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Abstract. Opuntia ficus indica leaves (i.e. cladotus) are vital as a source of fodder for ruminant animals in arid
and semi-arid climates of the world. In this study, the purpose was to determine the nutritional values and
mineral contents of Opuntia ficus indica cladotus of 3 different ages obtained from the natural flora in two
different locations in the Mediterranean region of Turkey (Tarsus - Mersin, and Kozan - Adana). The crude
protein content (%), acid detergent fiber (%), neutral detergent fiber (%), digestible dry matter ratio (%), dry
matter intake value (%), relative fodder value, Ca (%), Mg (%), K (%), P (%), Ca/P (%), and K/(Ca+Mg) (%)
were examined in the present study. As a result of the study, it was found that the Tarsus location had higher
crude protein, Mg, and Ca/P values, and the Kozan location had higher Ca, K, and P values. Cladotus age
had an impact on all these investigated characteristics except for P and Ca/P ratios. It was also found that
young cladotus had higher crude protein (13.18%), digestible dry matter (69.16%), dry matter intake (5.47%),
relative fodder value (293.43), Ca (2.62%), K (2.44%), and K/(Ca+Mg) (0.75%) values, these characteristics
decrease as the age of cladotus proceeds; however, ADF, NDF, and Mg contents are higher in older cladotus.
As a result, one- and two-year-old opuntia cladotus can be made use of as an alternative fodder for ruminant

nutrition in dry periods of the year when the amount and quality of grass production decreases.
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Introduction

Opuntia ficus indica is a plant species of the Cac-
taceae family, which can grow in arid and semi-arid
climates with high drought resistance (high tempera-
ture, drought, and UV radiation) (1). The inability of
many plants to grow naturally in arid areas made this
plant become an alternative agricultural resource (2).
Especially in areas that have low and insufficient rain-
fall, finding alternative fodder and food sources may
vary depending on the climate and natural resources of
the area (3). When the climate and living conditions
of the African continent are considered, it is seen that
this plant is a very important food source for animals
and humans (4). Opuntia species come to the forefront
with their development characteristics in arid and

semi-arid areas by developing and producing prod-
ucts with the Crassulacean Acid Metabolism (CAM).
CAM photosynthesis seen in cacti provides the ability
to adapt to water stress, heat, and sunlight (5, 6).
Although Opuntia ficus indica is mostly grown
in Mexico, it spread naturally in many countries in
Africa, Australia, the Mediterranean basin, some parts
of Asia, and the African continent over time (7, 8).
It also spreads in Adana, Mersin, Osmaniye, Hatay,
Antalya, and the South Aegean Region of Turkey.
Opuntia ficus indica fruits, which can grow naturally
in these regions, are collected by people and are sold
in local markets (9). In our country, opuntia species is
known under the names of hint inciri (nopal), dikenli
incir (thorny fig), and frenk inciri (opuntia) (1). It was
reported that its fruits can be used in jam, juice, and
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candy products, and young Cladotus are a good source
of fiber for human nutrition (10, 11).

Abundant, high-quality, and cheap fodder source
is an important issue affecting productivity in animal
husbandry (12, 13). Roughage is an indispensable for-
age source, and the quality roughage gap is still an
up-to-date issue (12, 13, 14). Turkey has approximately
60.4 million animals, including 16 million cattle, and
44.3 million sheep - goats (15). It was reported that
these animals are not fed with adequate quality fodder,
and there is a deficit in this respect of approximately 30
million tons per year (16).

The leaves of Opuntia ficus indica (cladotus) have
vital importance as a fodder source for ruminants in
arid and semi-arid climates. In a study that was con-
ducted in Turkey (17), it was reported that the crude
protein, Ca, and P contents of young Cladotus were
higher than those of older ones. Pinos-Rodriguez
et al. (18) reported that the dry matter, ash, protein,
NDF, and ADF contents of cactus Cladotus were
73.3%, 9.1%, 16.3%, 22.3%, and 9.7%, respectively. It
was reported in a study that was conducted in Kenya
that the nutritional composition of the cultivars
changed according to age and season (19); in another
study that was conducted in Ethiopia with different
varieties (20), it was reported that the ash content
was 20.15%-22.79%, the organic matter content was
77.21%~79.85%, and the crude protein content was
5.38%—-6.02%. In the study that was conducted with
Portuguese Opuntia ficus indica cladotus ecotype, the
dry matter was found to be 12.85%-14.58%, crude
protein was 68.01-82.52 g kg dry matter, NDF
164.67-198.99 ¢ kg! dry matter, and ADF 95.49—
114.35 g kg™! dry matter (20).

