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Abstract: Black raspberries (Rubus sp.) are abundantly grown and distributed widely in temperate
regions of Pakistan which shows rich plant diversity of fruit species. In this study wildly grown black
raspberry fruits were harvested from Rawalakot at three different maturity stages and investigated for
physical, biochemical and antioxidant properties. Random samples of wild black raspberry fruits from
each maturity stage [turning (75% red, 25% green), full red (100% red), black (100% black)] were
stored at room temperature (22 + 2 °C, 46% RH) for maximum 7 days and analysed on alternate days.
Results showed that fruit weight, total soluble solids, pH, vitamin C, total flavonoids, total phenols,
total antioxidants and total anthocyanins increased whereas fruit firmness and titratable acidity levels
decreased as maturity progressed from turning to black stage. During shelf life period, total soluble
solids and pH increased, while fruit weight, firmness, total anthocyanins, total flavonoids and total
phenols significantly decreased with shelf life period. Moreover, titratable acidity and vitamin C
decreased by advancement in shelf life period. It is advisable that wild black raspberry fruits should
be harvested at black stage if used for immediate consumption. However, raspberries can be harvested
at full red stage to extend storage period without compromising on fruit quality.
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1. Introduction

Fruit maturity at harvest time is one of the critical factors that determine fruit quality and
postharvest behaviour [1,2]. Moreover, for sustainable production of new fruits, harvest at proper
maturity could be helpful to avoid fruit losses and wastes. Further, it is also closely related to retailers
and consumers preferences [3]. Harvesting immature or overripe fruit leads to quick physiological
deterioration during storage and results in lower quality and poor market value [4]. Therefore, fruits
must be harvested at proper stage that ensures their optimal organoleptic quality together with the
maximum shelf-life [5,6].

Quality characteristics of berry fruits include moisture content, flavour, intactness, colour and
nutrients profile [7]. During berry development, fruit passes through internal and external
modifications in chemical composition, texture, colour and taste [8], which depends on development
stages and agronomic practices used to grow fruit plants [9]. Due to structural instability and
incomplete development, pre-mature fruits are susceptible to physical injuries, moisture losses and
poor development of flavour at ripe stage. If harvested at overripe stage, fruit immediately turns soft
and develops bad flavour [4]. Similar situation happens with black raspberry fruits as well, which not
only affects the fruit quality but also reduces the profit margins of producer.

Postharvest behaviour of Cape gooseberries was found to be strongly linked with maturity stage.
Berries harvested at third maturity stage (100% orange fruit with 100% yellow calyx) showed better
postharvest behaviour as compared to earlier harvests [10]. However, for immediate consumption,
consumers were advised to harvest fruits at fourth maturity stage (100% orange fruit with dry and
brown calyx).

Meeting nutritional demands from native fruits, vegetables and crop plants is becoming critical,
especially for countries with rapidly increasing populations like Pakistan [11,12]. The increase in
prices of conventional fruit crops in the most of developing countries has led to exploration of new
fruit species, locally available under wild conditions [13].

Black raspberries (Rubus sp.) belong to the Rosaceae family and contain valuable amounts of
amino acids, proteins, carbohydrates, dietary fibre, minerals and antioxidants [14]. In particular,
raspberries are rich in vary nutritional compounds including vitamins and polyphenolics which
contribute to the antioxidant properties of these fruit [15,16]. Black raspberries are consumed both,
fresh and processed in many cooked dishes and baked products like desserts, snacks, jams and
jellies [17].

Sustainable fruit production is gaining much importance in recent years. However, for successful
and sustainable fruit production, the most important key principles include the utilization of natural
resources and exploring the biological diversity [18,19]. Moreover, it has also been noticed during past
few years that consumers demand has increased for locally grown fruits and vegetables [20,21]. In
this context, locally grown and traditional varieties have the potential to be exploited for their
nutritional values and sustainable production under natural climatic conditions. In fact, they possess
many qualities such as taste, colour and size due to which they are gaining importance for developing
new varieties in future [21-23].

Black raspberry plants grow naturally and are frequently found under wild conditions in
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Rawalakot, Azad Jammu and Kashmir, Pakistan. Even though there is a huge problem of fruit
harvesting as black raspberry fruits are grown as a forest fruit and often found in inaccessible areas.
Fresh fruits are commonly consumed by local people in this area. The solution to this problem is the
domestication and establishment of fruit orchards of this species. Despite the interest of this fruit due
to its nutritional quality, research regarding the most appropriate maturity stage for harvesting is
necessary for sustainable production of black raspberries in Pakistan. Therefore, the aim of this study
was to identify the most suitable maturity stage for harvesting wild black raspberries in order to obtain
the best physico-chemical and nutritional quality together with an extended shelf-life.

