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Abstract: The introduction of new varieties in fruit production should consider consumer attitudes regarding
the appearance and taste of the fruits. In order to evaluate the consumer attitudes in Serbia and Bosnia & Her-
zegovina (B&H), on the most important characteristics of cherry fruits, an online survey was conducted with
402 respondents. Participation in the survey was taken by 53.23% of respondents from Serbia and 46.77% from
B&H, most of which were women (54.23%). Consumers expressed their views on the most important external (fruit
colour, fruit shape, fruit size, presence of a stalk on the fruit, length of the stalk and the presence of damage to the
fruit) and internal (fruit taste, fruit firmness) characteristics of the fruit. According to the results, the attitude
toward the fruit size, the presence of a stalk and the stalk length, as well as fruit firmness was dependent upon
respondents’ residence. Both male and female respondents had similar attitudes toward the cherry characteris-
tics except for the fruit taste and the most important cherry characteristics. The age of a respondent influenced

the attitude toward the fruit size and the presence of a stalk, as well as the fruit firmness.
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The global demand for sweet cherries has grown
rapidly in recent years. Retailers and consumers
have welcomed the longer availability of sweet
cherries that is now possible with the newer varie-
ties. New varieties ripen over a long, time interval
of almost 40 days. At the same time, varietal spe-
cifics and modern technologies have also enabled
a longer storage period and efficient transport
to distant markets. While growers have ready ac-
cess to a large number of varieties, they still seek
new varieties to offer superior tasting and appear-
ing fruit to the customers, as well as to meet grower
issues that include cold hardiness, extended storage
quality and preferred harvest dates. Like most fresh

products, it is predominantly the “market” rather
than “grower” requirements that drive the com-
mercial selection with growers primarily adhering
to the market requirements before outlining their
own requirements (Revell 2008). The market re-
quirements influencing commercial variety selec-
tion include the season (availability), fruit size, fruit
colour and fruit firmness. The grower must sat-
isty the above market requirements before taking
their own requirements of precocity, productivity,
susceptibility to pest and disease and susceptibil-
ity to rain-induced cracking into account (Dodd,
Bower 2014). Today, hundreds of sweet cherry
cultivars are available for growers. A large diver-
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sity of landraces is preserved and many have been
used for production at a local level or used in mod-
ern breeding programmes more recently (Quero-
Garcia et al. 2017). The main quality traits evalu-
ated by sweet cherry breeders are the fruit size,
fruit firmness, skin and flesh colour, sugar content
and flavour. Many other morphological and bio-
chemical traits can be evaluated in more advanced
stages of the selection process, and can be related
to the skin, flesh, juice, pit or stalk. Tremendous
progress has been achieved in many breeding pro-
grammes in terms of the fruit size and firmness
with cultivars that can regularly produce very firm
fruit of more than 12 g. Growers must make very
site-specific evaluations and address a wide range
of factors. Probably one factor that growers have
not addressed sufficiently in the past is market ac-
ceptance. Most consumers prefer large, flavourful,
sweet, firm cherries (Long et al. 2021). Fruit prop-
erties that may be standardised are mostly based on
measurable characteristics, such as the size, shape,
and the presence and size of external damage.
However, a product is also defined by character-
istics which are assessed by subjective evaluation
(colour and its presence, internal attributes) which
cannot be determined by any standardised proce-
dure although an association can be established
with a level of acceptability to consumers (Crisosto
1995). Many studies have confirmed correlations
between the physicochemical properties of sweet
cherries (weight, appearance of skin and stem, sol-
uble solids content (SSC), titratable acidity (TA),
SSC/TA ratio, firmness) and cherry fruit accept-
ability by taste panellists and consumers (Dever
et al. 1996; Kappel et al. 1996; Cristoso et al. 2003;
Kahlke et al. 2009). Consumers are willing to pay
high prices for cultivars with desirable character-
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istics. (Zheng et al. 2016). Apart from the variety
and the region of cultivation (Asanica et al. 2020;
Bujdoso et al. 2020), the harvest period, which af-
fects the manifestation of the varietal characteris-
tics, has a significant role in the consumers’ choice.
(Long et al. 2007; Chauvin et al. 2009) There are
a range of available consumer tests and a range
of scales, which can be used when undertaking
a consumer test, but the most appropriate tech-
nique, like a sensory test, is determined by the type
of product being assessed and the objective of the
assessment. The objective of those tests is not just
to determine the consumer’s preference and ac-
ceptability, but to determine what key factor drives
their preference and acceptability. To understand
this, some descriptive analysis of cherries, com-
bined with preference and acceptability data, is re-
quired and this can be achieved using preference
mapping (Revell 2009). The main objective of the
research is to examine the consumers’ attitudes
in Bosnia & Herzegovina and Serbia toward the im-
portance of certain cherry characteristics in the se-
lection and purchasing of a variety.

