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ABSTRACT

Cactus pears (Opuntia spp) that grow wild were collected from five locations in the southeastern coast of
the Mediterranean region of Turkey. The location affected the fruit and seed characteristics significantly.
Cactus-pear samples collected from Bozon and Ciftlikkdy locations showed better fruit and seed
properties compared to those collected from the other locations. Correlation parameters among fruit
quality were significant and high. The aborted-seed weight and number were more correlated with fruit
properties than that of viable seeds. The weights of both fruit and pulp were positively affected with
increase in seed content. The multivariate analysis also showed similar results to ANOVA and correlation
tests.
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INTRODUCTION

The cactus pear (Opuntia spp) belongs to the Cactaceae family and is native to arid and semiarid regions.
The fruit is a many-seeded berry with a pleasant taste. The cactus pear, a good source of nutrient and
vitamins (Sawaya et al., 1983a; Barbera et al., 1992), is mainly consumed fresh and, in some countries, is
processed into food products such as jams, fruit juice, alcoholic beverages, additives, etc. (Sawaya et.al.,
1983b). Furthermore, the cactus pear is also considered as a potential alternative crop for dry regions due
to its ability to withstand prolonged drought (Russel and Felker, 1987; Potgieter, 1995).

Studies showed that the fruit size and shape are affected by the seed number and weight (Barbera et al.,
1994; Bukovac and Nakagawa, 1968; Barbera et al., 1995). The relationship between fruit size and seed
content varies with several factors, such as genotype and fruit position within the canopy (Grant and
Ryugo, 1984; Lawes et al., 1990). Prickly pear fruits contain totally 100 to 300 seeds (Barbera and
Inglese, 1993; Barbera et al., 1994). The seeds of the fruit constitute about 10% to 15% of the pulp and
are discarded.

The cactus pear is cultivated and grown commercially in countries such as Mexico, the United States,
Italy, and Israel. On the other hand, this cactus is categorized as an underutilized crop in several other
Mediterranean countries, including Turkey. The cactus pear grows wild in regions comprising high
humidity, as are the Mediterranean and Aegean regions in Turkey.

To the best of our knowledge, there are no commercial plantations and no definite varieties of the cactus
pear in Turkey. It is not cultivated as a regular commercial crop. The cacti are naturalized and grow in
brushy areas either as individual plants or as groups as well as around homes. The majority of the existing
cactus-pear plants are thorny and produce edible fruits with an orange-yellow color. Only the seedy pulp
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is consumed fresh locally and, traditionally, fruits are sold in the streets by the people who peel the
pericarp of fruits in the presence of the consumer. Discarded pericarp with its prickled peel comprises
48% of the fruit and has a high level of pigment (Aksay et al., 1998; Coskuner et al., 2000; Turker et al.,
2001). No attempts on breeding studies and commercialization practices have been known so far in
Turkey; cactus pear (Opuntia ficus-indica L.) still remains a wild species (Aksoy, 1995).

The objective of this study was to investigate fruit and seed properties of the cactus pear collected from
five different locations in the eastern coast of the Mediterranean region of Turkey.

MATERIALS AND METHODS

The cactus pears were collected from wild populations of Opuntia sp. located in southeastern coast of
Mediterranean region of Turkey at Adana (37°00"12”N, 35°15’48”E), Bozon (36°45"24”N, 34°30’00”E),
Ciftlikkoy (36°45’48”N, 34°30°06"E), Silitke (36°2024”N, 33°5524”E) and Tarsus (36°55’00”N,
34°50’48”E). Approximately 150 fruits were collected from each location at the end of August. For each
location, 25 samples were selected randomly from the 150 fruits. The whole fruit weight (FW), core
weight (CW), fruit length (FL) and fruit diameter (FD) of samples were measured immediately after
harvest.