It was found that studies were conducted world-
wide regarding the nutritional value and medicinal
use of Opuntia ficus indica Cladotus and fruits (21,
22), polyphenol content, and antioxidant capacity
(23,24, 25,26,27), chemical and nutritional contents
(19, 28, 29, 30, 31, 32, 33); however, there are limited
studies conducted on this plant in Turkey (34). It was
found that there is only one study conducted on its
use in animal nutrition, silage, and nutritional value
(17). This study was conducted to determine the fod-
der value and mineral content of Opuntia ficus indica

plant Cladotus that had different ages obtained from
different locations, and also to investigate their us-
ability in animal nutrition as an alternative fodder
source.

Materials and Methods
Experimental Site and Conditions

The study was conducted on the Opuntia ficus in-
dica plant in the natural flora in two different loca-
tions (Tarsus - Mersin, and Kozan - Adana) in 2020
(Figure 1). Some climatic data of these locations are
given in Table 1 for many years (35).

The city of Tarsus is located in the Mediterranean
Region, between 36°55°02.23” Northern Latitude and
34°53'34.88” Eastern Longitude at an altitude of 23 m
above sea level. The average monthly temperature of
the county is 19.2°C for many years (1940-2020),
the highest average temperature is 23.4°C, the lowest
average temperature is 14.8°C, and the total annual
precipitation is 615.5 mm. Kozan County is located
in the Mediterranean Region between 37°27°07.37”
Northern Latitude and 35°49’12.17” Eastern Longi-
tude, at an altitude of 120 m above the sea level. The
average monthly temperature of the county for many
years (1940-2020) is 19.2°C, the highest average
temperature is 25.4°C, the lowest average tempera-
ture is 13.9°C, and the annual total precipitation is
668.1 mm.

Figure 1. Location information of experimental areas.
A: Tarsus, B: Kozan
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Table 1. Some climatic data of locations for many years

Many years (1940 — 2020)

Average Average maximum Average minimum Monthly total

temperature (°C) temperature (°C) temperature (°C) rainfall (mm)
Months Tarsus Kozan Tarsus Kozan Tarsus Kozan Tarsus Kozan
January 10.2 9.5 14.6 14.8 6.3 5.2 119.9 111.1
February 11.1 10.5 15.5 16.2 6.9 6.0 86.7 89.6
March 13.8 13.4 18.1 19.5 9.2 8.3 56.2 65.0
April 17.5 17.5 21.6 23.7 12.9 11.9 34.1 51.1
May 21.3 21.8 25.0 28.3 16.9 15.8 23.4 48.7
June 25.0 25.6 28.2 31.7 20.9 19.8 10.1 22.2
July 27.8 28.2 30.8 33.9 24.0 23.0 11.6 10.2
August 28.3 28.7 31.6 34.7 24.3 23.3 6.8 9.6
September 25.8 26.1 30.1 33.1 21.0 20.1 11.7 19.6
October 21.5 21.7 26.7 29.1 16.3 15.7 38.9 43.6
November 16.2 15.9 21.6 22.6 11.6 10.7 77.1 71.2
Dicember 11.9 11.2 16.5 16.8 7.9 6.9 139.0 126.2
Total/average 19.2 19.2 23.4 25.4 14.8 13.9 615.5 668.1

Experimental Material and Design

The study material consisted of Opuntia ficus indica
plant Cladotus in the natural flora in Tarsus - Mersin
and Kozan - Adana. Cladotus were taken from these
locations on October 3—4, 2020 from 10 different roots
as 3 replications for 3 different maturity years.