2. Materials and methods
2.1. Plant material and treatments

Black raspberry fruit were harvested in August, 2022 from plants naturally grown in Rawalakot,
Azad Jammu and Kashmir (Latitude: 33—36°N, Longitude: 73—75°E, Altitude: 1,638 m above sea level)
and transported to the University of Poonch Rawalakot for further analysis. Fruit were harvested (1000
g for each maturity stage) at the turning (75% red, 25% green), full red (100% red) and black (100%
black) stages using naked eyes (Figure S1). An initial sorting was performed to select non-damaged
and free from decay symptoms fruit. The raspberries were analysed immediately after harvest (D1),
and at 3 (D3), 5 (D5) and 7 (D7) days after shelf life period. All the fruits were packed in Styrofoam
boxes and stored at room temperature (22 + 2 °C, 46% RH).

2.2. Physical properties

Fruit diameter (cm) for each maturity group was measured on 10 fruits per replication using a
Vernier calliper (Mitutoyo, Japan) and fruit weight (g) was determined on 30 fruits per replication by
using a digital scale (GF-6100, A&D Co. Ltd., Japan).

Firmness was measured on 10 fruits per replication using a hedonic scale from 0 to 9 (0 = very
soft; 9 = very hard). Chroma meter (CR-400, Konica Minolta, Japan) was used for L* [white 100-
black 0], a* [green (-60) — red (+60)] and b* [blue (-60) — yellow (+60)] colour coordinates
determination (30 fruits per replication).

2.3. Biochemical properties

Total soluble solids (TSS) content and titratable acidity (TA) were determined on fruit extract,
following the AOAC [24] methods. TSS was measured with a hand refractometer (Kyoto Company,
Japan) and expressed in percentage. Titratable acidity was determined through titration method. Briefly,
the filtrate (5 mL) with 2-3 drops of 0.1% phenolphthalein solution as an indicator was titrated using
0.1 N NaOH to an end point pink (pH 8.1). The results were expressed as the percentage of malic acid
per 100 mL fruit juice. pH was determined on fruit juice using a pH meter (Model: WTW 82362 Inolab,
Germany).

Dye used to determine vitamin C was 2, 6-dichlorophenol indophenols. Fruit juice (5 mL) plus
4% Meta phosphoric acid (5 mL) was mixed and the solution was titrated by using dye until the
persistent of light pink colour. The results were expressed as mg per 100 mL fruit juice [24].
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2.4. Antioxidant properties

Total flavonoids were measured according to the method described by Magbool et al. [25] and
the results were expressed as mmol quercetin 100 g! FW. Total phenols were measured using
spectrophotometer (Model: UV 4000, O.R.1., Reinbeker, Hamburg, Germany). Mixture was prepared
using 10% Folin-Ciocalteau’s Reagent (2.5 mL), 7.5% sodium carbonate solution (2.0 mL) and
aqueous extract (0.5 mL). This mixture was incubated at 45 °C for 40 minutes and the absorbance was
measured at 765 nm in the spectrophotometer. Obtained results were presented as pug of gallic acid
100 g~! FW. Total antioxidants were determined by using the procedure of Benzie and Strain [26].
Spectrophotometer was used to check absorbance at 593 nm, while results obtained were presented as
antioxidants concentration having ferric reducing activity which was equivalent to 1 mg FeSO4 g ' FW.

Total anthocyanins were measured using spectrophotometer method of pH dilution [27].
Spectrophotometer at 510 nm and 700 nm was used for measuring absorbance of each dilution, while
distilled water was used to fill blank cell. Anthocyanin pigments as mg of cyaniding-3-glucoside
100 g ' FW were measured using 29,600 as an extinction coefficient and 449.2 as a molecular weight.

2.5. Sensory properties

A sensory evaluation was carried out by a 10-member panel that was trained to become familiar
with the characteristics of the fruits. The panellists evaluated the fruit samples using a hedonic
scale [28]. According to their preferences, the panellists were asked to score the fruit samples on a 0—
10 points hedonic scale taking into account taste, texture, flavour and acceptability. Each member of
the panel evaluated three samples harvested at the three different maturity stages (turning, full red and
black stage) (50 fruits per replication).

2.6. Statistical analysis

The factorial experiment was arranged as in a completely randomized design with three
replications. The two factors were: maturity stages on the basis of fruit colour (3 levels: turning, red
and black) and shelf life period (4 levels: day 1, 3, 5 and 7). Analysis of variance was carried out using
Statistix 8.1 software. To compare the differences of means, least significance difference (LSD) test
was used at 0.05 level of significance [29].

3. Results and discussion
3.1. Physical properties

Fruits harvested at black stage recorded maximum fruit diameter (1.07 cm), followed by fruits at
red stage (0.81 cm), while minimum fruit diameter was observed in fruits at turning stage (0.66 cm)
(Table 1). Increase in diameter of fruit was observed with advancement of maturity (P < 0.05). Snajder
and Duralija [30] studied various pomological characteristics of blackberry fruits harvested at different
maturity stages. They reported that harvest time had great impact on those characteristics. Higher
values of length, width and weight were recorded in blackberry fruits after first harvest time while the
value of total soluble solids was higher in fruits picked in the third harvest time. Similarly, increase in
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fruit size with advancement in maturity stage was also reported in Andean blackberries by Horvitz et
al. [31].

