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ABSTRACT INFO
The enhancement population of the world every day brings with it the demand for protein needs. In Received:

our study, it was aimed to identify the utilization potential of red pitahaya fruit obtained from Turkey 14.07.2023
as a natural feed additive. The disc diffusion assay, micro-dilution method for determination of Accepted:
minimum inhibitory (MIC) and minimum bactericidal (MBC) concentration values of the extracts 04.10.2023
were used to identify the biological activity of the extracts from red pitahaya. The red pitahaya pulp

methanol extract against L. garvieae and V. alginolyticus showed 10.61 mm and 7.65 mm of inhibition

zone diameters. The methanol extract of red pitahaya peel has 10.18 mm and 11.25 mm inhibition

zone diameters on L. garvieae and V. alginolyticus. MIC values were determined as 20 pg/ul and 40

pg/ul for pulp methanol extract and as 80 pg/pl and 40 pg/ul for peel methanol extract against L.

garvieae and V. alginolyticus. MBC values of pulp and peel methanol extracts against fish pathogens

were determined as 80 pg/ul. As a result, the red pitahaya extracts may have usage potential as natural

antimicrobial agents or feed additive in aquaculture.
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INTRODUCTION

In parallel with the rapid increment in the human the world's population, the need for animal protein is also
increasing rapidly (Bilgiiven and Can 2018). Although this situation makes it necessary to seek for various
alternative foods, protein sources such as fish are among the important sources that come to mind in Turkey,
which is surrounded by water on three sides (Kocatepe and Turan 2018). Therefore, aquaculture plays a
significant role in meeting the increasing protein food request (Godfray et al. 2010). The spread of diseases
in aquaculture can be caused by poor environmental conditions, including feeding conditions, poor
management, stocking, malnutrition (Quesada et al. 2013). Such conditions can lead to bacterial infections.
Antimicrobial agents should be used in aquaculture for the therapy of contagious diseases. Antibiotics are
used as therapeutic substance in aquaculture (Romero et al. 2012; Quesada et al. 2013). Antibiotics used in
treatment can be found in trace amounts in the animal product consumed. Such antibiotic residues or their
metabolites pose an important threat to human health (Bondad-Reantaso et al. 2023).

Vibriosis is one of the most common and devastating diseases in seafood aquaculture, causing significant
mortality and economic losses in both fish and shellfish cultures worldwide (Frans et al. 2011). V.
alginolyticus is one of the pathogens that cause vibriosis and fish deaths in Mediterranean aquaculture
(Sanches-Fernandes et al. 2022; Balebona et al. 1998; Chen et al. 2000; Cai et al. 2006). L. garvieae is
common in rainbow trout (Oncorhynchus mykiss) causing lactococcosis and can cause great economic losses
(Meyburgh et al. 2017).

Because of their better biodegradability than synthetic materials, plants can also reduce treatment costs or
minimize the possibility of bacteria to develop drug resistance, in addition to their alternative uses to
antibiotics (Reverter et al. 2014; Salikan et al. 2020; Hassan et al. 2020). Pitahaya is a type of climbing
cactus belonging to the genus Hylocereus sp. of the Cactaceae family. Pitahaya's fruit is juicy and delicious
and has gained worldwide recognition (Gunasena et al. 2007; Pannison et al. 2021; Nizamlioglu et al. 2021.
Pitahaya is widely grown in tropical regions around the world. Red pitahaya fruit, which has started to be
cultivated in Turkey (especially in Antalya) in recent years, attracts the attention of consumers with its
different fruit structure and color. It has pharmacological values due to the bioactive components it contains.
It has been reported to help treat obesity, cancer, type 2 diabetes and other metabolic syndromes (Ramli et al.
2014; Nishikito et al. 2023).

The purpose of the study is to obtain the potential of using red pitahaya from Turkey as a natural additive
instead of products containing synthetic additives. In the present study, the potential for use of methanol
extracts of red pitahaya as natural feed additives in aquaculture was determined.