MATERIAL AND METHODS

Testing consumer attitudes toward the most im-
portant cherry characteristics (Table 1) in choosing
a variety was performed by using an online survey
created during the project COST Action FA1104
“Sustainable production of high-quality cherries
for the European market” The most important cat-
egories of the fruit characteristics in the question-
naire were described based on the International
Union for the Protection of New Varieties of Plants
(UPOV), Sweet Cherry Guidelines for conduct-

Table 1. Sweet cherry characteristics evaluated by consumers during the research

Characteristics

Modality

Fruit colour

Fruit shape

Fruit size

Presence of stalk

Stalk length preference
Fruit firmness

Fruit taste

Presence of damage

yellow, yellow with supplemantary shade, orange-red, light red, red, dark red, mahogany

and blackish

cordate, reniform, oblate, circular, eliptic
very small, small, medium, large, very large
stalk absent, stalk present
not so important, very short, short, medium, long, very long
soft, medium, firm, very firm
very sweet, sweet, medium, acid, very acid

defects not acceptable, 5% defects are acceptable, 10% defects are acceptable, 15% defects are
acceptable, more than 15% defects are acceptable
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ing tests for distinctness, uniformity and stability
(TG/357/7, Geneva, 2006).

In order for the respondents to focus only on
the importance of the colour, a template was created
with uniform characteristics of the fruit shape and
size, whereby the only variety is determined by the
fruit colour (Figure 1).

To determine the fruit shape, a template was cre-
ated (Figure 2), in which the fruit size and colour were
the same, while the respondents were offered the five
most common shapes of cherry cultivars (heart-
shaped, reniform, oval, round and elliptical).

Cultivars are also classified into five categories ac-
cording to their size: very small (< 19.0 mm), small
(19.0-21.4 mm), medium (21.5-25.4 mm), large
(25.5-29.8 mm) and very large (> 29.8). The ques-
tionnaire schematically shows the relationship
between the stated fruit sizes. The respondents
answered two questions on the importance of the
presence of the stalk on the fruit. The first question
referred to the general importance of the presence
or absence of the stalk, while the second question
referred to the importance of the length of the fruit
stalk (not so important, very short, short, medium
length, long, and very long). The fruit taste was rat-
ed as very sweet, sweet, medium-sweet, sour and
very sour, while the firmness of the fruit was rated
as soft, medium-firm, firm and very firm. The re-
spondents also answered the question regarding
the presence of damage to the fruit (damage is
not acceptable, 5% of damage is acceptable, 10%

(A) (B) (®) (D)

of damage is acceptable, 15% of damage is accept-
able and more than 15% of damage is acceptable).
In addition to different modalities within the in-
dividual characteristics, consumers had an option
to choose the most important characteristic when
purchasing a cherry. In order to evaluate the con-
sumers’ attitudes in Bosna and Herzehovina (B&H)
and Serbia on the most important characteristics
of cherry fruits, an online survey was conducted
with 402 respondents. The distribution of the re-
spondents’ characteristics was analysed. The three
major characteristics that were used were the re-
spondents’ state of origin (Bosnia & Herzegovina or
Serbia), gender (male or female) and age (group A
from 15 to 19 years old, group B from 20 to 29 years
old, group C from 30 to 39 years old, group D from
40 to 49 years old, group E from 50 to 59 years old
and group F from 60 to 64 years old). There were
slightly more respondents from Serbia (53.23%),
while females (54.23%) were more represented.
The largest number of respondents (55.97%) be-
longed to group B, followed by (18.66%) group C
and group D (14.43%), while group A consisted
of 5.72% of the respondents, while the represen-
tation of the older population in groups E and F
was almost equal (2.99% and 2.24%). The distri-
bution of the respondents’ answers to the survey
regarding different cherry fruit characteristics
was analysed. The results of the analysis of these
distributions were graphically represented by a pie
chart, with all the values enumerated as percent-

(E) (F) (G) (H)

Figure 1. Fruit skin colours most common for the cherry cultivars, based on which the survey respondents indicated

their purchasing preferences (fruit shape and fruit size were the same)

