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Summary: Present investigation reports the fruit quality of five strawberry cultivars (‘Rania’, ‘Winter Dawn’, ‘Winter Star’, ‘Camarose’ and
‘Navelia’) harvested at different stages of color development. These cultivars showed significant variations in their chemical composition. The
highest and significant values of fruit weight, hue angle and total sugars were recorded in ‘Winter Star’ cultivar at full red stage. Total phenolics and
ascorbic acid content were higher in ‘Camarose’ as compared to other cultivars. These parameters and reducing sugar content in strawberry fruits
showed a direct relationship with DPPH radical scavenging activity. ‘Winter Star’ exhibited highest anthocyanin content form 25% red to full ripe
red stage of fruit color development with most intensive color. Total soluble sugars, reducing sugars, pH, ‘Brix values increased from green to full
red stage whereas titratable acidity showed the reverse trend. These cultivars showed significant differences in their physicochemical and
biochemical composition at different stages of ripening in agroclimatic conditions of Punjab area of northwest India.
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Introduction

Strawberry (Fragaria*ananassa) is a flavoured fresh and
processed fruit having vital role in human nutrition nowadays.
It is cultivated worldwide with the production of 8.8 million
tonnes recorded in year 2020 (FAOSTAT 2020). Strawberries
are enriched with excellent dietary sources such as ascorbic
acid, folate, minerals, fibre, and also contain several bioactive
phytochemicals including anthocyanins, flavanols and phenolic
acids (Nunes et al., 2021). Ascorbic acid, polyphenols and
bioactive phytochemicals present in strawberry fruits possess
antioxidant, antiviral, anti-inflammatory, antiaging and
anticarcinogenic properties (Shivavedi et al., 201; Gasparrini et
al., 2017; Gasparrini et al., 2021).

Fruit ripening is a complex process contributed by number
of biochemical and physiological processes due to changes in
gene expression and various enzyme activities (Janurianti et al.,
2021). Strawberry fruit ripening is divided into five different
stages; first stage begins with white fruit; 27, 3/, 4% and 5%
stages are 25, 50, 75 and 100% red fruit, respectively. Fruit
ripening is influenced by hormonal changes, pigment
biosynthesis, sugar and acid metabolism. Therefore, fruit
possesses different nutritional quality at different levels of
ripeness (Nunes et al., 2021). Color, taste and texture of the
fruit are main parameters that influence the acceptability of
fruit (Zeliou et al., 2018). Changes in fruit size, shape, texture,
and pigmentation (green to red) coincide with elevation in
content of soluble solids and the production of natural aroma
and flavour compounds (Abera et al., 2023). Total antioxidant
capacity of strawberry mainly depends on the high vitamin C

and also on the contents of polyphenols, flavonoids and
anthocyanins (Capocasa et al.,, 2008). Anthocyanins,
antioxidant activity, glucose and fructose content increased
with development, while sucrose accumulates by the end of
maturity.

Strawberry production is not developed to its full potential
in Punjab state of northwest India. The fruit is in great demand
in the market as compared to its production. So, it is important
to enhance the domestic production of high yielding strawberry
cultivars with satisfactory fruit quality, that appeals to
consumers. Both sensory and nutritional quality components
are important and can be influenced by cultivars, climate,
stages of maturation or storage methods (Nunes et al., 2021).
The present study has been conducted to determine the fruit
quality of selected strawberry cultivars recommended for
cultivation in this region of India. The study also helps to
identify the cultivar which possess higher antioxidant potential
and best characters for human consumption.

Materials and methods

Plant material

Fresh fruits of five strawberry cultivars (‘Rania’, ‘“Winter
Dawn’, ‘Winter Star’, ‘Camarose’ and ‘Navelia’), grown in
year 2020-21 at the experimental fields of department of Soil,
Water and Engineering, Punjab Agricultural University,
Ludhiana were used in present investigation. The soil type was
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classified as sandy loam, with an average of 140 mm rainfall,
and 6-35°C temperature conditions during the season. Healthy
runners with bare roots were transplanted during mid-October
with spacing of 30 cm x 30 cm on 20 cm raised beds with 80
cm width and silver-black polyethylene mulch (30 p
thickness). Drip irrigation was used to irrigate and fertigate the
fields using the season. Plants were covered with low tunnel
plastic sheets (50 p thickness) from end-December to mid-
February to minimize winter injury. The flowers were tagged
on the day of anthesis, and fruits were harvested at four
different stages viz. white (S1), 50% red (S 2), 75% red (S3)
and full red (S4) color stages (Figure 1). Fruits (500 g) of each
cultivars were taken by random choice; packed in plastic
containers and brought to the laboratory for immediate
analysis. The fruits were mashed in a pestle mortar and
analysed for various physicochemical and nutritional
parameters and antioxidant capacity. Three replicates were
used per analysis. The fruit size was estimated with digital
Vernier’s Calliper, and fruit weight was recorded with
electronic weighing balance.