MATERIAL AND METHODS
Red Pitahaya Extraction

The red pitahaya (Hylocereus polyrhizus) was obtained from the production greenhouse in Antalya-Turkey.
Then, the pulp is separated from the peel, and they left to dried. After the grinding process, the powder
obtained from red pitahaya pulp and peel (10 g) were extracted with of 30 ml methanol (99.7%) using a
sonication device on ice for a total of 40 minutes (10 minutes in 2 repetitions) in 2 days. The red pitahaya
extracts were obtained by using a rotary evaporator. The red pitahaya methanol extracts were dissolved in
DMSO (Dimethyl Sulfoxide) and sterilized with sterile filters (0.45 um). They were stored at 4°C throughout
the study. For the study, an average of 300-400 g of fruit was used. The tests were performed in triplicate.

Disc Diffusion Susceptibility Assay

The inhibitory effect of pulp and peel methanol extracts obtained from red pitahaya against Lactococcus
garvieae and Vibrio alginolyticus were determined using disc diffusion susceptibility assay (Murray et al.
2006). L. garvieae and V. alginolyticus test microorganisms were cultured at 25°C for 24 hours in TSB and
TSB/NaCl medium, respectively. The test bacteria were washed with a saline solution (twice). The prepared
bacterial suspension (0.5-McFarland) was inoculated on specific agar medium using spread plate method and
sterile discs (Diameters: 6 mm) were placed on the agar. The red pitahaya methanol extracts prepared at a
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concentration of 200 mg/ml were dripped onto the sterile discs. Kanamycin (K; 30 pg/disc) antibiotic discs
was used as controls for pathogenic microorganism strains. The culture dishes were incubation period for 24
hours at the suitable temperatures indicated previously. Then, the zone of inhibition was measured using
caliper.

Microdilution Method

The minimum inhibitory (MIC) and bactericidal (MBC) concentrations of red pitahaya extracts were
obtained by microdilution method (Chandrasekaran and Venkatesalu 2004). The methanol extracts were
added to liquid medium and diluted by a two-fold serial dilution method to obtain a final concentration of
160-10 pg/ul. The microbial suspension was added to each tube and then incubated under the conditions
required for each microorganism as mentioned above. After incubation, the extract concentration in the tube
without microbial growth was determined according to turbidity and the lowest concentration was recorded
as the MIC value. MBC or MFC values were determined by inoculating samples from the mixture onto agar
medium. The culture dishes were incubation period at the appropriate temperature for 24 hours. The lowest
concentration without eventually growth of incubation was defined as MBC values.

RESULTS AND DISCUSSION

Despite many challenges, production in the aquaculture continues to increase rapidly. Among the difficulties
encountered in production, microbial infections cause serious economic losses (Assefa and Abunna 2018).
Antibiotics used in aquaculture increase the likelihood of residual antibiotics in fish and aquaculture (Cabello
2006). In this context, using plants in aquaculture may provide an alternative solution. Scientific evidence is
increasing on the beneficial effects of plant extracts, which are very rich in natural components, on fish
health and the prevention of epidemic diseases (Reverter et al. 2014). In the present study, antimicrobial
activity of red pitahaya pulp and peel extracts at 4 mg/disc (20 ul) concentration against L. garvieae and V.
alginolyticus was investigated by disc diffusion susceptibility assay (Table 1). The inhibition zone diameters
against L. garvieae and V. alginolyticus in the pulp extract were determined as 10.61 mm and 7.65 mm. In
the peel extract, the inhibition zone diameters were determined as 10.18 mm and 11.25 mm.

Table 1. Disc diffusion susceptibility assay results of red pitahaya extracts
Inhibition zone diameter (mm+SD)