Data Collection

Cladotus that were taken from two different lo-
cations as 3 replications for 3 different maturity years
were cleaned in Kahramanmarag Siit¢i Imam Uni-
versity, Faculty of Agriculture Laboratory, cut into
2-3 cm? pieces, and were left at room temperature for
two days, and were then dried in an oven at 105°C
(£5°C) for 24 hours. The dried material was passed
through a grinding device that had 1 mm mesh and
made ready for chemical analyses. Three replications
were performed for each analysis (21).

The Kjeldahl Method was used in determin-
ing the nitrogen contents of the samples. The crude

protein rate was calculated with the formula of
N X 6.25 (36). The Neutral Detergent Fiber (NDF)

and Acid Detergent Fiber (ADF) analyzes were made
by using the ANKOM?200 Fiber Analyzer (ANKOM
Technology Crop., Fairport, NY, USA) according to
the method described by Van Soest et al. (37). The Di-
gestible Dry Matter (DDM), Dry Matter Ingestion
(DMI), and Relative Fodder Value (RFV') were calcu-
lated with the following standard formulas (38).

Digestible Dry Matter (DDM) = 88.9—(0.779
X ADF%)
Dry Matter Ingestion (DMI) = 120 / NDF%
Relative Fodder Value (RFV) = DDM (%)
X DMI (%) / 1.29

The Ca, Mg, P, and K contents of Opuntia ficus in-
dica Cladotus were determined by using the WINISI
Package Program in FOSS 6500 NIR Systems Device.

Statistical Analyses

The variance analyzes of the data obtained in
the study were made according to a completely rand-
omized with a factorial arrangement of 2 X 3 by us-
ing the SAS Statistical Package Program (39), and the
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significance of the difference between the mean values
was determined with the LSD Test.

Results
Nutritional Value

The results of the analyses of the variance of the
nutritional values of Opuntia ficus indica cladotus of
three different ages obtained from two different loca-
tions are given in Table 2, which also shows that the
effects of locations on CPC, Cladotus age on all the
parameters in question, and location-Cladotus age in-
teraction on NDF, DDM, and RFV were statistically
significant. No significant differences were detected
between Tarsus and Kozan locations in ADF, NDF,
DDM, DMI, and RFV, except for CPC. The CPC
value of the Tarsus location (10.73%) was higher than
the Kozan location’s CPC value (9.75%). When the
effects of Cladotus age on nutritional values were ex-
amined (Table 2), the highest CPC (13.18%), DDM
(69.16%), DMI (5.47%), and RFV (293.43) values
were obtained from one-year cladotus; however, the
highest ADF (36.46%) and NDF (38.53%) values

were obtained from three-year-old Cladotus. Also, it
was determined that L X CA interaction is important

for NDF, DDM, and RFV.
Mineral Composition

The variance analysis results of the mineral com-
position of Opuntia ficus indica Cladotus are given in
Table 3.

The effect of locations on all parameters in ques-
tion except for K / (Ca + Mg), the effect of Clado-
tus age on Ca, Mg, K, and K/ (Ca + Mg), and L X
CA interaction on Ca, K, and K / (Ca + Mg) were
at statistically significant levels. No significant differ-
ences were detected between Tarsus and Kozan loca-
tions in terms of K / (Ca + Mg). The Ca (2.71%), K
(2.35%), and P (0.44%) contents of Kozan location
Cladotus were higher than those of Tarsus location.
When the effects of Cladotus age on mineral com-
position were examined (Table 3), the highest Ca, K,
and K / (Ca+Mg) values were found in one and two-
year-old Cladotus; however, the highest Mg content
(0.78%) was found in 3-year old Cladotus. Also, the
L X CA interaction was important for Ca, K, and K/
(Cat+Mg).

Table 2. Effects of cladode age on nutritional value of the Opuntia ficus-indica cladodes at two different locations in East Mediterranean

region of Turkey.
CPC%) | ADF%) | NDF(%) | DDM@®%) | DMI%) | RFV
Locations (L)
Tarsus 10.73 a 29.67 28.07 65.79 4.49 231.38
Kozan 9.75b 29.65 27.96 65.78 4.66 241.06
LSD g5 0.80 ns ns ns ns ns
Cladode ages (CA)
One 13.18 a 25.34 ¢ 2198 ¢ 69.16 a 547 a 293.43 a
Two 10.31b 27.21b 23.53b 67.70 b 512b 268.85 b
Three 7.24 ¢ 36.46 a 38.53 a 60.50 ¢ 3.12¢ 146.39 ¢
LSD o5 0.98 1.47 1.26 0.23 1.14 14.07
Analysis of variance for parameters combined over locations