Rania

Navelia

Figure 1. Fruits of ‘Rania’, ‘Winter Dawn’, ‘Winter Star’, ‘Camrose’ and
‘Navelia’ cultivars harvested at different developmental stages (S1, S2, S3, S4)

Total soluble solids, titratable acidity and fruit color
coordinates

Total soluble solids (TSS), were determined using a digital
refractometer (APAL-1, Model 3810, Japan) and expressed in
°Brix. Titratable acidity (TA) was determined by titration with
0.1 N NaOH (Ranganna, 2007). pH value was noted using a pH
meter (Mettler Toledo, Switzerland). Fruit color coordinates
(L*, a*, b*, C* and h*) were randomly measured on two
opposite sites at fruit equator using Color Flex
Spectrophotometer (Hunter Lab Color Flex, Hunter Associates
Inc., Reston, VA, USA) and expressed in CIE units (Hunter,
1975). L* defines the lightness, and a* and b* define the colour
between red and green, and blue and yellow, respectively.

Total sugars, reducing sugars and ascorbic acid

Fruit pulp was homogenized with 80% ethanol and refluxed
twice for 20 min. Ethanol was evaporated from the
supernatants and 10 ml volume was made by adding distilled
water. This extract was used for the estimation of total sugars
and reducing sugars by the standard procedure mentioned in
Kaur et al. (2018). Ascorbic acid content was estimated by
homogenizing fresh strawberry fruits using 10% tricholoacetic
acid (TCA) and centrifuged to collect the supernatant. To an
aliquot, 1 mL of TCA and Folin Ciocalteau reagent was added
and incubated for 20 min at 37 °C. Absorbance was recorded at
760 nm and expressed as mg ascorbic acid g* fresh weight as
described by Jagota & Dani (1982).

Phenolic constituents, flavonoids, anthocyanins and DPPH
radical activity

Fruit pulp was refluxed with twice with methanol for 1 h.
The filtrates were combined; diluted to known volume and
used for the estimation of phenols and flavanols. For estimation
of total phenols, added 2.5 mL of Folin-Ciocalteu reagent each
to 0.5 mL of diluted extract or standard solutions (gallic acid in
the range of 20-100 pg). The mixture was vortexed followed
by addition of 7.5 mL of 7% Na,COs solution after 5 min. The
contents were diluted to 50 mL with distilled water and further
incubated for 2 h at room temperature. Optical density was
measured at 760 nm (Swain & Hills, 1959) and total phenolics
were expressed as mg gallic acid equivalents g* (fw).

For flavanols, 5 ml of methanolic extract was evaporated
and 0.1 M methanolic aluminium chloride was added to it.
Optical density was measured at 420 nm and contents were
calculated as pg rutin equivalents g'* fw (Nair & Vaidyanathan,
1964).

Strawberry fruit pulp (2 g) was homogenized in 18 mL of
HCI (0.5%, v/v in methanol) and refrigerated for 1 h for
extraction of the anthocyanin pigments. The extracts were
filtered and the absorbance of the clear liquid was measured at
520 nm. The anthocyanin content was calculated by the
formula: Abs 520 x dilution factor x (AxB). Here A = 433.2
(molecular weight of pelargonidin) and B is the molar
extinction coefficient with a value of 2.908 x 10* The results
were expressed as mg pelargonidin 100 g* fruit fresh weight.
For determination of DPPH- radical scavenging capacity, a
known volume of the fruit extract in methanol was mixed with
methanolic DPPH solution (1 mmol/L) and volume was made
to 3 mL with methanol. The mixture was incubated at room
temperature for 15 min in dark. The optical density was
recorded at 517 nm against the blank and Percent DPPH radical
scavenging activity was calculated.