Maximum value of fruit colour L * was recorded in fruits harvested at turning stage (39.47) which
was followed by fruits at full red stage (37.31), while minimum value of fruit colour L* was observed
in fruits at black stage (28.56). Results regarding a * value of black raspberry fruits showed maximum
a* value at turning stage (16.94) which was followed by fruits at red stage (15.58) whereas minimum
value was recorded in fruits at black stage (1.08). Similarly, »* value of black raspberry fruits showed
maximum value of fruits harvested at turning stage (12.82) which was followed by fruits harvested at
red stage (8.15) whereas minimum b * value was observed in fruits at black stage (1.22) (Table 1).

Table 1. Fruit diameter and peel colour of wild black raspberry (Rubus sp.) fruits harvested
at different maturity stages. Means with different letters are significantly different
according to LSD test at 0.05 level of significance, +SEM (n = 3).

Maturity stages Fruit diameter Fruit peel colour

(cm) L* value a* value b* value
Turning stage 0.66+0.01 c 39.47£0.56 a 16.94+0.05 a 12.82+0.45 a
Full red stage 0.81+0.01 b 37.31+#0.32a 15.58+0.08 a 8.15+£0.13 b
Black stage 1.07£0.01 a 28.56+0.30 b  1.08+0.00 b 1.224+0.04 ¢

Black raspberry fruits showed highest fruit weight at black stage (11.47 g) followed by fruits
harvested at red stage (5.31 g), while the lowest fruit weight value was recorded in fruits at turning
stage (5.30 g) (Figure 1a). During shelf life, black raspberries harvested in all maturity stages exhibited
loss of fresh weight significantly (P < 0.05) but the highest loss in fresh weight was noted in raspberries
harvested at black maturity stage. Highest fresh weight was measured at D1 (11.66 g) which decreased
as the shelf life period prolonged, while the lowest fresh weight was measured at D7 (3.94 g) during
shelf life period. Weight of black raspberry was lower at early mature stage and increased significantly
towards late maturity. Loss in fruit weight appeared to be attributed to difference in maturity [32],
while during shelf life period, fruit weight decreased gradually. Samaniego et al. [33] also reported
increase in weight of black raspberries as fruits matured and decreased during shelf life period.

Black raspberry fruit firmness was the highest in fruits harvested at turning stage (7.91) followed
by fruits at red stage (5.66) whereas lowest firmness was recorded in fruits harvested at black stage
(3.25) (Figure 1b). Fruit firmness gradually decreased during shelf life period in fruits at any maturity
stage (P < 0.05) and the rate of decrease was almost similar among all maturity stages. Results
regarding shelf life period showed maximum fruit firmness at D1 (7.11 score) followed by firmness at
D3 (6.0 score), while minimum firmness was observed at D7 (4.0 score). Decrease in firmness may be
due to loss in weight, higher metabolic activity and loss in membrane permeability. Fruit firmness
decreased as maturity progressed which could be due to the higher concentration of protopectin which
are responsible for consistency and strength of cell wall tissues [34]. This phenomenon can also be
linked with increase in weight loss, as this process also leads to higher cell and tissue breakdown and
consequently accelerating the process of aging which includes the loss of firmness [1]. In this regard,
many researchers have previously reported a similar phenomenon in which weight loss and loss in
firmness were correlated [1,5,35,36].
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Figure 1. Effect of fruit maturity and shelf life period on a) fruit weight and b) fruit
firmness of wild black raspberry (Rubus sp.) fruits. Vertical bars indicate average +
standard error (n = 3).

3.2. Biochemical properties

Total soluble solids content in raspberry harvested at black stage was the highest (12.94%),
followed by fruits harvested at red stage (3.38%) whereas the lowest total soluble solids were recorded
in fruits harvested at turning stage (2.69%) (Figure 2a). Raspberries at either maturity stages exhibited
slight but statistically significant increase in total soluble solids (P < 0.05). Rate of increase in total
soluble solids in raspberries harvested at black stage was higher than those harvested at turning and
full red maturity stages. During shelf life period, maximum value was recorded at D7 (7.80%), while
minimum value was observed at D1 (4.56%). This increase in total soluble solids during maturity
stages and shelf life period is a marked characteristic in black raspberry. It is a fact that mature fruits
have accumulated high amount of total soluble solids which results in increase in sensory
characteristics and nutritional value. Sequentially, early stages of maturity of fruits showed lower
enzymatic and metabolic activities and low amount of soluble sugars accumulation which is due to
low production of ethylene [37]. In support of this argument, a study conducted by Lopez et al. [10]
found a similar trend in Cape gooseberries, where higher increase in total soluble solids in ripe fruits
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was observed as compared to fruits harvested at earlier stage of maturity. Horvitz et al. [1] also found
similar results when they harvested Andean blackberries (Rubus glaucus Benth) at two maturity stages
and stored them at room temperature (18 & 2 °C) and cold storage (8 + 1 °C) conditions. It was obvious
in that study that more mature fruits showed lower values of acidity and higher values of total soluble
solids, total anthocyanins and sensory scores as compared to the fruits harvested earlier.

