as chromatograph and treated raw data for further 
analysis. The VOCs identification was conducted using Kovats 
indices with retention time of C6-C16 and processed through 
Alpha-Soft software and AroChembae library. The confirmed VOCs 
were described in chemical compounds name, chemical formula, 
and odor description. 

Statistical Analysis

Analysis of variance (ANOVA) was performed by SPSS statistics 
24.0 software (SPSS Inc., Chicago, IL, USA) with a post hoc test of 
Tukey-HSD with significance level at 5%. The variables correlation 
(Pearson Correlation) and principal component analysis (PCA) of 
sample were conducted using R programming version 4.3.0 and 
RStudio Desktop 2023.12.1-402.

Results and Discussion

Quality indexes

Quality indexes of strawberry during storage for 10 days 
had been performed. There were moisture content, total soluble 
solids, weight loss, pH, titratable acidity, total viable count, total 
yeast and mold, hardness, color changes, and volatile organic 
compounds. The percentage of moisture content of ST1 and ST2 
was similar from day 0 until the final experiment (Figure 1(A)) 
and no significant differences among samples at p > 0.05. In Figure 
1(B), it shows the TSSs of sample ST1 and ST2. Generally, the ST1 
had higher value in TSSs compared to ST2. TSSs content increase 
during strawberry ripening and decreases in mature fruit due to 
respiration [38]. Soluble solids content will decrease ± 1.8% as 
average in line with the increase of temperature from 14.5 to 19.5 
℃ [39]. It can be expected that changes in TSSs of strawberry was 
slowed during storage at 5 ℃ due to low in respiration rate. The 
WL of ST1 in the early experiment was lower than ST2. However, 
the WL of ST1 increased on day 8 (1.02 kg) and more drastically 
increased in 10 days (1.33 kg). Weight loss in strawberry mainly 
occurs due to fruit respiration and water loss from fruit to 
atmosphere during transpiration [40,41]. Strawberries is easily 

to dry out due to thin and delicate skin and make them to rapid 
water loss [42].

pH and Titratable acidity (TA) in strawberry was performed 
as citric acid and observed from day 0 to day 10 (Figure 2). 
Change in pH is an indicator metabolism process that utilizes 
sugar and organic acids [43]. Besides, TA is attributable to the 
metabolic consumption of organic acids and possibly impact to 
fruit senescence in high rate of consumption [44]. The pH value 
of ST1 and ST2 was similar from initial day until the final day 
of experiment around 3.81-3.89. The TA in sample ST1 and ST2 
described similar results at 1.68-2.10% stored for 10 days at 5 ℃. 
It shows that pH and TA of strawberries were maintained from 
their initial conditions during storage at 5 ℃.

Total viable microbe (TVC) in ST1 initially were lower at 4.77 
log CFU/g than ST2 at 6.63 log CFU/g (Figure 3 (A)). Besides, 
total yeast and mold (YM) in ST1 and ST2 relatively similar at 
5.33 and 5.95 log CFU/g. The detected microbes can be linked 
to postharvest procedures through rinse water, human hand 
contamination, transportation, and storage condition [45]. Isolated 
bacterial found on the surface of strawberry can be Bacillaceae, 
Pseudomonadaceae, and Microbacteriaceae. Besides, isolated 
fungal are A. flavus, A. pluriseptata, C. albidus, and U. maydis [46]. 
The growth of TVC fluctuate compared to YM whether in ST1 or 
ST2. The final population of TVC in ST1 and ST2 on day 10 were 
5.00 and 6.83 log CFU/g; YM in ST1 and ST2 on day 10 were 6.40 
and 5.93 log CFU/g (Figure 4).

The different qualities of strawberry (pH, TA, and texture), 
stored at cool temperature, are clearly influenced by the cultivar 
[47]. The texture of strawberry especially hardness in ST2 
during storage at 5 ℃ relatively increased from day 0 to day 10. 
Meanwhile, ST1 no difference hardness at p > 0.05 from the first 
day until the final day of experiment in puncture and cutting 
method. These results are similar to the previous study [46]. 
Texture softening can be caused by microbial growth, physiological 
changes, moisture loss, enzymatic disruption of pectins, and high 
temperature condition during storage or ripening [5,42,48]. The 
hardness-puncture of ST1 were 4.04 N (day 0) and 4.49 N (day 
10). Hardness-puncture of ST2 were 5.03 N (day 0) and 5.28 N 
(day 10). Furthermore, hardness-cutting of ST1 and ST2 on day 0 
were 10.38 N and 10.30 N, respectively. On day 10, the hardness-
cutting of ST1 and ST2 were 11.78 N and 13.91 N. 