Fish Pathogens Red Pitahaya Extracts Antibiotic
Pulp Peel K

Lactococcus garvieae 10.61+0.51 10.18+1.19 17.39£0.95

Vibrio alginolyticus 7.65+0.09 11.25+0.66 18.27+1.47

*K: Kanamycin

The literature studies of red pitahaya extracts against fish pathogens are limited. In a study conducted in
2014, the antimicrobial activity of Hylocereus polyrhizus core methanol extract obtained in Bangladesh
against Vibrio sp. was determined by the well diffusion method. The diameter of the inhibition zone was
obtained as 10.30 mm (Tahera et al. 2014). The results of our current study indicated that the peel methanol
extract of red pitahaya showed higher antimicrobial activity against V. alginolyticus compared to the core
methanol extract. In our previous study investigating the biological activity of methanol extracts obtained
from white pitahaya pulp and its peel, the results of the disc diffusion test against L. garvieae were
determined as 9.18 mm and 10.34 mm (Celik and Asan-Ozusaglam, 2022). When compared our current
study with our previous study, the antibacterial activity of the red pitahaya fruit methanol pulp extract on the
L. garvieae pathogen was found to be higher than the white pitahaya methanol fruit pulp extract. The red
pitahaya peel extract showed antibacterial activity similar to white pitahaya peel extract against this
pathogen. The red pitahaya fruit contains substances with antibacterial content such as alkaloids (betalain
pigments), flavonoids and vitamin C, and its peel contains flavonoids, alkaloids and terpenoids. Phenolic
compounds can prevent bacterial growth by damaging the cytoplasmic membrane and proteins and can also
inactivate some bacterial enzymes (Amalia et al. 2014). In the current study, the antimicrobial activity of red
pitahaya extracts may be due to these reasons.
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The biological activity of a compound is generally defined as the MIC, the lowest concentration of the
compound capable of inhibiting the growth of the microorganism (Mann and Markham 1998). The MBC is
the lowest concentration that reduces the number of microorganisms in the medium containing the microbial
solution by 99.9 (Kowalska and Dudek 2021). The micro-dilution test results of red pitahaya methanol
extracts against L. garvieae and V. alginolyticus are presented in Table 2. MIC values against L. garvieae
were determined as 20 upg/pl and 80 pg/ul in pulp and peel extracts. Against V. alginolyticus, it was
determined as 40 pg/ul in pulp and peel extract. The MBC values of the red pitahaya pulp and peel extracts
against L. garvieae and V. alginolyticus were determined as 80 pg/pul.

Table 2. Microdilution assay of red pitahaya extracts

. MIC (pg/ul) MBC (ug/pl)
Fish Pathogens Pulp Peel Pulp Peel
Lactococcus garvieae 20 80 80 80
Vibrio alginolyticus 40 40 80 80

Hendra et al. (2019), determined the biological activity of n-hexane and ethyl acetate extracts obtained from
red pitahaya fruit peel against V. alginolyticus by micro-dilution method. The growth inhibition (%) of the
red dragon fruit n-hexane and ethyl acetate extracts were determined as 72.6 and 74.2. It has been suggested
that the differences in antimicrobial activities may be due to the extraction method or may be due to the
solvents used (Fidrianny et al. 2017).

CONCLUSION

As the day pass, the increment in the population leads to an increase in the demand for food. Aquaculture has
become a very important industry to meet the protein food demand. Intensive production conditions cause
microbial infections and serious economic losses are experienced. Antibiotic-added feeds used in aquaculture
pass into the human food chain and cause the formation of antibiotic resistance genes. Therefore, the use of
plant extracts in aquaculture can be an alternative solution. It is known that pitahaya, which is one of the
tropical fruits that has gained popularity especially in our country, is a fruit rich in nutritional value. In our
current study, it was determined that methanol extracts of red pitahaya pulp and peel exhibited good
antimicrobial activity against the tested microorganisms. The study results have the potential to advanced
new literature studies. As a result, it has been reported that red pitahaya extracts may have the potential to be
used as natural feed additives in aquaculture.

ACKNOWLEDGEMENTS

Abstract of this article was presented orally at the symposium "Microorganisms and the Biosphere
(Microbios-2023)” on June 15-16, 2023, Kyrgyzstan.

Conflict of interest

The authors do not declare any conflicts of interest in the study.

Author contribution

All authors have contributed equally.

Ethical approval

During the writing process of the study titled "Biological Activity of Red Pitahaya Extracts on Lactococcus
garvieae and Vibrio alginolyticus™, scientific rules, ethical and citation rules were followed; No falsification

has been made on the collected data and this study has not been sent to any other academic media for
evaluation. Ethics committee approval is not required.

MJAVL Volume 13 (Issue 2) © 2023 https://dergipark.org.tr/en/pub/mjavl
Manas Journal of Agriculture, Veterinary and Life Science is licensed under Attribution-NonCommercial 4.0 International



https://dergipark.org.tr/en/pub/mjavl

137

Celik & Asan-Ozusaglam / Manas Journal of Agriculture Veterinary and Life Sciences 13 (2) (2023) 133-138

REFERENCES

Amalia, S., Wahdaningsih, S., & Untari, E. K. (2014). Antibacterial activity testing of n-hexane fraction of red dragon
(Hylocereus polyrhizus britton & rose) fruit peel on Staphylococcus aureus ATCC 25923. Majalah Obat
Tradisional, 19(2), 89-94. https://doi.org/10.22146/tradmed].8146