L * ns ns ns ns ns
CA ok o ok o o .
L X CA ns ns o * ns *

*, ®significant at the 0.05 and 0.01 level, respectively; for each trait, values within columns followed by the same letter are not significantly at P=0.05;

ns, non-significant.
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Table 3. Effects of cladode age on mineral composition of the Opuntia ficus-indica cladodes at two different locations in East

Mediterranean region of Turkey.

| Ca) | Mg | K) | P | CaP@) | KACa+Mg ()
Locations (L)
Tarsus 2.39b 0.73 a 2.12b 0.34b 716 a 0.68
Kozan 2.71a 0.65b 2.35a 0.44 a 6.16 b 0.70
LSD g5 0.07 0.05 0.06 0.05 0.80 ns
Cladode ages (CA)
One year 2.62 a 0.62b 2.44 a 0.41 6.46 0.75 a
Two years 2.60 a 0.67b 2.45a 0.40 6.79 0.75a
Three years 2.43b 0.78 a 1.82b 0.39 6.74 0.57b
LSD g 0.09 0.06 0.07 ns ns 0.04
Analysis of variance
L ok . . X s
CA ok . s s ok
L X CA * ns ns ns o

*, *significant at the 0.05 and 0.01 level, respectively; for each trait, values within columns followed by the same letter are not significantly at P=0.05;

ns, non-significant.

Discussion
Nutritional Value

The effects of locations on other characteristics
that were examined, except for the CPC value, were
not at significant levels; however, the effects of Clado-
tus age on all characteristics were at significant lev-
els. According to the locations, the CPC of Opuntia
Jcus indica varied between 9.75% and 10.73%, and the
highest value was obtained in Tarsus. The CPC varied
between 7.24% and 13.18% according to the cladotus
age. It was also found that the CPC value decreased
as the cladotus age proceeded. The highest CPC value
was detected in young Cladotus, and the lowest crude
protein content was found in ripe Cladotus. De Kock
(40) reported that there was crude protein at a rate of
4%, Tegegne et al. (31) reported as 5%, Abidi et al.
(5) as 3.8%, and Rekik et al. (41) as 4.4% in Opuntia
plant Cladotus. Retamal et al. (28) reported that the
crude protein rate ranged between 10.6% and 15.0%
in young Cladotus to 4.4% and 11.3% in older Clado-
tus. Erol et al. (42) reported the crude protein rate as
3.05% in Cladotus of Opuntia ficus indica. Our findings
were higher than the crude protein values reported by

De Kock (40) and Erol et al. (42) and were found to
be consistent with the values reported by Retamal et
al. (28). According to Rodrigues et al. (21), the crude
protein rate decreases as the Cladotus age proceeds,
and the crude protein content is higher in young Clad-
otus. In the present study, ADF rates were found to
be between 29.65-29.67% according to locations, and
between 25.34% and 36.46% according to Cladotus
ages; NDF rates varied between 27.96% and 28.07%
according to locations, and 21.98%—38.53% according
to Cladotus ages. It was also found that the ADF and
NDF rates increased as the Cladotus age proceeded.
The L X CA interaction was important for NDF
(Figure 2).

In the study locations, NDF rate increased at
significant levels with increasing Cladotus age. Tay-
lor (43) reported that the quality standards must be
ADF <31% and NDF <40% for legumes, grass, and
legume-wheat mixed straw. It was determined in the
study that the ADF and NDF values of Opuntia ficus
indica cladotus were in line with the quality standards.
Tegegne et al. (31) %23.9, Abidi et al. (5) %25.1, Re-
kik et al. (41) %30.6 and Costa et al. (44) reported
NDF values of 31.2%. In some studies conducted with
Opuntia ficus indica, it was reported that ADF values
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Figure 2. Location x cladode age effect on NDF of Opuntia
Jicus-indica cladotus

varied between 13.7% and 28.7% (44, 45, 46, 47). The
ADF and NDF values, which vary according to clado-
tus age, are similar to the findings of many research-
ers. In a study that was conducted in Turkey, it was
reported that it was 12.55% in ADF and 60.94% in
NDF (42). This difference in results is considered to
be because of the Cladotus age.