The color value of strawberry during storage was described 
in Figure 5. Oxidative browning reactions impact to less red and 
darkening color in ripe strawberries and this condition can be 
slowed at 0 ℃ [5,49]. It can be seen that for 10 days of storage of 
strawberry the color parameters such as L*, a*, b*, and ∆E in ST1 
and ST2 were no significant changes at p > 0.05. The color values 
from initial to final experiment in 10 days were relatively similar 
each other and maintained. In general, all quality indexes except 
weight loss was no significant difference at p > 0.05. This condition 
was maintained due to low temperature of storage (at 5 ℃). 
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Figure 1: (A) Moisture content is expressed on a fresh weight basis, (B) total soluble solid, and (C) weight loss of Strawberry during storage 
for ten days at 5 ℃. The data are expressed as mean ± SD, n = 3; the different letters (a-i) considering the same conditions represent 
significant differences at p < 0.05.

Figure 2: (A) pH and (B) titratable acidity of Strawberry during storage at 5 ℃ for ten days. The data are expressed as mean ± SD, n = 3; 
the different letters (a-e) considering the same conditions represent significant differences at p < 0.05.
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Figure 3: Microbial changes of (A) total viable count and (B) total yeast and mold in Strawberry during storage at 5 ℃ for 10 days. The data 
are expressed as mean ± SD, n = 3; the different letters (a-e) considering at the same conditions represents significant differences at p < 
0.05.

Figure 4: Firmness of Strawberry during storage at 5 ℃ for 10 days with different methods (A) puncture and (B) cutting. The data are 
expressed as mean ± SD, n = 15; the different letters (a-e) considering at the same conditions represents significant differences at p < 0.05.

Volatile Organic Compounds Analysis

Volatile organic compounds are organic chemical compounds 
that evaporate easily at room temperature [50]. The composition 
of aroma in strawberry mostly influenced by cultivar, maturity, 
and postharvest environment such as storage temperature 
and period [51]. The production of aroma during storage at 5 
℃ is higher that stored at 0 ℃ such as methyl hexanoate while 

decrease during storage [52]. VOCs were identified using 
electronic nose in ST1 and ST2 stored at 5 ℃ from day 0 to day 
10. Table 1 shows the chemical compounds and odor description 
of VOCs in strawberry. In ST1, the VOCs were identified methyl 
formate; 1-propanol; 1-propanol, 2-methyl-; methyl butanoate; 
ethyl butyrate; ethyl 2-methylbutyrate; (Z)-3-hexen-1-ol; (E)-2-
hexenal; 3-heptanone; methyl hexanoate; ethyl hexanoate; 2-ethyl-
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6-methylpyrazine; 4-hydroxy-2,5-dimethyl-3(2H)-furanone; 
linalool; 5-ethyl-3-hydroxy-4-methyl-2(5H)-furanone; methyl 
eugenol; butyl butanoate; 6-decenal; ()-carvone; and propul 
nonanoate. Besides, the VOCs in ST2 were 1-propanol; 1-propanol, 
2-methyl-; methyl butanoate; ethyl butyrate; butanoic acid; (Z)-
3-hexen-1-ol; (E)-2-hexenal; 2-heptanone; methyl hexanoate; 
2-ethyl-6-methylpyrazine; 4-hydroxy-2,5-dimethyl-3(2H)-

furanone; linalool; 5-ethyl-3-hydroxy-4-methyl-2(5H)-furanone; 
methyl eugenol; hexanal; E-2-hexen-1-ol; butyl butanoate; 
2-ethyl-3-methylpyrazine; triethyl phosphate; ()-carvone; and 
2-dodecanone. In Figure 6, it shows the chromatogram of VOCs 
in ST1 on day 0, day 4, and day 10. The chromatograms of VOCs 
changes in ST2 can be seen in Figure 7 with various intensity in 
different columns (MXT-5 and MXT-1701).

Table 1: Identified volatile organic compounds in ST1 and ST2 during storage at 5 ℃.