Statistical analysis

The experiment was set up as a complete randomized design
in year 2020 with three replicates; each comprising 50 plants in
each replication. Data were analysed by one-way ANOVA at
the level of 5% significance using CPCS1 software developed
by Punjab Agricultural University, Ludhiana. Experimental
data were presented as mean + SE. Pearson product-moment
correlation coefficient (r) analysis was done to study the
relationship among all parameters in strawberry fruit and
principal component analysis was carried out to examine the
interrelations between different parameters.
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Results
Physiochemical parameters

Fruit weight significantly increased from S1 to S4 stage
except for ‘Navelia’ cultivar where it showed a decline from S3
to S4 (Table 1). Fruit weight also differed significantly among
cultivars. Initially ‘Navelia’ cultivar showed highest fruit
weight when the fruit was white in color and values were
almost double as compared to ‘Rania’, “Winter Dawn’ and
‘Winter Star’ cultivars. Highest increase in fruit weight was
observed in ‘Winter Star’ along with color development with
maximum values at S2 to S4 stages as compared to other
cultivars. The length of strawberry fruits at different color
development stages ranged from 22.17 to 39.59 mm whereas
breadth varied from 17.25 to 34.01 mm (Table 1). Both length
and breadth of fruits varied amongst different stages as well as
cultivars. ‘Camarose’ fruits were smaller in size and had
significantly lower length and breadth values as compared to
other studied cultivars.

Fruit colour parameters also showed significant changes
among different stages and cultivars (Table 2). L™ values
decreased as the strawberry fruits changed colour from white to
red (S1-S4 stage). Among cultivars, minimum L* value (21.45)
was observed in ‘Navelia’ at S4 whereas maximum L* value
(59.90) was observed in ‘Camarose’ at S1. L* value was
maximum in ‘Camarose’ and minimum in ‘Winter Star’ at all
the stages of ripening. ‘Rania’ and ‘Navelia’ cultivars showed
significant decline in L* values throughout the development
period whereas in other cultivars significant drop in L* values
was observed from S1 to S2 only. L* values of white and 50%
red fruit were higher than the L* values of fully red
strawberries due to natural colour development of fruit with
ripening. The b* value decreased, whereas a* value increased
significantly with fruit color development from S1 to S4. a*
value indicates the superficial red colour of strawberry fruit
and increased during fruit development from S1 to S3 and then
declined. Initially, there was a greater increase in a* values in
all the cultivars. Maximum increase in a* value was recorded
in ‘Camarose’ followed by ‘Rania’ cultivar. The chrome* of
strawberries significantly decreased from white (S1) to full red
stage (S4). Highest c* values were observed in ‘Camarose’ at
all the stages of colour development and minimum in ‘Winter
Star’ cultivar. All other cultivars showed the decline in hue
angle from S1 to S3 and then value again increase at full red
colour stage except for ‘Winter Dawn’. The maximum
decrease in hue angle was recorded in ‘Camarose’ from S1 to
S4.

Total soluble solids, acidity and pH

TSS continued to increase during ripening (Figure 2a),
although some non-significant changes were also recorded in
between different stages of color development. Mean TSS
content increased significantly by 1.37-fold with fruit color
development; with values of 10.04 °Brix at S4 in comparison
to 7.32 °Brix at S1. Among cultivars, ‘Camarose’ showed
approximately two-fold increase in °Brix values from S1 to S4
and minimum changes were reported in ‘Winter Star’ as values
changed by 1 °Brix. A decreasing trend was observed in TA
values (%) along with fruit color development (Figure 2b).
Significant variation was observed between S1 and S4 stages
where the values of acidity varied from 14.08% (‘Winter

Dawn’) at S1 to 4.35% (“Winter Star’) at S4. Mean values also
decreased significantly from 8.96% at S1 to 5.63% at S4. pH
plays an important role on sensorial quality of strawberry
fruits. It varied from 3.55 to 4.15 in strawberry cultivars at
white stage (S1) and it increased significantly with the ripening
of strawberry fruits with values in the range of 4.03 to 4.85 at
full red stage (S4) among all the cultivars (Figure 2c).
Maximum value of pH among cultivars was observed in
““Rania’’ (4.85) and minimum was observed in ‘“Winter Star’
(4.03) at full red stage (S4).