The effect of location on the Digestible Dry
Matter (DDM) values of Opuntia ficus indica cladotus
was not at significant levels; however, the age of Clad-
otus and L X CA interaction had significant impacts
in this respect. DDM values varied between 60.50%
and 69.16% according to cladotus ages. In both loca-
tions, the highest DDM value was detected in young
Cladotus, and the lowest was found in ripe Cladotus
(Figure. 3), which indicates that as the Cladotus age
proceeds, the digestibility rate for animals will de-
crease. DMI values ranged between 3.12 and 5.47
according to the age of cladotus. As the cladotus age
proceeded, the DMI value decreased at significant lev-
els, which was because of the decreased DDM values.
Cladotus age and L. X CA interaction had a significant
effect on the RFV value. In both locations, the RFV
value decreased as the Cladotus age proceeded, and
the lowest RFV value was detected in the 3-year-old
Cladotus (Figure 4)

Mineral Composition

Kozan location had higher values in terms of Ca,
K, and P, and Tarsus location had higher values for Mg
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Figure 3. Location x cladode age effect on DDM of Opuntia
Sfreus-indica cladotus
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Figure 4. Location x cladode age effect on RFV of Opuntia
freus-indica cladotus

and Ca/P. The age of the Cladotus had an effect on
Ca, Mg, K, and K / (Ca + Mg) rates. The highest Ca,
K, and K / (Ca + Mg) rates were obtained from one
and two-year-old Cladotus, and the content of these
minerals decreased at significant levels as the Cladotus
age increased. Also, the L X CA interaction of the Ca,
K, and K/ (Ca + Mg) rate was found to be significant
(Figure 5, 6, and 7).

As the Cladotus age increased, the Ca, K, and K/
(Ca + Mg) rates decreased in the study locations. This
decrease was more in the Tarsus location. This was be-
cause of the fact that the Tarsus location had a lower
annual total precipitation than the other location
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Figure 5. Location x cladode age effect on Ca content of Opun-
tia ficus-indica cladotus
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Figure 6. Location x cladode age effect on K content of Opuntia
Jreus-indica cladotus

(Table 1). It was reported that the Ca and P contents
of Cladotus of opuntia were 1.4% and 0.2%, respec-
tively (40). Nobel (48) reported that younger Cladotus
had higher K contents. The P value that was found in
the study was higher than those that were reported by
De Kock (40). Although the effects of locations on
Ca/P rate were significant, the effects of Cladotus age
were not at significant levels. Acikgéz (49) reported
that the Ca/P rate should be 2:1, and the risk of milk
fever/hypocalcemia increased in excessive amounts. In
the study, Mg and K/(Mg+Ca) contents were affected
by the Cladotus age at significant levels. As the matu-
ration period proceeded, the Mg rate increased, and
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Figure 7. Location x cladode age effect on K/(Ca+Mg) content
of Opuntia ficus-indica cladotus

the K/(Mg+Ca) rate decreased. As a matter of fact,
the highest Mg (0.78%) and the lowest K/(Mg+Ca)
rate (0.57%) were found in 3-year-old ripe cladotus.
Kidambi et al. (50) reported that the K/(Ca+Mg) rate
must be less than 2.2%. At least 0.3% Ca, 0.1% Mg,
0.8% K, and 0.2% P must be present to cover the nutri-
tional needs of animals (51). It was found that Opuntia
Jicus indica Cladotus in the natural flora of Tarsus and
Kozan in the Eastern Mediterranean Region of Turkey
had good K/(Ca+Mg) rates and high Ca/P rates. It
was also found that Opuntia ficus indica Cladotus were
superior in terms of Ca, Mg, K, and P contents, and
might be sufficient for ruminant animal nutrition.