18 7 a) 1.4 -
i a
16 }} L a 12
wu. . - YO
S : S .
S nl . . _ = 10
3 .< —e—Turning £
s 101 k @ FullRed 5 087 .
2 8 - —A - 2L ] . C
§ & -Black § 0.6 i
2 8] S o4l ¢ a4 :
T 4 Y T O Qi *
A 0.2 A S
4 . N e
0 - 0.0 - A
71 7 187 9
L a
6 2 16 - ;'“'L. . .
2 14 A =4d-. 1
5 1 : b
30124 me..., b
4 = i TIN : b
§ 10 4 c . e n
S 3 - 2 81 eV ¢
S
2 b A
] E .
b s 24
>
O T T T 1 O T T T
1 3 5 7 1 3 5 7
Shelf life period (days) Shelf life period (days)

Figure 2. Effect of fruit maturity and shelf life period on a) total soluble solids, b) titratable
acidity, ¢) pH and d) vitamin C in wild black raspberry (Rubus sp.) fruits. Vertical bars
indicate average + standard error (n = 3).

Titratable acidity in black raspberry fruits was the highest in fruits harvested at turning stage
(1.01%) followed by fruits harvested at red stage (0.70%) whereas the lowest titratable acidity was
determined in fruits harvested at black stage (0.23%) (Figure 2b). Titratable acidity gradually declined
in raspberries harvested at any maturity stage during shelf life period. Rate of decrease was slowest in
raspberries at turning stage whereas raspberries harvested at full red stage exhibited fastest decline. In
contrast, raspberries harvested at black stage exhibited decline in titratable acidity during later stage of
shelf life period. During storage, maximum value was observed at D1 (0.81%), which was followed
by D3 (0.77%), while minimum value was observed at D7 (0.42%). Titratable acidity levels decreased
with advancement in fruit maturity as the organic acids are converted into sugars [38]. Fruit, during
early stage of development, have higher amount of organic acids which are available for respiration
during long-term storage [38].

Black raspberry fruits harvested at black stage had highest pH (5.35) whereas minimum pH value
was observed in black raspberry fruits harvested at turning stage (4.05) (Figure 2¢). During storage,
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fruit pH increased with advancement in storage period. Maximum pH was recorded at D7 (5.21), while
minimum pH value was observed at D1 (3.64). Observed increase in fruit pH potentially can be
attributed to increase in total soluble solids and decrease in titratable acidity levels. The decrease in
acidity can be attributed to the use of organic acids as respiratory substrates [38]. Tosun et al. [39] also
reported increase in blackberry pH with progression in maturity. Similarly, Frangoso et al. [40]
reported that pH and acidity of strawberries were significantly affected only by storage time, when
treated with different doses of Co-60 gamma irradiation and stored at 4 °C for 29 days. They observed
a significant increase in pH and a decrease in acidity.

Raspberries harvested at black stage exhibited the highest level of vitamin C (14.77 mg 100 mL™!
fruit juice) whereas raspberries harvested at turning stage had the least concentration of vitamin C
(7.50 mg 100 mL™! fruit juice) (Figure 2d). Ascorbic acid in raspberries harvested at any maturity
stages showed gradual decline during shelf life period. Overall, maximum concentration of vitamin C
was recorded at D1 (12.14 mg 100 mL ! fruit juice) which decreased with increase in shelf life period
and minimum vitamin C concentration in black raspberry fruits was observed at D7 (9.97 mg 100 mL !
fruit juice). Besides many other essential nutrients which human body require but cannot synthesize,
includes vitamins and the most important among them is vitamin C which not only strengthens the
immune system but also acts as antioxidant and protects against cardiovascular diseases [41]. Vitamin
C is considered the most prone to loss and changes to a less active form during storage at any
temperature [42]. Similar decreasing trend in vitamin C concentration in different fruits was reported
during storage by Abeysuriya et al. [43].

3.3. Antioxidant properties

Maximum concentration of total flavonoids was observed in fruits harvested at black stage (15.35
mmol quercetin 100 g~! FW), while total flavonoids concentration was minimum in fruits harvested at
turning stage (7.81 mmol quercetin 100 g FW) (Figure 3a). Moreover, total flavonoids in black
raspberry gradually decreased during shelf life period, from D1 (12.41 mmol quercetin 100 g FW) to
D7 (10.81 mmol quercetin 100 g'' FW). Similar trends were reported in Ivorian Gnagnan berries by
Dri et al. [44] who found increase in flavonoids as ripening progressed but also reported gradual
decrease in flavonoids during storage. This decrease in flavonoids could be ascribed to high respiration
rate and tissue degradation [45].