(A) — yellow; (B) — yellow with supplementary shade; (C) — orange red; (D) — light red; (E) - red; (F) — dark; (G) — mahogany;

(H) - blackish

(A) /

(B)/ (©) / (D)/ (E) /

|

Figure 2. Main cherry cultivars fruit shapes
[ based on which the respondents made their
purchasing preferences (fruit colour and fruit
size were the same)

(A) — cordate; (B) — reniform; (C) — oblate;
(D) — circular; (E) — eliptic
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ages, representing the share of the respondents
with a specific attribute or a share of the specific
respondents’ answers toward the different cherry
fruit characteristics. The Chi-Square Test of Con-
tingency was performed in order to evaluate the in-
fluence of the respondents’ residence, gender and
age to the different cherry fruit characteristics.
The values of the Chi Square Test Statistics as well
as their statistical significance were set at a P < 0.05
and P < 0.01 probability level.

RESULTS

Almost the same number of respondents prefer
red (31.34%) and dark red (31.09%) as the most de-

Yellow

Dark red

W Brownred M Blackish
31.09%

Yellow with blush B Orange red
W Lightred M Red

e

64%

31.34%
Figure 3. Respondents’ attitude toward the fruit colour

M Very small (< 19 mm)
M Medium (21.4-25.4 mm)
M Very large (> 29.8 mm)

45.27%

M Small (19-21.4 mm)
Large (25.4-29.8 mm)

43.28%
Figure 5. Respondents’ attitude toward the fruit size
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sirable cherry fruit colour (Figure 3). Lighter shades
of the fruit skin, as well as too dark are significant
for a smaller number of respondents (0.50-6.22%).
A reniform fruit shape (Figure 4) is the most desir-
able fruit shape for the largest number of respondents
(54.98%), followed by a circular fruit shape which is
the most desirable for 20.40% of the respondents. Al-
though, in recent years, more and more work has been
performed to create varieties and production meth-
ods for obtaining very large fruits (> 30 mm), the re-
search showed that large (45.27%) and medium-sized
fruits (43.28%) are almost the same, by percentage,
as the most acceptable for the respondents (Figure 5).
It is interesting to point out the fact that the respon-
dents are ready to buy fruits that have minor dam-
age on them (Figure 6). This data should be taken

B Cordate M Reniform H Oblate i Circular B Eliptic

20.40%

12.19%

54.98%
Figure 4. Respondents’ attitude toward the fruit shape

M 5% defects are acceptable
15% defects are acceptable

4.23%
/ 0.75%

31.34%

M Defects not acceptable
1 10% defects are acceptable

M More than 15% defects are acceptable
12.19%

51.49%

Figure 6. Respondents’ attitude toward fruit defects
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with reservations since the survey does not specify
the type of damage in question, but it is indicative
from the point of view of the product quality that the
average consumer demands from the market.

When it comes to the presence of a stalk on
the fruit (Figure 7), it is important, for most respon-
dents, that the fruit comes with a stalk (83.58%),
although the length of the stalk is not a character-
istic of importance when choosing a variety (Fig-
ure 8). As much as 42.54% of the respondents do
not attach any importance to this attribute, while
for those whom it represents a significant charac-
teristic, 41.54% prefer a stalk of medium length.
The respondents prefer sweet (55.47%) and medi-
um-sweet fruits (27.36%), while sour as well as too

I Stalk absent [ Stalk present

16.42%

83.58%

Figure 7. Respondents’ attitude toward the presence

of a stalk

B Very sweet M Sweet M Medium

7 Acid M Very acid
27.36%

0.50%

12.19%

55.47%

Figure 9. Respondents’ attitude toward the fruit taste

sweet fruits are of interest to only a small number
of respondents (Figure 9). Medium-firm fruits
(47.51%) as well as firm fruits (43.28%) are the most
desirable for the respondents (Figure 10).

When choosing cherries (Figure 11), the most
important characteristic for the respondents is
the fruit taste (53.73%). The colour (15.42%) and
fruit firmness (13.18%) are approximately impor-
tant. Fruits without the presence of damage are
the most important characteristic for 10.45% of the
respondents.

In order to assess the relationship between
the respondents’ residence, gender and age to dif-
ferent cherry characteristics, the Chi-Square Test
of Contingency was performed (Table 2).