The fruit diameter and length were measured using calipers. The fruits were washed and the prickles and
glochides on the peel surface were removed under running tap water by rubbing. After the free water
drained from the fruits, their weight was recorded. Fruits were cut longitudinally, the flesh and thick peel
were separated, and the weights of these fractions were recorded. Seeds were washed under running water
several times on a screen (700 micron) to separate the seeds from the pulp, then drained. They were dried
at ambient temperature and weighed. The dried seeds were sorted as viable and aborted. The seeds were
weighed as total seed dry weight (TSDW), viable-seed dry weight (VSDW) and aborted-seed dry weight
(ASDW) and counted as total seed number (TSN), viable-seed number (VSN) and aborted-seed number
(ASN). The pulp weight (PW) was calculated by subtracting the FW from wet-seed weight and skin
weight.

The data obtained were evaluated by analysis of variance (ANOVA) using the STATISTICA Package
Program (Statsoft, 1995). The principal-component analysis (PCA) was applied to the pooled data to
establish the relationship among the characteristics of the fruit and to detect the significant factors
responsible for variations.

RESULTS

The physical-quality characteristics of cactus pear investigated in this study are given in Table 1. The fruit
properties differed significantly among locations (Table 1). The samples from the Bozon location
comprised higher fruit diameter and length together with high fruit, core, and pulp weights compared to
those collected from the other locations. Furthermore, Bozon samples possessed the highest fruit weight
(102 g). The fruits from the other locations (Adana, Ciftlikkdy, Tarsus, and Silifke) were statistically of
the same weight, with Adana samples comprising the lowest fruit weight (76.7 g). The same trend
detected for the fruit weights also was observed for the core weights of the cactus-pear samples. The
mean values of the pulp weights of the different locations ranged from 70.46 g to 96.71 g, with the Bozon
fruit samples having highest pulp weight.

There were significant differences among locations concerning the seed properties of the fruits. Although
the fruits collected from Bozon and Ciftlikkdy had the highest fruit weights, they had low values for dry-
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seed weight, viable dry-seed weight, viable-seed number. In contrast, fruits from this region had high
aborted-dry-seed weight and high aborted-seed numbers. The total dry-seed weights of the samples
showed small variations among the locations ranging from 2.1 g to 2.7 g., resulting in two groups of
locations. The group comprising Tarsus and Adana showed somewhat higher values as far as the total dry
seed weight was concerned (Table 2). The viable-seed weights showed higher variations among locations,
with Adana and Tarsus samples comprising higher values. Nonetheless, aborted-seed weight of the fruits
from different locations was quite close to each other. The total-seed number of the fruits varied from 227
to 270 among locations. Viable-seed numbers ranged from 78 to 131. The number of aborted seeds
ranged from 96 to 172. Adana and Tarsus samples contained more viable seeds than aborted seeds. Silifke
samples contained equal numbers of aborted and viable seeds, while fruit from Bozon and Ciftlikkoy
contained fewer viable seeds than aborted seeds (Table 2).

The correlation coefficients were determined among each of the fruit and seed characteristics (Table 3).
The fruit weight was significantly and positively correlated with the pulp weight, core weight, total seed
number, aborted-seed number, and aborted-seed weight. As expected, the pulp weight showed the same
trend as evaluated for fruit weight. No significant relationships were found between the three fruit
characteristics (FW, PW, and CW) and total seed weight, viable-seed weight, viable-seed number and
viable/aborted-seed ratio. The total seed weight was correlated to the viable-seed number, viable-seed
weight, aborted-seed weight, and total seed number. The viable-seed number did not show any
relationship to the aborted-seed number and weight.

On the other hand, viable-seed number was significantly correlated with the total seed number and
viable/aborted-seed ratio. Contrary to the viable-seed results, the aborted-seed number and weight were
only slightly correlated with the fruit parameters. Furthermore, the viable seeds showed a high positive
correlation with the total seed number and a high negative correlation to the viable/aborted-seed ratio. The
total seed number showed positive correlations with other parameters, except the viable/aborted-seed
ratio. The highest correlation coefficient was found between the fruit weight and the pulp weight, as
expected (r=0.93).