Total phenols concentration in black raspberry fruits significantly differed at different harvesting
stages (P < 0.05), and was maximum in fruits harvested at black stage (4.96 ug of gallic acid 100 g
FW), while minimum in fruits at turning stage (1.45 pg of gallic acid 100 g ' FW) (Figure 3b). During
storage, a decreasing trend was observed in total phenols as the maximum value were recorded at D1
(3.63 g of gallic acid 100 g'! FW), and minimum value was observed at D7 (2.73 g of gallic acid
100 g ! FW).

Raspberries are considered rich fruits in terms of their chemical composition as they possess a
variety of vitamins, minerals and polyphenols [16]. Polyphenols are responsible for sensory and
nutritional attributes in plants. As they are present in significant quantities in plant based food products,
therefore, it has been reported in many studies that their continuous consumption has reduced the risk
of many serious human diseases [46,47]. These results were supported by previous findings of Dri et
al. [44] who also observed decreasing trend in total phenols during storage. This decreasing trend in
total phenols could be the result of breakdown of acids, decreasing level of ascorbic acid and formation
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of glucose and fructose [48]. Another study [49] found that concentrations of total phenols, flavonoids,
anthocyanins and antioxidants of five strawberry cultivars varied significantly depending on cultivar
and harvest time. In case of phenolics, the highest quantity was recorded in strawberry cultivars at
early harvest time while the lowest quantity of total anthocyanins was reported at the third harvest time.
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Figure 3. Effect of fruit maturity and shelf life period on a) total flavonoids (mmol
quercetin 100 ¢! FW) and b) total phenols (ug of gallic acid 100 g~' FW) in wild black
raspberry (Rubus sp.) fruits. Vertical bars indicate average + standard error (n = 3).

Results regarding antioxidant activity of black raspberry showed that maximum value was
observed in fruits which were harvested at black stage (14.27 mg FeSO4 100 g-' FW), while minimum
value was recorded in fruits at turning stage (7.74 mg FeSO4 100 g-! FW) (Figure 4a). Similar findings
were shared by Wang and Lim [50] who observed increase in antioxidants with maturity. Results
regarding storage showed that maximum antioxidant activity was recorded at D1 (11.63 mg FeSO4 100
g FW), while minimum antioxidant activity was observed at D7 (9.89 mg FeSO4 100 g-! FW). Fawole
and Opara [51] also reported decreasing trend in antioxidant activity of pomegranates during storage.
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Figure 4. Effect of fruit maturity and shelf life period on a) total antioxidants (mg FeSOa4
100 g ' FW) and b) total anthocyanins (mg of cyaniding-3-glucoside 100 g~! FW) in wild
black raspberry (Rubus sp.) fruits. Vertical bars indicate average + standard error (n = 3).

Anthocyanins are naturally produced bioactive compounds which are abundantly found in fruits
and vegetables and are considered beneficial for human health. These days, they are considered
effective against the most common human diseases which include cardiovascular and cancer [52-55].
Maximum total anthocyanins were determined in fruits harvested at black stage (8.50 mg of cyaniding-
3-glucoside 100 g' FW), while least amount of anthocyanins was recorded in fruits harvested at
turning stage (3.22 mg of cyaniding-3-glucoside 100 g"! FW) (Figure 4b). In a previous study by Wang
and Lim [50], it was found that total anthocyanins increased as the maturity progressed. Storage study
revealed maximum total anthocyanins at D1 (6.42 mg of cyaniding-3-glucoside 100 g! FW), while
minimum value was observed at D7 (5.25 mg of cyaniding-3-glucoside 100 g~' FW). Similar trends
in total anthocyanins were obtained by Fawole and Opara [51] when they stored pomegranates which
were harvested at five different maturity stages.
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3.4. Sensory properties

Sensory evaluation of black raspberry gave maximum taste score to fruits harvested at black stage
and at D1 (9.00), which decreased with the passage of time during storage and after 7 days of shelf life
it reached to a minimum level (2.33). While in case of fruits harvested at turning stage (6.67) and full
red stage (8.00), fruits attained good taste scores after 7 days of storage, respectively. Similar, results
were observed for texture, flavour and overall acceptability of black raspberry fruits harvested at
different stages of maturity and a shelf life period of 7 days (Figure 5).
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Figure 5. Effect of fruit maturity and shelf life period on sensory properties (score) of wild
black raspberry (Rubus sp.) fruits. Vertical bars indicate average + standard error (n = 3).

4. Conclusions

This study concludes that as the maturity progressed from turning to black stage, fruit size, fruit
weight, total soluble solids, pH, vitamin C, total soluble solids, total flavonoids, total phenols, total
antioxidants and total anthocyanins increased. During shelf life period, total soluble solids and pH
increased, however, with increase in storage time fruit weight and firmness, total anthocyanins,
flavonoids and phenols decreased. It could be recommended that wild black raspberry fruits should be
harvested at black maturity stage for fresh consumption and at full red stage for longer storage and
extended transportation. For sustainable production on commercial scale, further studies are needed
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on growth and yield of wild growing black raspberries.
Author contributions

Sana Hayyat: Conceptualization, Data curation, Formal analysis, Methodology, Writing — original
draft; Mehdi Magbool: Conceptualization, Funding acquisition, Investigation, Methodology, Project
administration, Supervision, Writing — review & editing; Abdul Hamid: Funding acquisition, Project
administration, Muhammad Shehzad: Data curation, Formal analysis, Supervision; Raheel Anwar:
Formal analysis, Validation, Writing — original draft; Sandra Horvitz: Formal analysis, Validation,
Writing — original draft; Noosheen Zahid: Conceptualization, Data curation, Formal analysis;
Muhammad Azam Khan: Resources, Visualization, Writing — review & editing. All authors have read
and agreed to the published version of the manuscript.