Total sugars, reducing sugars and ascorbic acid

Total sugars content increased in all the cultivars from S1
to S4 stage (Figure 3a). ‘Rania’ exhibited highest total sugars
content at S1 stage when the fruits were white in color. The
sugar content varied among cultivars with maximum content in
‘Winter Star’ (96.95 mg g') and minimum content in ‘Winter
Dawn’ (72.84 mg g) at S4 stage. Maximum increase of 2.2
folds in sugars content was observed in ‘Winter Star’ from S1
to S4 stage. Reducing sugars followed the similar trends as
seen in case of total sugars. An increase of 1.5-fold was
observed in the mean value of reducing sugars with color
development where the content was 55.26 mg g* at S4, as
compared to 36.87 mg g* at S1. ‘Navelia’ recorded maximum
RS content at all the stages of fruit ripening and minimum
content was reported in fully red fruits of ‘Rania’ (48.93 mg g)
at S4 (Figure 3b). A minute variation was observed in mean
content of Vitamin C along with color development stages.
‘Camarose’ exhibited highest Vitamin C content from S1 to S3
as compared to other cultivars (Figure 3c). Ascorbic acid
content in ‘Winter Dawn’ and ‘Navelia’ cultivars showed
significant increase between S3 and S4 whereas ‘Camarose’
showed the reverse trend. Maximum content of Vitamin C was
observed in ‘Camarose’ (0.53 mg g*) at S2.

Phenolics, flavanols, anthocyanins and antioxidant activity in
strawberry fruits

Total phenolic content in strawberry fruits ranged from 2.53
to 512 mg g! from S1 to S4 among all the cultivars
(Figure 4a). The phenolic content declined from half red (S2)
to full red (S4) stage in all the cultivars except ‘Winter Dawn’.
‘Camarose’ exhibited highest phenolic content among studied
cultivars at all the stages of color development. The content of
flavanols was significantly higher at S4 than S1 (Figure 4b).
Slight variations were observed among all the cultivars with
respect to flavanol content at all the developmental stages.
Similarly, gradual increase in anthocyanin content attributing
to bright red color observed with the fruit developmental stages
(Figure 4c). There were significant variations in DPPH radical
scavenging activity in fruits of strawberry cultivars at different
stages of fruit color development (Figure 4d). After initial
increase, DPPH radical scavenging activity decreased
drastically at S4 than S1 in all the cultivars except ‘Camarose’
where the activity showed a continuous decline from S1 to S4.
DPPH radical scavenging activity at S1 follow the order as
‘Camarose’ > ‘Navelia’ > ‘Rania’ > ‘Winter Star’ > ‘Winter
Dawn’. Activity was maximum in ‘Navelia’ and minimum in
‘Winter Star’ at full red stage. There was significant
differences in DPPH radical scavenging activity between
studied cultivars at different stages of color development and it
decreased during ripening.
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Table 1. Changes in the fruit weight and size of five strawberry cultivars during color development.
Stages
) S1 S2 S3 sS4
Cultivars
Fruit weight (g)
Rania 474 +0.11 7.85+0.33 10.10£0.19 10.62 £0.24
Winter Dawn 5.55+0.12 6.84 +0.09 11.10 £0.08 11.72 £0.07
Winter Star 5.97+0.10 11.83 £0.26 17.14+£0.10 17.56 £0.05
Camrose 9.05+0.28 10.95+£0.23 11.36 £0.18 13.63 £0.53
Navelia 10.55+0.57 15.67+£0.14 16.38 £1.25 12.04 £0.62
Mean 7.17+0.24 10.63 £0.21 13.22 £0.36 13.11 £ 0.30
Critical difference
(P<0.05) Cultivars (A)= 0.42 Stages (B)= 0.37 AB=0.83
Fruit size (mm)
Rania 30.00 +£1.51* 31.66 +£4.40* 32.19 £2.20% 35.68 £3.40*
2094 +£1.96 25.11 £0.88 27.63 £2.59 27.05+3.47
Winter Dawn 28.41 £2.42%* 30.83 £2.86* 36.20 £ 1.42* 35.70 £3.03*
21.93+1.01 23.35+2.02 27.37+0.61 28.17£2.63
Winter Star 29.78 £1.27* 37.52 £3.34* 39.59 +1.88* 28.01 £2.16*
2330+1.22 27.55+221 34.01 £2.12 24.65+1.42
Camrose 22.17 +£1.89* 26.09 +£1.25* 27.15+£3.15* 25.67 +£3.87*
17.42 +£4.03 20.79 £2.07 19.92 £2.69 17.32+£3.99
Navelia 2927 +£4.27* 3432 +331* 37.31 £5.54* 2793 +6.01*
17.25 +£2.31 21.85+3.06 28.04 £6.06 19.38 £1.97
Mean 27.93 £2.27* 32.08 +3.03* 33.19 +2.84* 30.89 +3.69*
20.17+2.11 23.73 £2.05 26.37 +2.81 23.83 £2.70