RT-Column Formula Chemical Compound Odor Description*

18.51-1 C2H4O2 Methyl formate Fruity, plum, estery

26.30-1 C3H8O 1-Propanol Alcoholic, fermented, musty

31.21-1 C4H10O 1-Propanol, 2-methyl- Ethereal, winey, cortex

38.84-1 C5H10O2 Methyl butanoate Fruity, apple, sweet, banana, pineapple

49.76-1 C6H12O2 Ethyl butyrate Fruity, pineapple, banana, caramelized ,sweet strawberry

51.51-1 C4H8O2 Butanoic acid** Sharp acetic, cheese, butter, fruit

54.84-1 C7H14O2 Ethyl 2-methylbutyrate Sharp. Sweet, green, apple, blackberry, strawberry 

55.61-1 C6H12O (Z)-3-hexen-1-ol Green, leafy, floral, petal, oily, earthy

56.51-1 C6H10O (E)-2-hexenal Green, banana, almond, apple, cherry, herbaceous, leafy, strawberry

58.41-1 C7H14O 2-Heptanone** Fruity, spicy, sweet, herbal, coconut, woody

58.80-1 C7H14O 3-Heptanone Green, fatty, fruity

63.52-1 C7H14O2 Methyl hexanoate Ethereal, fruity, pineapple, apricot, strawberry, tropical, fruit, 
banana

69.64-1 C8H16O2 Ethyl hexanoate Sweet, pineapple, green, banana, anise, apple, wine, gum, straw-
berry

70.82-1 C7H10N2 2-Ethyl-6-methylpyrazine Roasted potato

73.17-1 C6H8O3 4-hydroxy-2,5-dimethyl-3(2H)-furanone Sweet, cotton, candy, caramelized, sugar, strawberry

77.06-1 C10H18O Linalool Citrus, floral, sweet, woody, green, blueberry

82.67-1 C7H10O3
5-Ethyl-3-hydroxy-4-methyl-2(5H)-fu-

ranone Sweet, fruity, maple, brown sugar, nutty, chicory

92.47-1 C11H14O2 Methyl eugenol Sweet, fresh, warm, clove, carnation, cinnamon

57.39-2 C6H12O Hexanal** Fresh, green, fatty, aldehydic, leafy, fruity, sweaty

65.51-2 C6H12O E-2-Hexen-1-ol** Fresh, green, leafy, fruity, unripe, banana

72.49-2 C8H16O2 Butyl butanoate Fruity, banana, pineapple, green, cherry, tropical fruit, ripe fruit, 
juicy fruit

74.17-2 C7H10N2 2-Ethyl-3-methylpyrazine** Nutty, peanut, musty, corn, raw, earthy, bread

85.05-2 C10H18O 6-Decenal Tallow, green, cucumber

86.00-2 C6H15O4P Triethyl phosphate** Mild cider 

91.51-2 C10H14O ()-Carvone sweet spearmint, herbal minty

93.94-2 C12H24O2 Propyl nonanoate Yeast, melon

95.69-2 C12H24O 2-Dodecanone** Fruity, citrus, floral, orange

*Odor descriptions were confirmed through Aro Chem Base library (Alpha M.O.S. Corp., Toulouse, France).
**the VOCs were observed in ST2.

Multivariate analysis

Pearson correlation coefficient measures the linear 
relationship between pairs of variables [53]. Correlation 
coefficients are scaled from −1 to +1, where 0 indicates that 

there is no association or relationship in the data [54]. Pearson 
correlation was conducted to determine the relationship between 
VOCs and storage time from day 0 to day 10. In Figure 8(A), it 
can be seen that during the storage period VOCs in ST1 had a 
positive correlation with 1-Propanol, 2-methyl- (0.75) which 
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represented ethereal and winey aroma, methyl hexanoate (0.72), 
and propyl nonanoate (0.74) which had yeast aroma. In the 
other hand, VOCs in ST1 had negative correlation with methyl 
formate (−0.96), (Z)-3-Hexen-1-ol (−0.82), and (E)-2-hexenal 
(-0.92) which described fresh strawberry aroma. In Figure 8(B), 
The VOCs in ST2 had positive correlation during storage period 
were 5-ethyl-3-hydroxy-4-methyl-2(5H)-furanone (0.74) and 
2-ethyl-3-methylpyrazine (0.82) which describe fruity, unripen 
and raw aroma. Meanwhile, methyl butanoate, (Z)-3-Hexen-1-ol, 
and methyl hexanoate had negative correlation at 0.76, -0.63, and 
-0.63 that represented ethereal, leafy, and fruity aroma. Methyl 
hexanoate in ST2 had negative correlation with storage period at 
-0.63. The ST2 also had unique VOCs compared to ST1 that were 
represented by butanoic acid and hexanal with butter, sweaty and 
fatty aroma. Six compounds (Z)-3-hexenal (green), 4-hydroxy-2,5-
dimethyl-3(2H)-furanone (caramel-like, sweet), methyl butanoate 
(fruity), ethyl butanoate (fruity), methyl 2-methylpropanoate 
(fruity), and 2,3-butanedione (buttery) identified as key flavor in 
the strawberry-like odor [55]. 2,5-dimethyl-4-hydroxy-2H-furan-
3-one, (sweet), γ-dodecalactone (sweet), γ-decalactone (sweet), 
δ-decalactone (sweet), hexanoic acid (sour), 2-methylbutanoic 