Use of Generative-Al tools declaration

The authors declare that they have not used artificial intelligence tools in the creation of this
article.

Acknowledgments

Authors would like to thank the USDA-Endowment Fund Secretariat (EFS), University of
Agriculture, Faisalabad, Pakistan for providing financial assistance under R&D Project # RD041/21.

Conflict of interest

The authors state that they have no known competing financial interests or personal relationships
that could have appeared to influence the work reported in this paper.

References

1. Horvitz S, Chanaguano D, Arozarena I (2017) Andean blackberries (Rubus glaucus Benth)
quality as affected by harvest maturity and storage conditions. Sci Hortic 226: 293-301.
https://doi.org/10.1016/j.scienta.2017.09.002

2. Igbal M, Naqvi SA, Khan IA, et al. (2020) Effect of solar drying techniques on biochemical
characteristics of Dhakki dates. J Environ Agric Sci 22: 26-32.

3. Akhtar I, Rab A (2020) Effect of harvesting stages and perforated packages on the quality and
storage life of strawberry fruit. J  Animal Plant Sci  30:  1052-1057.
https://doi.org/10.36899/JAPS.2020.4.0120

4. Kader AA (2002) Postharvest technology of horticultural crops, 3 Eds., California: ANR
Publications.

5. Balaguera-Lopez HE, Herrera-Arévalo A (2012) Determining optimal harvest point for champa
(Campomanesia lineatifolia R. & P.) fruit based on skin color. Ing Invest 32: 88-93.

AIMS Agriculture and Food Volume 10, Issue 1, 1-16.



13

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Soledad MCR, Guacaneme CMB, Moreno GAL, et al. (2012) Behavior of Agraz fruit (Vaccinium
meridionale Swartz) harvested in different maturity stages and stored under refrigeration. Rev Fac
Nac Agron Medellin 65: 6615—6625.

Kafkas EY (2021) Comparison of fruit quality characteristics of berries. Agric Sci 12: 907-915.
https://doi.org/10.4236/as.2021.128058

Paul V, Pandey R (2014) Role of internal atmosphere on fruit ripening and storability-a review. J
Food Sci Technol 51: 1223—1250. https://doi.org/10.1007/s13197-011-0583-x

Funt RC, Hall HK (2013) Growth and development. Raspberries 3: 21-31.
https://doi.org/10.1079/9781845937911.0021

Balaguera-Lopez HE, Martinez-Cardenas CA, Herrera-Arévalo A (2016) Effect of the maturity
stage on the postharvest behavior of cape gooseberry (Physalis peruviana L.) fruits stored at room
temperature. Bioagro 28: 117-124.

Garrity DP, Akinnifesi FK, Ajayi OC, et al. (2010) Evergreen Agriculture: a robust approach to
sustainable food security in Africa. Food Sec 2: 197-214. https://doi.org/10.1007/s12571-010-
0070-7

Shiferaw B, Prasanna BM, Hellin J, et al. (2011) Crops that feed the world. Past successes and
future challenges to the role played by maize in global food security. Food Sec 3: 307-327.
https://doi.org/10.1007/s12571-011-0140-5

Ahmed M, Anjum MA, Khagan K, et al. (2014) Biodiversity in morphological and physico-
chemical characteristics of wild raspberry (Rubus idaeus L.) germplasm collected from temperate
region of Azad Jammu & Kashmir (Pakistan). Acta Sci Pol Hortorum Cultus 13: 117-134.
Michael D, Bassil NV, Lewers KS, et al. (2012) Genetic diversity in wild and cultivated black
raspberry (Rubus occidentalis L.) evaluated by simple sequence repeat markers. Genet Resour
Crop Evol 59: 1849-1865. https://doi.org/10.1007/s10722-012-9808-8

Pantelidis GE, Vasilakakis M, Manganaris GA, et al. (2007) Antioxidant capacity, phenol,
anthocyanin and ascorbic acid contents in raspberries, blackberries, red currants, gooseberries and
cornelian cherries. Food Chem 102: 777-783. https://doi.org/10.1016/j.foodchem.2006.06.021
Bandi¢ LM, Jeni¢ M, Duralija B (2020) Bioactive compounds in the fruit, leaves and seeds of
raspberry (Rubus idaeus L.). Glasnik Zastite Bilja 43: 50-55.
https://doi.org/10.3390/foods11101455