Critical difference
(P<0.05)

Length-Cultivars (A)= 4.54 Stages (B)=4.06 AB=9.08
Breadth-Cultivars (A)= 3.18 Stages (B)=2.85 AB=6.36

Correlation studies and principal component analysis of
different cultivars and their quality parameters

The correlation of various biochemical and physiological
parameters of strawberry cultivars was highlighted in the
correlation plot illustrated in Figure 5, which clearly showed
that total sugars, hue angle, pH, fruit size and anthocyanin are
negatively correlated with reducing sugars, vitamin C, DPPH,
phenols, L, a*, b*, c*, flavanols, acidity and TSS. Reducing
sugars showed a strong positive correlation with vitamin C
(r=0.919) and DPPH scavenging activity (r=0.981). Acidity
was inversely correlated to pH and total sugars. L*, a*, b* &
C* values were positively related to each other however, hue
angle showed a negative relation with a*, b* & C* at 5% level
of significance. Anthocyanins showed a negative relation with
vitamin C and DPPH activity at 5% significance and with
reducing sugars at 1% level of significance. Total phenolics
were positively correlated to DPPH scavenging activity, color
parameters, vit ¢ and reducing sugars.

Principal component analysis (PCA) performed on whole
set of average values revealed information on the variables

mainly influencing the physicochemical parameters and
changes during color development in these cultivars. First
principal component (PC1) contributed 43.4% and second
(PC2) 28.3% (Figure 6) which explained 71.7% of the total
variability. PCA reveals interrelation among analysed
parameters; and positioning of analysed strawberry cultivars in
comparison to each other. Fruit weight, total sugars, hue angle,
anthocyanin and pH are grouped together on left side of the
PCA plot while reducing sugars, vitamin C, DPPH, phenols,
L*, a*, b*, c*, flavanols, acidity, pH and TSS on the right side
of the PCA plot. The parameters in PC1 and PC2 are related to
each other in that component. TSS and reducing sugars are
related as their contents increase with ripening of fruit. A
hierarchical clustering analysis according to Euclidean
distances, based on fruit composition variations among
different cultivars of strawberry, is presented in Figure 7.
Clusters indicate fruit traits that co-varied under a given
condition and highlight the differences in various parameters
among different cultivars.
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Table 2. Changes in the fruit color parameters of five strawberry cultivars during development.

Stages
Cultivars S1 S2 S3 S4
L*

Rania 43.95+6.43 31.05 +0.49 29.55+0.07 2240 £ 141
Winter Dawn 44.95+6.58 26.50 £ 2.40 29.60 +2.69 26.55+0.21
Winter Star 34.60 + 3.54 2420 +3.96 23.90 £ 1.70 2230 +£4.24
Camrose 59.90 +0.42 4320 +3.54 30.60 +0.28 29.85 £ 0.07
Navelia 42.00 +4.95 33.00 + 7.64 2825 +3.61 2145 +3.61
Mean 45.08 £4.38 31.59 £3.61 28.38 £ 1.67 2451191
oco oty e Cultivars (A)=3.95 Stages (B)= 3.53 AB=7.90

o
Rania -4.20 +6.08 17.05£4.17 17.55+2.62 11.45+1.06
Winter Dawn -335+0.21 12.85 +3.32 17.80 £2.12 17.20 £ 0.85
Winter Star -5.10£2.26 16.45+021 13.051.77 520+5.52
Camrose -6.35+0.35 2430£1.70 2545 +191 2175 £3.18
Navelia -390 +0.28 8.00 = 10.61 17.30 +0.99 6.90+1.70
Mean -4.58 +1.84 15.73 + 4.00 18.23 + 1.88 12.50 +2.46
oco oty e Cultivars (A)=2.76 Stages (B)= 2.47 AB= 5.52

.
Rania 27.80 +3.25 15.15+0.78 12.15 4332 10.25 = 0.49
Winter Dawn 26.45 + 3.04 16.65 % 1.77 14.75 £ 191 11.65 £ 1.06
Winter Star 2350 +0.42 12.40 + 4.38 9.90 +0.57 7.55£2.19
Camrose 32.80 +2.83 2440 £0.57 15.10£0.14 13.90 3.1
Navelia 2375 +2.05 19.60 438 1625+3.18 9.55+0.21
Mean 26.86 +2.32 17.64 +2.38 13.63 + 1.82 10.58 + 1.41
(giig_%as') differenc Cultivars (A)= 2.58 Stages (B)= 2.31 AB=5.16