Conclusion

The present study was conducted to determine the
nutritional value and mineral content of Opuntia ficus
indica cladotus of three different ages obtained from
the natural flora in two different locations (Tarsus -
Mersin, and Kozan - Adana) in the Mediterranean
Region in Turkey. It was found as a result of the study
that the Tarsus location had higher crude protein, Mg,
and Ca/P values, and the Kozan location had higher
Ca, K, and P values. It was also found that crude pro-
tein, Digestible Dry Matter, Dry Matter Ingestion,
and Relative Fodder Value, Ca, K, P, and K/(Mg+Ca)
values decreased when ADF, NDF, and Mg values
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increased as the Cladotus age proceeded. The impor-
tant thing in animal nutrition is to cover the protein
requirement. The results show that Opuntia ficus indica
can be an alternative fodder source in the face of in-
creasing drought conditions. One and two-year young
opuntia Cladotus can be considered to be an alterna-
tive fodder in ruminant nutrition. The issues on the
reproduction of this plant in arid areas with different
evaluation methods must be investigated.

Conflict of interests: No potential conflict of interest relevant to
this article was reported by the author.

References

1. Uzun HI, engiil S. Growing of Opuntia ficus-indica. Med-
iterranean University, Agricultural Faculty Journal 1994; 7:
83-89.

2. De Wit, M Nel P, Osthoff G, Labuschange, MT. The effect
of variety and location on cactus pear (Opuntia ficus — indica)
fruit quality. Plant Foods Hum. Nutr 2010; 65: 136-145.

3. Nefzaou1 A, El-Mourid M, Salah C. Icarda and FAO cac-
tus net collaborate to promote cactus (Opuntia ficus indica,
inermis) for rangeland improvement and to combat deserti-
fication. Cactus net Newsletter 2009; 9: 28-33.

4. Chipeta M. Keynote adress (A. Nefzaoui, P. Inglese, T.
Belay editor). Improved utilization of cactus pear for food,
feed, soil and water conservation and other products in
Africa. Proceedings Of International Workshop, Micelle
(Ethiopia) 2010; 10-11.

5.Abidi S, Ben Salem H, Vasta V, Priolo A. Supplementa-
tion with barley or spineless cactus (Opuntia ficus indica f.
inermis) cladodes on digestion, growth and intramuscular
fatty acid composition in sheep and goats receiving oaten
hay. Small Ruminant Research 2009; 87: 9-16.

6. Donato PER, Pires AJV, Donato SLR, Bonomo P, Silva. A,
Aquino A. Morfometria e rendimento da palma forrageira
‘Gigante’ sob diferentes espagamentos e doses de adubagio
orgénica. Revista Brasileira de Ciéncias Agrarias 2014; 9:
151-158.

7. Aserca. La tuna base del desarrollo del las culturas mes-
oamericanas. Revista Claridades Agropecuarias 1999;71:
9—44.

8. Séenz C, Berger H, Corrales-Garcia L Galletti ], Garcia de-
Cortazar V, Higuera IC, Mondragén A, Rodriguez Félix,
Sepulveda E, Varnero MT. Utilizacién agroindustrial del
nopal. Boletin de Servicios Agricolas de la FAO 2006;162.

9. Zurnact M. Morphological and Molecular Investigation of
Opuntia ficus-indica in Mediterranean Ecological Condi-
tions. MSc Thesis, Biology 2007; 88.

10. Russell CE, Felker P. The prickly-pears (Opuntia spp., Cac-
taceae): a source of human and animal food in semiarid re-
gions. Economic Botany1987; 41:433-445.

11. Hoffman W. The many uses of prickly pears (Opuntia Mill.)
in Peru and Mexico. Plant Res Develop 1990; 12: 58-68.

12. Ayan I, Asar 00, Basaran U, Mut H. Quality Characters of
Some Turnip (Brassica rapa L.) Cultivars. J. of Fac. of Agric
2006; 21:310-313.

13.Kara N, Yiiksel O. Can We Use Buckwheat as Animal
Feed? Turkish Journal of Agricultural and Natural Sciences
2014; 1:295-300.

14. Algigek A, Kilig A, Ayhan V, Ozdogan M. 2003. Forage
production and problems in Turkey. http://www.zmo.org.
tr2003;819-903.