Haq ZUM, Riaz M, De-Feo V, et al. (2014) Rubus fruticosus L: constituents, biological activities
and health related uses. Molecules 19: 1029-1099. https://doi.org/10.3390/molecules190810998
Wu L, Yan X, Huang J, et al. (2024) Towards sustainable fruit production: Identifying challenges
and optimization strategies. Agric Syst 221: 104132. https://doi.org/10.1016/j.agsy.2024.104132
Ja¢imovi¢ V, Bozovi¢ D, Ercisli S, (2020) Sustainable Cornelian cherry production in Montenegro:
Importance of local genetic resources. Sustainability 12: 8651.
https://doi.org/10.3390/su12208651

Ozkan G, Ercisli S, Zeb A, et al. (2019) Some morphological and biochemical characteristics of
wild grown Caucasian Whortleberry (Vaccinium arctostaphylos L.) genotypes from Northeastern
Turkey. NBHA-CN 47: 378-383. https://doi.org/10.15835/nbha4 7111288

Gecer MK, Kan T, Gundogdu M, et al. (2020) Physicochemical characteristics of wild and
cultivated apricots (Prunus armeniaca L.) from Aras valley in Turkey. Genet Resour Crop Evol
67: 935-945. https://doi.org/10.1007/s10722-020-00893-9

AIMS Agriculture and Food Volume 10, Issue 1, 1-16.



14

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Ercisli S, Ipek A, Barut E (2011) SSR marker-based DNA fingerprinting and cultivar
identification = of  olives (Olea  europaea).  Biochem  Genet 49:  555-561.
https://doi.org/10.1007/s10528-011-9430-z

Eyduran SP, Ercisli S, Akin M, et al (2015) Organic acids, sugars, vitamin C, antioxidant capacity,
and phenolic compounds in fruits of white (Morus alba L.) and black (Morus nigra L.) mulberry
genotypes. J Appl Bot Food Qual 88: 134—138. https://doi.org/10.5073/JABFQ.2015.088.019
AOAC (1990) Official method of analysis. The Association of Official Analytical Chemistry
Washington 14" Ed. Arlington, 1: 88-91.

Magbool M, Zahid N, Hamid A, et al (2019) Evaluation of physico-nutritional and functional
properties of indigenous pear cultivars grown in Rawalakot, Azad Jammu and Kashmir. Pak J
Agric Sci 56: 607-611. https://doi.org/10.21162/PAKJAS/19.7366

Benzie IFF, Strain JJ (1996) The ferric reducing ability of plasma as a measure of antioxidant
power the FRAP assay. Anal Biochem 239: 70-76. https://doi.org/10.1006/abi0.1996.0292
Zheng Y, Wang YS, Zheng W, et al (2007) Changes in strawberry phenolics, anthocyanins and
antioxidant capacity in response to high oxygen treatments. Food Sci Technol 40: 49-57.
https://doi.org/10.1016/5.1wt.2005.08.013

Beckley JH, Moskowitz HR, Resurreccion AV (2006) Sensory and consumer research in food
product design and development, Blackwell Publishing, https://doi.org/10.1002/9780470277706
Steel RGD, Torrie JH, Dickey DA (1997) Principles and procedures of Statistic: A biometrical
approach, 3 Eds., Boston: McGraw-Hill Publishing Co.

Snajder 1, Duralija B (2012) Pomological characteristics of fruits of blackberry (Rubus spp.)
varieties Dirksen Thornless and Thornfree in ecological conditions Pozega Valley. Proceedings of
the 47th Croatian and 7th Int Symp Agric, 803—806.

Horvitz S, Chanaguano D, Dugarte NY (2019) Postharvest quality of a thorny Andean blackberry
(Rubus glaucus Benth) cultivar. Acta Hortic 1256: 47-52.
https://doi.org/10.17660/ActaHortic.2019.1256.7

Carvalho CP, Betancur JA (2015) Quality characterization of Andean blackberry fruits (Rubus
glaucus Benth.) in different maturity stages in Antioquia, Colombia. Agron Col 33: 74-83.
Samaniego I, Brito B, Viera W, et al (2020) Influence of the maturity stage on the phytochemical
composition and the antioxidant activity of four Andean blackberry cultivars (Rubus
glaucus Benth) from Ecuador. Plants 9: 1027. https://doi.org/10.3390/plants9081027

Hernandez MS, Martinez O, Fernandez-Trujillo JP (2007) Behavior of arazéd (Eugenia stipitata
Mc Vaugh) fruit quality traits during growth, development and ripening. Sci Hortic 111: 220-227.
https://doi.org/10.1016/j.scienta.2006.10.029

Shackel KA, Greve C, Labavitch JM, et al (1991) Cell turgor changes associated with ripening in
tomato pericarp tissue. Plant Physiol 97: 814—816. https://doi.org/10.1104/pp.97.2.814

Vicente AR, Saladié M, Rose JKC, et al (2007) The linkage between cell wall metabolism and
fruit softening: Looking to the future. J Sci Food Agric 87: 1435-1448.
https://doi.org/10.1002/jsfa.2837

Contreras C, Hermosilla A, Contreras E, et al (2021) Postharvest physiology and storage potential
of new Chilean raspberry cultivars. Chil J Agric Res 81: 161-171. http://doi.org/10.4067/S0718-
58392021000200161

AIMS Agriculture and Food Volume 10, Issue 1, 1-16.