o
Rania 2839 +4.08 22.86 +3.63 2136 +4.04 1539 £ 0.46
Winter Dawn 26.66 + 3.04 21.06 +3.43 23124285 2078 +1.30
Winter Star 24.10£0.07 20.74+2.79 16.42 % 1.06 9.50+4.76
Camrose 33.41 +2.84 34.45 £0.80 29.60 +1.71 25.82 £ 436
Navelia 24.07 £2.07 22.67+0.05 23.83 £ 145 11.82£1.16
Mean 2733242 2436 +2.14 22.87+2.22 16.67 +2.41
(C;féfgg;jiﬁerence Cultivars (A)= 2.86 Stages (B)= 2.56 AB=5.73

Hue angle

Rania 10277 £4.24 42.06 +5.56 3437 +3.40 41.89 +£4.01
Winter Dawn 9724 +0.37 52.69 +4.28 39.63 +0.29 3408+ 111
Winter Star 102,24 +5.47 41374235 37364532 6639 +16.10
Camrose 100.97 +0.33 45.15+2.66 3073 + 1.65 3241 +2.04
Navelia 99.33+0.13 77.76 £ 15.52 42.99 +7.23 5445 +6.10
Mean 100.51 £2.11 51.81 +6.14 37.02+£3.58 45.84 £5.87

Critical difference
(P<0.05)

Cultivars (A)=6.31 Stages (B)=5.64 AB=12.62
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Figure 2. Changes in (a) total soluble solids, (b) pH and (c) titratable acidity of strawberry fruits during development.
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Figure 3. Changes in (a) total sugars, (b) reducing sugars and (c) vitamin C contents of strawberry fruits during development.
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Figure 4. Changes in (a) total phenolics, (b) flavanols, (c) anthocyanins and (d) DPPH scavenging activity of strawberry
fruits during development.
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Discussion

Strawberry fruit has an initial phase of growth and
enlargement followed by a maturation phase and fruits become
softer, redder and sweeter during fruit ripening process. The
fruit growth curve is either single sigmoid as a function of time
or biphasic, depending upon the genotype (Miura et al., 1990).
Most of the receptacle growth is attributed to the cortex and
pith cells, where cortex is considered as the primary contributor
to the fruit size. Cell division mainly occurs before anthesis
and is responsible for only 15-20% of the total growth. The rest
of fruit growth occurs due to cell enlargement (Moore et al.,
1970). Kim et al (2013) observed the fresh weights of
strawberry fruits in the range of 8.7 to 11.7 g at the white stage
and values further increased with fruit ripening. Fruit ripening
from white to red color stages takes 5-10 days under field
conditions and it depends on air temperature. Strawberries
progress from the half red to the three-quarters red stage within
2-3 days on the plant (Ménager et al., 2004). The change in
colour of fruits is considered as one of the most common
harvesting indices as loss of green colour in fruits has been
noticed usually when they start ripening. This is due to
breakdown of chlorophyll molecules that in turn, is mediated
through chlorophyllase enzyme. Changes in pH is due to
oxidative stress, leakage of organic acids from vacuoles and
synthesis of secondary metabolites such as carotenoids,
anthocyanins and other pigments which suppress the
expression of chlorophyll pigment (Wills et al., 1998). The
enzyme  chlorophyllase  hydrolyses  chlorophyll into
chlorophyllide and phytol, followed by substitution of
hydrogen atom in place of Mg atom which results in the
formation of brown coloured pheophorbide (YYamauchi, 2015).
The changes in fruit colour with onset of ripening also indicate
the biosynthesis and accumulation of numerous pigments such
as B-carotene, anthocyanins - light red to blue (in strawberry),
lycopene, xanthophylls and violaxanthin (Gundewadi et al.,
2018). Kim et al. (2018) reported significant difference in the
fruit colour parameters were among cultivars at different fruit
development stages. Similar observations of L* have been
made by earlier authors also Kim et al. (2013), Hwang et al.
(2019), Parra-Palma et al. (2020). The increase in b* values of
strawberry fruits decreased with a rapid rise in a* values along
with fruit development might be due to change of strawberry
fruit colour from green to red along with maturity (Ménager et
al., 2004). Hue angle decreased from white to one-half red fruit
and then remains steady as the fruit ripening progresses further.
The chroma* of the strawberries increased from the color break
to the three-quarters colored stage and then decrease or hold
steady through the final red color stage during development in
the field (Ihl et al., 1999; Ménager et al., 2004).