M Not so important M Very short I Short
1 Medium M Long M Very long
42.54%

41.54%
Figure 8. Respondents’ attitude toward the length of the

stalk

M Soft MW Medium ® Firm [ Very firm
6.97% 2.24%

Figure 10. Respondents’ attitude toward the fruit firmness
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M Fruit colour
Fruit size
W Fruit taste

W Absence of fruit defects
10.45%

M Fruit shape
Presence of stalk
M Fruit firmness

15.42%

13.18%

53.73%

Figure 11. Respondents’ attitude toward the most impor-
tant characteristic when choosing a cherry variety

According to the results, the respondents’ resi-
dence influenced the attitude toward the fruit
size, the presence of a stalk and the stalk length
(P = 0.05), as well as the fruit firmness (P > 0.01).
When it comes to fruit size, 50.00% of respond-
ents from B&H answered that they prefer a large
fruit size, while 49.07% of the respondents from
Serbia answered they prefer a medium fruit size.
The presence of astalk was a avourable trait
for 87.77% of the respondents from B&H, mostly
demanding a medium stalk size and 79.91% of the
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respondents from Serbia, who mostly answered
that, if a stalk is a present, its size is not so impor-
tant. When it comes to the fruit firmness, a firm
cherry fruit was required by most of the respond-
ents from B&H (49.47%) and a medium firm cher-
ry fruit was required by most of the respondents
from Serbia (56.07%). Both male and female re-
spondents had a similar attitude toward the cherry
characteristics except for the fruit taste (P > 0.01)
and the most important cherry characteristics
(P = 0.01). Male respondents prefer sweet cherry
varieties (49.18%), and though the distribution
of answers in the female respondents was generally
the same, female respondents noticeably preferred
a sweet cherry fruit (26.29%) in comparison to me-
dium sweet fruits (21.66%). Although the fruit
taste was claimed to be the most important cherry
characteristics both in the male (51.09%) and fe-
male (56.48%) respondents, the male respondents
emphasised the fruit colour (17.39%) and the fe-
male respondents emphasised the fruit firmness
(14.35 %) as the second most important cherry
characteristic. The age of a respondent influenced
the attitude toward the fruit size and the presence
of a stalk (P > 0.05), as well as the fruit firmness
(P = 0.01). Younger respondents mostly answered
that they prefer a medium fruit size and older re-
spondents preferred a large fruit size. The presence
of a stalk was a noticeably important trait for all
age groups except for the respondents from 15-
19 years old (50% of them answered that they pre-
fer when the stalk is absent). A medium firm fruit

Table 2. The Chi-Square test of Contingency for the respondents’ attitude toward the cherry fruit characteristics

regarding their state of residence (Bosnia & Herzegovina or Serbia), gender (Male or Female) and age

Residence Gender Age

Cherry fruit . . .

characteristics Chi square test P value Chi square test P value Chi square test P value

statistics statistics statistics

Fruit colour 6.145 5™ 0.407 1 8.082 6™ 0.2321 29.571 9™ 0.4877
Fruit shape 6.847 3" 0.144 2 0.721 2" 0.948 7 29.298 0™ 0.0821
Fruit size 8.226 5 0.0416 1.921 5™ 0.588 9 25.295 5 0.0461
Presence of stalk 4.505 0" 0.033 8 2.815 5™ 0.093 4 13.1331° 0.022 2
Stalk length if present 8.116 8" 0.043 7 6.618 5™ 0.085 1 23.3666" 0.076 7
Fruit taste 0.756 5™ 0.859 8 13.273 6" 0.004 1 13.118 9™ 0.593 1
Fruit firmness 17.041 9" 0.000 7 6.748 2™ 0.080 4 35.254 3" 0.002 3
Fruit defects 0.249 8™ 0.969 2 1.071 6™ 0.7839 11.049 8™ 0.749 1
The most important 2.605 6™ 0.760 5 19.288 9" 0.0017 24.797 2" 04738

characteristic

ns — statistically not significant; *statistically significant at P < 0.05; **statistically significant at P < 0.01
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was an important cherry characteristic for most
of the younger respondents, while most of the older
respondents answered that they like firm fruits.