15. Anonymous. Animal production statistics. Institute of Sta-
tistics of Turkey 2018;. www.tuik.gov.tr.

16. Cagan E, Kokten K. A Research on the Evaluation of the
Cereal Species as Roughage, Ege Univ. Journal of Agr Fac
2019; 56: 221-229.

17. Giiriik M, Ozen N. Feed value of cactus and cactus silage.
Turk J Vet Anim Sci 2004; 28: 633—639.

18. Pinos-Rodriguez JM, Velasquez-Blanco JC, Gonzalez-
Munoz SS, Garcia-Lopez JC, Aguirre-Rivera JR, Barcena
R. Evaluation of cactus pear (Opuntia ficus-indica) as for-
age in a high concentrate total mixed ration on finishing
lambs. J. Appl. Anim. Res 2007; 32:161-164.

19. Chiteva R, Wairagu N. Chemical and nutritional content of
Opuntia ficus-indica (L). African Journal of Biotecnology
2013; 13:3309-3312.

20. Gebreegziabher Z, Tsegay BA. Efficacy of cactus pear
(Opuntia ficus - indica) varieties as a source of food and feed
in Endamehoni dictrict, Northern Ethiopia. Ajfand 2015;
15: 10406-10427.

21. Rodrigues AM, Pitacas FI, Reis CMG, Blasco M. Nutri-
tional value of Opuntia ficus indica cladodes from Portu-
guese ecotypes. Bulgarian Journal of Agricultural Science
2016; 22: 40-45.

22.Feugang MJ, Konarski P, Zou D, Stintzing FC, Zou C.
Nutritional and medicinal use of Cactus pear (Opuntia
spp.) cladodes and fruits. Frontiers in Bioscience 2006;
11:2574-2589

23. Kuti OJ. Antioxidant compounds from four Opuntia cactus
pear fruit varieties. Food Chem.2004; 85(4): 527-533.

24. Tesoriere-Butera D, Pintaudi AM, Allegra M, Livrea MA.
Supplementation with cactus pear (Opuntia ficus-indica)
fruit decreases oxidative stress in healthy human: A com-
parative study with vitamin C. Am. J. Clin. Nutr.2004;
80:391-395.

25. Siriwardhana N, Shahid, F, Jeon YJ. Potential antioxidative
effects of cactus pear fruit (Opuntia ficus-indica) extract on
radical scavenging and DNA damage reduction in human
peripheral lymphocytes. J. Food Lipids 2006; 13:445-458.

26. Gallegos-Infante JA, Rocha-Guzman N., Gonzalez-
Laredo RF, Reynoso-Camacho R, Medina-Torres L,
Cervantes-Cardozo V, Effect of air flow rate on the



Progress in Nutrition 2021; Vol. 23, N. 4: €2021313

polyphenols content and antioxidant capacity of convec-
tive dried cactus pear cladodes (Opuntia ficus indica) Int. J.
Food Sci. Nutr. 2009: 2:80-87.

27. Livrea MA, Tesoriere L. Antioxidative effects of cactus pear
[Opuntia ficus-indica (L) Mill] fruits from Sicily and bio-
availability of betalain components in healthy humans. Acta
Horticult 2009; 811:197-204.

28. Retamal N, Duran JM, Fernandez J. Seasonal variations of
chemical composition of prickly pear (Opuntia ficus-indica).
Journal Science of Food and Agriculture 1987;38: 303-311.

29. Rodriguez-Felix A, Cantwell M. Developmental changes in
composition and quality of prickly pear cactus cladodes (no-
palitos). Plant Foods Hum. Nutr 1988; 38:83-93.

30. Stintzing FC, Schieber A, Carle R. Phytochemical and nu-
tritional significance of Cactus Pear. Eur. Food Res.h and
Technol.2001;212:396—407.

31. Tegegne F. Nutritional value of Opuntia ficus - indica as
a ruminant feed in Ethiopia. In: Cactus (Opuntia spp.) as
forage. FAO Plant Production and Protection Paper 169.
FAO 2001; 91-99.

32. Gabremariam T, Melaku S, Yami A. Effect of different levels
of Cactus (Opuntia ficus indica) inclusion on feed intake, di-
gestibility and body weight gain in tef (Eragrostis tef) straw
based feeding of sheep. Anim. Feed Technol 2006; 131:43-52.