15

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Wang SY, Chen CT, Wang CY (2009) The influence of light and maturity on fruit quality and
flavonoid content of red raspberries. Food Chem 112: 676—684.
https://doi.org/10.1016/j.foodchem.2008.06.032

Tosun I, Ustun NS, Tekguler B (2008) Physical and chemical changes during ripening of
blackberry fruits. Agric Sci 65: 87-90. https://doi.org/10.1590/S0103-90162008000100012
Francoso ILT, Couto MAL, Canniatti-Brazaca SG, et al (2008) Physical-chemical alterations in
irradiated and stored strawberries (Fragaria anassa Duch.). Food Sci Technol 28: 614—619.
https://doi.org/10.1590/S0101-20612008000300017

Szczepaniak OM, Kobus—Cisowska J, Kusek W, et al (2019) Functional properties of cornelian
cherry (Cornus mas L.): A comprehensive review. Eur Food Res Technol 245: 2071-2087.
https://doi.org/10.1007/s00217-019-03313-0

Zee JA, Carmichael L, Codere D, et al (1991) Effect of storage conditions on the stability of
vitamin C in various fruits and vegetables produced and consumed in Quebec. J Food Compos
Anal 4: 77-86. https://doi.org/10.1016/0889-1575(91)90050-G

Abeysuriya HI, Bulugahapitiya VP, Jayatissa LP (2024) Variation of vitamin C content and
antioxidant capacities during the post-harvest storage of fresh fruits under different temperatures.
J Stored Prod Res 109: 102426. https://doi.org/10.1016/j.jspr.2024.102426

N’Dri D, Calani L, Mazzeo T, et al (2010) Effects of different maturity stages on antioxidant
content of Ivorian Gnagnan (Solanum indicum L.) berries. Molecules 15: 7125-7138.
https://doi.org/10.3390/molecules15107125

Jaakola L (2013) New insights into the regulation of anthocyanin biosynthesis in fruits. Trends
Plant Sci 18: 477-483. https://doi.org/10.1016/j.tplants.2013.06.003

Ramos S (2008) Cancer chemoprevention and chemotherapy: Dietary polyphenols and signalling
pathways. Mol Nutr Food Res 52: 507-526. https://doi.org/10.1002/mnfr.200700326

Mehta RG, Murillo G, Naithani R, et al (2010) Cancer chemoprevention by natural products: How
far have we come? Pharm Res 27: 950-961. https://doi.org/10.1007/s11095-010-0085-y

Deng M, Deng Y, Dong L, et al (2018) Effect of storage conditions on phenolic profiles and
antioxidant activity of litchi pericarp. Molecules 23: 2276-2288.
https://doi.org/10.3390/molecules23092276

Voca S, Dragovic-Uzelac V, Druzic J, et al (2010) Changes in antioxidative components in fruit
of five strawberry cultivars during three harvest times. /falian J Food Sci 22: 408—415.

Wang SY, Lim HS (2000) Antioxidant activity in fruits and leaves of blackberry, raspberry, and
strawberry varies with cultivar and developmental stage. J Agric Food Chem 48: 140-146.
https://doi.org/10.1021/;f9908345

Fawole OA, Opara UL (2013) Changes in physical properties, chemical and elemental
composition and antioxidant capacity of pomegranate (cv. Ruby) fruit at five maturity stages. Sci
Hortic 150: 37-46. https://doi.org/10.1016/j.scienta.2012.10.026

de Pascual-Teresa S, Sanchez-Ballesta MT (2008) Anthocyanins: from plant to health. Phytochem
Rev 7: 281-299. https://doi.org/10.1007/s11101-007-9074-0

Cuji¢ N, Kundakovié¢ T, Savikin K (2013) Anthocyanins — chemistry and biological activity. Lek
Sirov 33: 19-37.

Aprea E, Biasioli F, Gasperi F (2015) Volatile compounds of raspberry fruit: From analytical
methods to biological role and sensory impact. Molecules 20: 2445-2474.
https://doi.org/10.3390/molecules20022445

AIMS Agriculture and Food Volume 10, Issue 1, 1-16.



16

55. Dinda B, Kyriakopoulos AM, Dinda S, et al (2016) Cornus mas L. (Cornelian cherry), an
important European and Asian traditional food and medicine: Etnomedicine, phytochemistry and
pharmacology for its commercial utilization in drug industry. J Ethopharmacol 193: 670—690.
https://doi.org/10.1016/;.jep.2016.09.042

. © 2025 the Author(s), licensee AIMS Press. This is an open access
ATMS ATMS Press article distributed under the terms of the Creative Commons
= Attribution License (http://creativecommons.org/licenses/by/4.0)

AIMS Agriculture and Food Volume 10, Issue 1, 1-16.