Principal component analysis (PCA), a useful technique in exploratory data analysis, has been used in
food research with different objectives (Acquistucci, 1996; Frau et al., 1997; Molina-Cano et al., 1997,
Boccorh et al., 1998; Oscarsson et al., 1998). In this study, PCA was used to explain the variability of the
original data as possible with as few of these principal components as possible. Eighty-four percent of the
variation in the cactus pear fruit and seed properties was explained by the first three principal components
(PCs), 45% by PCl1, 27% by PC2, and 2% by PC3, respectively (Table 4). The data dimensions were
reduced from 12 quality parameters to 3 principal components with 16% loss of variation. The results of
the PCs are presented in Figures 1 and 2. There is a joint increase of fruit weight (FW), pulp weight (PW),
core weight (CW), fruit diameter (FD), total seed number (TSN), aborted-seed weight (ASW) and number
(ASN), and fruit length (FL) in axis 1, toward the positive direction. The fruit weight and pulp weight are
strongly correlated with each other and both are correlated with the core weight, fruit diameter and length,
aborted-seed weight and number. Toward the negative direction, the viable/aborted-seed ratio was
significantly negative correlated with the aborted-seed number.

The V/A ratio is positively correlated with the viable-seed dry weight (VSDW) and number (VSN) and
total seed weight (TSW) in axis 2 (Figure 1). Thus, viable-seed properties of cactus pear decrease toward
the negative direction on PC axis 2.

The ASN is positively correlated with the ASDW and TSN in axis 3. On the other hand, the ASN is
negatively but less strongly correlated, although ASN is positively correlated in axis 1, with PW, FD, FW,
and CW in axis 3. This indicated that a rise in seed content of fruit slightly decreases pulp yield of cactus
pear (Figure 2).
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DISCUSSION

The statistical results showed that the cactus pear size and weight are affected by the location in which the
cactus grows, which is in accordance with previous studies (Bukovac and Nakagawa, 1968; Barbera et al.,
1994). Although, the length of fruits from each location did not differ much, the fruit diameter differed
significantly among locations. Depending on the fruit characteristics, such as dimensions and weight, two
groups of locations appeared. Bozon and Ciftlikkoy, which are closely located to each other near the sea
coast and have the same climatic conditions, belonged to one group. These two locations have much
higher humidity compared to the other locations of the second group.

The results showed that, the fruit weight of the wild fruit was slightly affected by the aborted-seed weight
and number, as well as the total seed number. On the other hand, the viable-seed to aborted-seed ratio did
not show an effect on fruit quality in terms of size. These findings were lower than that reported by
Barbera et al. (1994). This difference in results might be due to the use of cultivated varieties by these
researchers.

As reported by Barbera et al. (1994), the viable-seed number/aborted-seed number (V/A) ratio was not
dependent on the total seed number. The principal-components analysis showed that the cactus pear with
high fruit diameter and low viable-seed number/aborted-seed number will give a parallel rise in ASN,
CW, PW, FW, and TSN of the fruit. Thus, the fruit quality increases toward the positive direction.

The cactus pear grows wild and is not yet cultivated in Turkey. Such data might give a starting point for
breeding studies.
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Table 1. Fruit Properties of Cactus Pear Samples in Five Locations

FD FL FW CwW PW

(cm) (cm) () () (€]
Adana 46c" 6.7 ab 76.7b 40.7b 355¢
Bozon 52a 7.0a 102.0 a 55.1a 509a
Ciftlikkoy 49b 6.6b 85.8b 4790 423D
Silifke 45¢c 7.1a 77.7Db 40.5b 359¢
Tarsus 45¢ 6.8 ab 81.6b 443 Db 38.1 bc

"Means within a column followed by the same letter are not significantly different at the 0.05
level.

FD: Fruit diameter (cm), FL: Fruit length (cm), FW: Fruit weight (g), CW: Core weight (g),
PW: Pulp weight (g).