Assefa, A., & Abunna, F. (2018). Maintenance of fish health in aquaculture: review of epidemiological approaches for
prevention and control of infectious disease of fish. Veterinary Medicine International. 2018, Article
ID 5432497. https://doi.org/10.1155/2018/5432497

Balebona, M.C., Andreu, M.J., Bordas, M.A., Zorrilla, 1., Morifiigo, M.A., & Borrego, J.J. (1998). Pathogenicity of
Vibrio alginolyticus for cultured gilt-head sea bream (Sparus aurata L.). Applied and Environmental
Microbiology, 64 (11), 4269-4275. https://doi.org/10.1128/AEM.64.11.4269-4275.1998

Bilgliven, M., & Gokhan, C. (2018). Balik yemlerinde balik unu yerine tavuk ununun kullanilma olanaklari. Bursa
Uludag Universitesi Ziraat Fakiiltesi Dergisi, 32 (2), 189-197.

Bondad-Reantaso, M.G., MacKinnon, B., Karunasagar, 1., Fridman, S., Alday-Sanz, V., Brun, E., & Caputo, A. (2023).
Review of alternatives to  antibiotic use in  aquaculture. Reviews in  Aquaculture.
https://doi.org/10.1111/raq.12786

Cabello, F.C. (2006). Heavy use of prophylactic antibiotics in aquaculture: a growing problem for human and animal
health and for the environment. Environmental Microbiology, 8 (1), 1137-1144.
https://doi.org/10.1111/].1462-2920.2006.01054.x

Cai, J., Han, H., Song, Z,, Li, C., & Zhou, J. (2006). Isolation and characterization of pathogenic Vibrio alginolyticus
from diseased postlarval abalone, Haliotis diversicolor supertexta (Lischke). Aquaculture Research, 37 (12),
1222-1226. https://doi.org/10.1111/j.1365-2109.2006.01552.x

Celik, 1., & Asan-Ozusaglam, M. (2022). Investigation of Alternative Use of White Pitahaya: Natural Feed Additive in
Aquaculture. 5th International Eurasian Conference on Biological and Chemical Sciences (EurasianBioChem
2022) November 23-25, 2022 (p. 612-616), Ankara.

Chandrasekaran, M., & Venkatesalu, V. (2004). Antibacterial and antifungal activity of Syzygium jambolanum
seeds. Journal of ethnopharmacology, 91(1), 105-108. https://doi.org/10.1016/j.jep.2003.12.012

Chen, F.R., Liu, P.C., & Lee, K.K. (2000). Lethal attribute of serine protease secreted by Vibrio alginolyticus strains in
kuruma prawn. Penaeus japonicus, Zeitschrift fur Naturforschung C, 55 (1-2), 94-99.
https://doi.org/10.1515/znc-2000-1-218

Fidrianny, 1., llham, N., & Hartati, R. (2017). Antioxidant profile and phytochemical content of different parts of super
red dragon fruit (Hylocereus costaricensis) collected from West Java-Indonesia. Asian Journal of
Pharmaceutical and Clinical Research, 10 (12), 290-294. http://dx.doi.org/10.22159/ajpcr.2017.v10i12.21571

Frans, 1., Michiels, C. W., Bossier, P., Willems, K. A., Lievens, B., & Rediers, H. (2011). Vibrio anguillarum as a fish
pathogen: virulence factors, diagnosis and prevention. Journal of Fish Diseases, 34(9), 643-661.
https://doi.org/10.1111/].1365-2761.2011.01279.x

Godfray, H.C.J., Beddington, J.R., Crute, I.R., Haddad, L., Lawrence, D., Muir, J.F., Robinson, S., Thomas, S.M., &
Toulmin, C. (2010). Food security: the challenge of feeding 9 billion people. Science, 327 (5967), 812-818.
https://doi.org/10.1126/science.1185383

Gunasena, H. P., Pushpakumara, D. K. N. G. ve Kariawasam, M., (2007). Dragon fruit, Underutilized Fruit Trees Sri
lanka, 1, 110-140.