acid (sour), cis-3-hexenal (green), trans-3-hexenol (green), cis-
2-nonenal (green), trans-nerolidol (sweaty), δ-dodecalactone 
(sweet), vanillin (sweet), linalool (floral and citrus-like), ethyl 
2-methylbutanoate, ethyl 3-methylbutanoate, and ethyl hexanoate 
are considered as main contributors to the aroma of strawberry 
[56].

Principal component analysis (PCA) was used to interpret 
datasets by reducing their dimensionality in a treatable way by 
preserving most of the information from the original data [57]. 
PCA of ST1 was defined by PC1 49.6% and PC2 19.5% and ST2 
by PC1 37% and PC2 23.7%. Variables contribution in PCA of ST1 
were methyl butanoate, ethyl 2-methylbutyrate, linalool, 5-ethyl-
3-hydroxy-4-methyl-2(5H)-furanone, and methyl hexanoate; PCA 
of ST2 were ethyl butyrate, (Z)-3-hexen-1-ol, 5-ethyl-3-hydroxy-4-
methyl-2(5H)-furanone, and triethyl phosphate (Figure 9(A), (B), 
(C) and (D)). In Figure 10(A), It shows the radar graph of VOCs 
intensity changes in ST1 during storage which ethyl butyrate and 
(E)-2-hexenal were the highest among other identified VOCs in the 
sample. E-2-hexen-1-ol, (E)-2-hexenal, and ethyl butyrate were 
the three highest VOCs identified in ST2 during storage (Figure 
10(B)). 

Figure 5: Color values (A) L*, (B) a*, (C) b*, and (D) ∆E of Strawberry during storage at 5 ℃ for 10 days. The data are expressed as mean 
± SD, n = 10; the different letters (a-e) considering at the same conditions represents significant differences at p < 0.05.
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Figure 6: Chromatograms of ST1 during storage during storage at 5 ℃ on day 0, day 4, and day 10.

Figure 7: Chromatograms of ST2 during storage during storage at 5 ℃ on day 0, day 4, and day 10. 

Figure 8: Pearson correlation between VOCs in strawberry (A) ST1 and (B) ST2 during storage for 10 days at 5 ℃. The displayed values 
indicate significant Pearson correlation at p < 0.05.
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Figure 9: PCA-Biplot of identified VOCs (A) ST1 and (B) ST2 and Variables contribution in PCA of (C) ST1 and (D) ST2 in strawberry 
during storage at 5 ℃ for 10 days.

Figure 10: Radar graphs of identified VOCs in strawberry (A) ST1 and (B) ST2 during storage for 10 days at 5 ℃.
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Conclusion

This study generally discussed the changes in quality indexes 
such as moisture content, TSS, WL, pH, TA, TVC, YM, hardness, L*, a*, 
b*, ∆E, and VOCs in Strawberry with different cultivars. The results 
indicate that during storage at 5 ℃ for 10 d. There is no difference 
between quality indexes in Strawberry except the WL and VOCs 
production during storage. The WL of ST1 and ST2 significantly 
increased from 0 to 10 d (p < 0.05). Besides, the VOCs in ST1 
increased during storage, such as 1-Propanol, 2-methyl-, methyl 
hexanoate, and propyl nonanoate. On the other hand, VOCs in ST1 
decreased during storage, such as methyl formate, (Z)-3-Hexen-
1-ol, and (E)-2-hexenal. The VOCs in ST2 increased 5-ethyl-3-
hydroxy-4-methyl-2(5H)-furanone and 2-ethyl-3-methylpyrazine. 
Meanwhile, methyl butanoate, (Z)-3-Hexen-1-ol, and methyl 
hexanoate decreased during storage. This study provided not 
only the essential information for freshness identification but 
also critical points in the shelf-life determination of Strawberry 
during storage. Besides, these VOCs can be used as biomarkers in 
the early detection of undesirable flavor production during the 
storage of Strawberry in the food industry.
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