DISCUSSION

Sweet cherries have increased in popularity over
the past decade because of their reported health
benefits for consumers and the relatively high
price premiums that suppliers can charge (Kahlke
et al. 2009). A significant number of different com-
ponents were found in cherries and associated with
the consumers’ preference. Cherries have a rela-
tively short fresh market season due to the high
fruit perishability (Dever et al. 1996). Carew et al.
(2012) analysed price-determination factors in the
sweet cherry markets in British Columbia, Wash-
ington, Oregon, and California. The study applied
an inverse demand system to capture the effects
of the demand and supply factors relevant to the
cherry growers. They found negative substitution
effects for the prices of the sweet cherries for all
four regions. For consumers in B&H and Serbia,
the most important characteristic when choosing
a cherry variety is the taste, which indicates the im-
portance of this characteristic in selecting the va-
riety (Revell 2008). Similar data were obtained
by Bujdoso et al. (2020) examining consumers’ at-
titudes in seven countries (Bulgaria, Chile, Hun-
gary, Japan, Italy, Latvia and Turkey) who found
that the fruit taste was the most important char-
acteristic when choosing a cherry variety. Crisos-
to et al. (2003) examined the acceptance of sweet
cherries by California consumers and found that it
was positively influenced by the greater SSC, lower
TA, a higher SSC/TA ratio, and darker skin colour.
Taste is the most important characteristic of cher-
ries for consumers in Romania, with the “Early
Red” and Burlat varieties in particular (Asani-
ca et al. 2020). Clearly, the sweet cherry must be re-
ally sweet, because this taste is obviously absolutely
connected with the idea of sweet cherries that con-
sumers hold in their minds (Bujdoso et al. 2020).
Zheng et al. (2016) found that consumers of sweet
cherries will pay the greatest premium for sweet-
ness and the smallest premium for the fruit size.
Although consumers prefer large to very large
cherry fruits, the fruit size itself is not the prima-
ry characteristic when choosing a variety. Similar
data were obtained by Bujdoso et al. (2020) who

state that although the fruit size is a significant
feature in breeding programmes in most coun-
tries where research has been conducted, consum-
ers prefer medium-sized fruits. The colour of the
cherry fruit should be red or dark red. Previous
research has underscored the importance of the
exocarp colour, with consumers preferring a dark
red or mahogany to lighter and darker-coloured
fruit (Long et al. 2007; Long et al. 2021). Accord-
ing to results of Chauvin et al. (2009), mid-harvest
and late-harvest cherries of the ‘Sweetheart’ variety
had the highest overall acceptance, while the mid-
harvest cherries of the same variety had the highest
acceptance for their appearance. These results indi-
cated that cherries harvested at mid-harvest were
the most preferred harvest time despite not having
the highest colour, sweetness, or flavour intensity.
This indicated the importance of the colour, sweet-
ness, and flavour of cherries on the overall accept-
ance and the possible interaction of these attributes
in consumer acceptance. These results corroborat-
ed those from a study by Dever et al. (1996), who
compared ‘Bing’ cherries from a third harvest (char-
acterised as a midseason harvest) to ‘Bing’ cherries
from a fifth harvest (late harvest). In comparing
these two harvest times, the authors found that the
cherry flesh firmness decreased, the juiciness and
sourness did not change, and the sweetness and
cherry flavour increased. This study also reported
that a first harvest of ‘Bing’ cherries was higher
in sourness compared with a second ‘Bing’ har-
vest. Fruit firmness is a very important character-
istic for repurchasing the cherry. Both consumers
in B&H and Serbia prefer medium-firm and firm
fruits, which is in accordance with the findings
of other researchers (Asanica et al. 2020; Bujdoso
et al. 2020). For most of the examined characteris-
tics, no significant differences were found between
the different categories of consumers in B&H and
Serbia, regardless of their age or gender. Kappel
et al. (1996) found positive links between foreign
consumers’ acceptance and the taste, sweetness,
colour, shape, and size of sweet cherries. Cristo-
so et al. (2003) stated that the highest percentage
of American consumers would buy cherries based
on a dark skin colour without regard to the ethnic
group. Although the presence of the stalk is not
a particularly important characteristic for consum-
ers in B&H and Serbia, the presence of the stalk
is certainly important from the aspect of the har-
vest efficiency, as well as an indicator of the fruit
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freshness, so this fruit characteristic must be kept
in mind.

CONCLUSION

Based on the results of the survey conducted
with 402 respondents from B&H and Serbia, it can
be concluded that when choosing a cherry variety,
consumers most often choose red or dark red fruits
with a sweet taste and a medium-firm or firm meso-
carp. Consumers cite these characteristics as traits
of greater importance for their choice. Consumers
choose large fruits (not exclusively the largest ones),
with a stalk (where the length of the stalk does not
matter) and fruits with a kidney shape. The results
obtained may be important as a basis for more de-
tailed research, which would include a tasting panel.
These results can help growers and retailers to po-
sition themselves more effectively in the market,
highlighting the characteristics that are most im-
portant when making a purchasing decision in the
domestic market.
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