33.Hernandez-Urbiola MI, Contreras-Padilla M, Pérez-
Torrero E, Hernandez-Quevedo Rojas-Molina JI, Cortes
ME, Rodriguez-Garcia. Study of Nutritional composition
of different maturity stages. The open Nutritional J 2010;
4:11-16.

34. Turker N, Coskuner Y, Ekiz HI, Aksay S, Karababa E. Ef-
fect of fermentation on the stability of yellow - orange pig-
ments extracted from cactus pear (Opuntia ficus - indica).
Eur. Food Res. Technol. 2001;212:213-216.

35. Anonymous. Meteorological data. General Directorate of
Meteorological Service 2020.

36. AOAC. Official method of analysis. 15th edt. Association
of official analytical chemists Washington DC 1990; 66-88.

37.Van Soest PJ, Robertson JD, Lewis BA. Methods for di-
etary fibre, neutral detergent fibre and non-starch polysac-
charides in relation to animal Nutrition. J of Dairy Sci 1991;
74:3583-3597.

38. Van Dyke NJ, Anderson PM. Interpreting a forage analysis.
Circular ANR 2000; 890.

39. SAS. SAS 9.4 User’s Guide. SAS Inst.2014.

40.De Kock GC. Drought resistant fodder shrub crops in
South Africa. International Livestock Centre for Africa
1980; 399-408.

41.Rekik M, Ben Salem H, Lassoued N, Chalouati H,

Ben Salem I. Supplementation of Barbarine ewes with

spineless cactus (Opuntia ficus-indica) cladodes during late
gestation-early suckling: effects on mammary secretions,
blood metabolites, lamb growth and postpartum ovarian ac-
tivity. S Ruminant Research 2010: 90: 53-57.

42.Erol A, Akbay F, Uslu 08, Kizilsimsek M, Gedik O, Kaya
AR. Determination of feed value of Opuntia ficus indica
L. cladots. International Agricultural Congress, 2018;. 270.

43. Taylor RW. Hay Sampling and Grading. Cooperative Ex-
tension University of Delaware. Available online at: http://
ag.udel.edu/extension/agnr/1995.

44, Costa RG, Trevino IH, Medeiros GR, Pinto TF, Loliveira R.
Effects of replacing corn with cactus pear (Opuntia
ficus-indica Mill) on the performance of Santa Inés lambs.
S Ruminant Research 2012; 102: 13-17.

45. Tegegne F, Kijora C, Peters K. Study on the optimal level
of cactus pear (Opuntia ficus-indica) supplementation to
sheep and its contribution as source of water. S Ruminant
Research 2007; 72: 157-164.

46. Vilela MS, Ferreira MA, Azevedo M, Modesto EC, Farias
I, Guimaries AV, Bispo SV. Effect of processing and feed-
ing strategy of the spineless cactus (Opuntia ficus-indica
Mill.) for lactating cows..Animal Behavior Science 2010;
125:1-8.

47. Andrade-Montemayor HM, Cordova-Torres AV, Casca
TG, Kawas JR. Alternative feed for small ruminants in
semiarid zones, the case of Mesquite.(S Ruminant Research
2011; 98: 83-92.

48. Nobel PS. Eco physiology of Opuntia ficus-indica. In Cac-
tus (Opuntia spp) as Forage, (Eds) Mondragon-Jacobo C
and Perez- Gonzalez S. FAO Plant Production and Protec-
tion Paper 169. Food and Agriculture Organization of the
United Nations 2001.

49. Agikgoz E. Forage Crops. Uludag University ] 2001; 584.

50.Kidambi SP, Matches AG, Griggs TC. Variability for Ca,
Mg, K, Cu, Zn and K/(Ca+Mg) ratio among 3 wheat
grasses and sainfoin on the southern high plains. ] of Range
Management 1989; 42: 316-322.

51. Anonymous. Nutrient requirements of beef cattle. N.A.S.
Washinton D.C 171;. 55.

Correspondence

Adem EROL, Department of Field Crops,
Faculty of Agriculture,

Kahramanmaras Sutcu Imam University,
Kahramanmaras, Turkey

E-mail: aerol@ksu.edu.tr