Table 2. Seed Properties of Cactus Pear Samples in Five Locations

DSW VSDW  ASDW VSN ASN TSN VSDW/

(9] ® ® (n) (n) (n) ASDW

Adana 264 2.0a 0.6 be 131a 96 ¢ 227 ¢ 333a
Bozoén 22b l4c¢ 0.8a 98 b 172 a 270 a 1.75¢
Ciftlikkoy 2.1b ldc 0.8a 78 b 172 a 251b 1.75¢
Silifke 2.2b 1.7 bc 0.6 bc 124 a 124 b 248 b 2.83b
Tarsus 2.7a 2.0a 0.7 ab 123 a 114 be 237 ¢ 2.86 b

"Means within a column followed by the same letter are not significantly different at the 0.05 level.
DSW: Dry-seed weight (g), VSDW: Viable-seed dry weight (g), ASDW: Aborted-seed dry weight (g), VSN: Viable-
seed number (n), ASN: Aborted-seed number (n), TSN: Total seed number.

Table 3. Correlation Matrix of Fruit and Seed Properties’

FL FW CW PW DSW VSDW ASDW TSN VSN ASN V/A

FD 034 0.86 081 0.83 0.13 -0.08 0.50 043 -0.06 057 -035
FL 0.60 050 049 024 0.14 0.26 0.47 031 032 0.01

FW 092 093 0.24 0.02 0.52 0.54 0.10 057 -0.27
Cw 0.99 0.38 0.15 0.59 0.60 0.18 058 -0.25
PW 0.27 0.06 0.54 0.54 0.09 058 -0.29
DSW 0.83 0.52 0.60 0.78 0.11 0.36
VSDW 0.16 0.36 0.77 -0.18 0.55
ASDW 0.62 0.06 071 -0.46
TSN 057 075 -0.19
VSN -0.11  0.61
ASN -0.72

T n=125; FD: Fruit diameter (cm), FL: Fruit length (cm), FW: Fruit weight (g), CW: Core weight (g), PW: Pulp weight (g), DSW:
Dry-seed weight (g), VSDW: Viable-seed dry weight (g), ASDW: Aborted-seed dry weight (g), TSN: Total seed number, VSN
Viable-seed number (n), ASN: Aborted-seed number (n), PP: Pulp percentage (%).

Bold-type indicates that correlation coefficients are significant at the 0.05 level.
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Table 4. Principal Component Analysis; Characteristics of the Selected Component

Percent Cumulative
Component Eigenvalue (k) of Variation Percent
1 5.38 45 45
2 3.27 27 72
3 1.44 12 84

J. PACD - 2004



PC2

0.8

0.6

0.4

0.2

0.0

DSW
VSDWySN L
L )

-0.4 -0.2 0.0 0.2 04 0.6

PC1

0.8 1.0

FD: Fruit diameter (cm), FL: Fruit length (cm), FW: Fruit weight (g), CW: Core weight (g), PW: Pulp weight (g),
DSW: Dry-seed weight (g), VSDW: Viable-seed dry weight (g), ASDW: Aborted-seed dry weight (g),
VSN: Viable-seed number (n), ASN: Aborted-seed number (n), PP: Pulp percentage (%).

Figure 1. Principal Component Analysis (PCA). Representation of the Fruit and Seed Quality Variables
as a Function of Both the First (PC1) and Second (PC2) Principal Components
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FD: Fruit diameter (cm), FL: Fruit length (cm), FW: Fruit weight (g), CW: Core weight (g), PW: Pulp weight (g)
DSW: Dry-seed weight (g), VSDW: Viable-seed dry weight (g), ASDW: Aborted-seed dry weight (g)
VSN: Viable-seed number (n), ASN: Aborted-seed number (n), PP: Pulp percentage (%).

Figure 2. Principal Component Analysis (PCA). Representation of the Fruit and Seed Quality Variables
as a Function of Both the First (PC1) and Third (PC3) Principal Components
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