The major soluble constituents of strawberry fruits indicate
the presence of soluble sugars, vitamins, amino acids while TA
represent organic acids (Liu et al., 2016). TSS, TA and ratio of
TSS/ITA are important factors for evaluating fruit quality. In
the present study, TSS tended to increase along with ripening.
However, the TA of white, 50% red and 75% strawberry fruits
expressed as malic acid equivalents tended to decline with fruit
ripening. Fruits harvested at 75% red and full red stages did not
show significant changes in TA as they ripened. Number of
authors have reported similar changes in TSS for many
strawberry cultivars during ripening and values were in the
range of 4.8-10.9% (Ménager et al., 2004; Ornelas-Paz et al.,
2013; Nunes et al., 2021). The highest increase in TSS in
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‘Camarose’ cultivar corresponded to maximum increase in RS
content in these fruits (Figure 2). It has been reported that TSS
of fruits harvested at different stages of colour development
increased which might be due to accumulation of total sugars
and reducing sugars on solubilization of cell wall
hemicelluloses and polyuronides (Huber, 1984; Wang et al.,
2013). TA content in different cultivars varied with ‘Winter
Dawn’ having highest TA values at different stages of fruit
ripening. The decrease in TA during different stages might be
due to low ascorbic acid content in fruits as ascorbic acid
content decreased from S1 to S2 in ‘Rania’ and then values
remain almost same from S2 to S4. Fruits of ‘Rania’ and
‘Navelia’ cultivars showed same TA at S3 and S4. Nunes et al.
(2006) reported similar findings that three-quarter, and full red
coloured ‘Oso Grande’ and ‘Sweet Charly’ strawberries
showed similar TA. The decline in acidity content during
ripening might also be attributed to increase in the membrane
permeability which allows acids to be stored in the respiring
cells resulting in the formation of respective acids salts coupled
with a drop in the amount of organic acid translocated from the
leaves (Moing et al., 2001). Saridas et al. (2022) also reported
that TSS and TA values vary according to the cultivar’s
response to environmental conditions during maturation and
ripening. The sweetness of strawberry fruits depends upon
TSS/TA ratio that increased during the ripening process as
reported in earlier studies (Ornelas-Paz et al., 2013; Nunes et
al., 2021). At ripened stage, TSS/TA ratios of 7.73, 7.28, 6.85,
6.36, 5.39, and 5.35 were measured for the strawberry cultivars
‘Camino Real’, ‘Tudla’, ‘Sweet Charlie’, ‘Dover’, ‘Aromas’,
and ‘Camarosa’ respectively. Cultivar ‘Tochiotome’ presented
highest TSS/TA ratio and ‘Sachinoka’ exhibited the lowest
ratio for TSS/TA. The low TSS/TA ratio might be due to
higher temperature sensitivity increasing the fruit respiratory
rate leading to lower TSS and high TA values (Liu et al.,
2016). The changes in pH in strawberry fruits are in
accordance with earlier studies by Capacasa et al. (2008) and
Nunes et al. (2021). Strawberry is a naturally acidic fruit with
pH<6 due to presence of malic, citric and quinic acids, the
composition of these may vary according to cultivar type (Liu
et al., 2016). Strawberries with pH>3 are sensorially better
accepted due to low acidity (Oliveira et al., 2015). Sugars act
as precursors of flavor compounds and also used as an energy
source in the ripening process. Based upon the type of fruit and
place of its ripening (on/off the plant), their inner sugar levels
tend to raise with ripening because of either import of sugars
from the parent plant or starch mobilization within the fruits.
Aksic et al. (2019) reported that glucose (41%), fructose (41%)
and sucrose (17%) account for approximately 99% of the total
sugars and their contents vary at the commercial stage in
strawberry fruits. Gundewadi et al. (2018) observed a gradual
increase in the ascorbic acid content along with fruit growth.
However, the amounts decreased as the fruit attained maturity
and started ripening. The initial increase in the vitamin C
content during fruit ripening could be due to increased
synthesis of some metabolites that promote synthesis of
vitamin C precursors. The reduction in vitamin C content at
later stages of fruit maturity and ripening might be due to its
oxidation to dehydroascorbic acid (Wills et al., 2007). The
ascorbic acid content reported in present studies is in
accordance with the previous studies (Del Pozo-Insfran et al.,
2006; Bordonaba & Terry, 2010) who also recorded 0.6 mg/g
vitamin C on average in strawberry fruits. Moing et al. (2001)
reported that the ascorbic acid content ranges from 0.3 to

1.2mg/g? fw in strawberry & hence, it makes an important
contribution to the fruit nutritional value.

Strawberries possess large number of bioactive compounds
such as anthocyanins, flavanols, flavan-3-ols and phenolic
acids (Jaiswal, 2020). The composition of phenols and
flavanols is the major contributing factor towards the quality
and flavour characteristics of fruits and vegetables. A gradual
change occurs in some secondary metabolites along with
maturity due to commencement of phenolic pathways
(Ghasemzadeh & Ghasemzadeh, 2011). Numerous authors
have reported non-uniform values of phenolic content in
strawberry cultivars because of their dependence on climatic
conditions, cultivation system, cultivars and harvest time
(Ariza et al., 2015; Giindiiz & Ozdemir, 2014). Antioxidant
capacity of many berries including strawberry, determined in
terms of DPPH is attributed mainly to vitamin C and phenolic
compounds. Several authors have reported increase in the
anthocyanin content with strawberry fruit ripening in the field
from full size ‘White turning red’ to full-size ‘three-quarters
red stage’ (Voca et al., 2014; Sirijan et al., 2020; Janurianti et
al., 2021). Kim et al. (2013) observed anthocyanin contents <
2.3 mg 100g* fw at green and white stages in strawberry
cultivars and values increased by approximately 16.7 to 26.4
folds at red stage than the early fruit developmental stages.
Total soluble phenolics decreased from the color break stage to
the three-quarters colored stage during ripening in the field
and increased at the final ripening (Figure 4). A significant
increase was recorded in the total anthocyanins content of
strawberries ripened in the field regardless of the initial color
stage (Figure 4) while the chlorophyll content declines.
Cyanidin-3-glucoside and pelargonidin-3-glucoside contributed
to the red and orange-brown color, respectively in strawberries
and their contents increased significantly from the color break
to the final red color stage in fruit ripened in the field (Saridas
et al., 2021). Tulipani et al. (2008) reported the decline in
DPPH radical scavenging activity was primarily due to
decrease in ellagitannins and proanthocyanidin-like tannins.
Kafkas et al. (2007) did not observe statistical correlation
between TSS & total sugars in ripening strawberries from
several cultivars. A strong correlation between total phenolics
and antioxidant activity of strawberry fruits has been reported
(Shin et al., 2008; Kim & Shin, 2015). Roussos et al. (2009)
also observed a strong correlation mainly with total phenolics
or Vit C content and antioxidant activity of strawberry fruit
extracts. Earlier studies also reported a linear correlation of
antioxidant capacity with the phenolics content (r=0.942) and
ascorbic acid concentration (r=0.950) but not with
anthocyanins (Ferreyra et al., 2007; Oszmianski & Wojdylo,
2009). Anthocyanins pigments contribute to typical colour of
strawberry fruit, however, the colour of anthocyanins depends
on the hydroxylation pattern of their B-ring. Cerezo et al.
(2010) mentioned that the degree of antioxidant activity is
determined by the sugar substituent and levels of antioxidant
activity were higher in mono-glucoside anthocyanin than
rutinoside at neutral pH and depends on the relative abundance
of the compounds. A correlation in DPPH, vitamin C, reducing
sugars and phenolics in PC2 indicated that antioxidant activity
of fruit was due to these parameters and these observations are
in accordance to earlier studies reported by Minutti-Lopez
Sierra et al. (2019). These factors indicated that strawberry
cultivar ‘Camarose’ with higher L~and c* value can be more
attractive on the market for consumers.
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Conclusions

Strawberry cultivars differ in their physicochemical and
biochemical composition in agroclimatic conditions of Punjab
area of northwest India. Highest total phenolics were in
‘Camarose’ cultivar at S3 stage and antioxidant activity at S1
stage. Anthocyanins were maximum at full red stage in all the
cultivars as compared to other stages except ‘Navelia’. TSS
and reducing sugars were also highest in all the studied
cultivars at full red stage with maximum TSS in Winter star
and reducing sugars in ‘Navelia’ cultivar. Vitamin C was
maximum in ‘Camarose’ from green to 75% red stage among
all cultivars. Titratable acidity was highest in ‘Winter dawn’ at
all the stages whereas pH showed maximum values in ‘Rania’
cultivar. More detailed studies of phenolics and anthocyanin
profiling during ripening of cultivars and their relation to color
and flavour needs to be carried out to study the fruit quality and
which can be further used to strengthen the strawberry
breeding program.
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