Hassan, N. L., Kam, K. A. R., & Zain, N. A. M. (2020). Isolation of Antibiotic Resistant Bacteria from Rivers in
Kelantan, Malaysia. International Journal of Life Sciences and Biotechnology, 3(3), 291-307.
https://doi.org/10.38001/ijlsb.712542

Hendra, R., Masdeatresa, L., Abdulah, R., & Haryani, Y. (2019). Antibacterial activity of red dragon peel (Hylocereus
polyrhizus) pigment. In Journal of Physics: Conference Series (Vol. 1351, No. 1, p. 012042). IOP Publishing.
DOI 10.1088/1742-6596/1351/1/012042

Kocatepe, D., & Turan, H. (2018). Balik Yaglari, DHA, EPA ve Saglik. Turkiye Klinikleri J Public Health-Special
Topics, 4 (1), 62-7.

Kowalska-Krochmal B., & Dudek-Wicher R. (2021). The Minimum Inhibitory Concentration of Antibiotics: Methods,
Interpretation, Clinical Relevance. Pathogens, 10 (2), 165-186. https://doi.org/10.3390/pathogens10020165

Mann, CM., & Markham, JL. (1998). A new method for determining the minimum inhibitory concentration of essential
oils. Journal of Applied Microbiology, 84 (4), 538-544. https://doi.org/10.1046/].1365-2672.1998.00379.x

Meyburgh, C.M., Bragg, R.R., & Boucher, C.E. (2017). Lactococcus garvieae: An emerging bacterial pathogen of fish.
Diseases of Aquatic Organisms, 123 (1), 67-79. https://doi.org/10.3354/da003083

Murray, P. R., Baron, E. J., Jorgensen, J. H., Landry, M. L., & Pfaller, M. A. (2006). Manual of Clinical Microbiology:
Volume 2 (No. Ed. 9). ASM press.

Nishikito, D.F., Borges, A.C.A., Laurindo, L.F., Otoboni, A.M.B., Direito, R., Goulart, R.D.A., Nicolau, C.C.T.,
Fiorini, A.M.R., Sinatora, R.V., & Barbalho, S.M. (2023). Anti-Inflammatory, Antioxidant, and Other Health
Effects of Dragon Fruit and Potential Delivery Systems for Its Bioactive Compounds. Pharmaceutics, 15 (1),
159. https://doi.org/10.3390/pharmaceutics15010159

MJAVL Volume 13 (Issue 2) © 2023 https://dergipark.org.tr/en/pub/mjavl
Manas Journal of Agriculture, Veterinary and Life Science is licensed under Attribution-NonCommercial 4.0 International



https://dergipark.org.tr/en/pub/mjavl
https://doi.org/10.22146/tradmedj.8146
https://doi.org/10.1155/2018/5432497
https://doi.org/10.1128/AEM.64.11.4269-4275.1998
https://doi.org/10.1111/raq.12786
https://doi.org/10.1111/j.1462-2920.2006.01054.x
https://doi.org/10.1111/j.1365-2109.2006.01552.x
https://doi.org/10.1016/j.jep.2003.12.012
https://doi.org/10.1515/znc-2000-1-218
http://dx.doi.org/10.22159/ajpcr.2017.v10i12.21571
https://doi.org/10.1111/j.1365-2761.2011.01279.x
https://pubmed.ncbi.nlm.nih.gov/?term=Robinson+S&cauthor_id=20110467
https://pubmed.ncbi.nlm.nih.gov/?term=Thomas+SM&cauthor_id=20110467
https://doi.org/10.1126/science.1185383
https://doi.org/10.38001/ijlsb.712542
https://doi.org/10.3390/pathogens10020165
https://doi.org/10.1046/j.1365-2672.1998.00379.x
https://doi.org/10.3354/dao03083
https://doi.org/10.3390/pharmaceutics15010159

138

Celik & Asan-Ozusaglam / Manas Journal of Agriculture Veterinary and Life Sciences 13 (2) (2023) 133-138

Nizamlioglu, N. M., Unver, A., & Kadakal, C. (2021). Mineral content of pitaya (Hylocereus polyrhizus and
Hylocereus undatus) seeds grown in Turkey. Erwerbs-Obstbau, 63, 209-213. https://doi.org/10.1007/s10341-
021-00561-x

Panisson, D., Marques, N. K., de Souza, F. B. M., Neto, J. C. M., Freire, A. ., & de Aradjo, N. O. (2021). Growth and
initial development of pitaya white (Hylocereus undatus) and red (Hylocereus monacanthus) in the city of
Araguaina-TO. Research, Society and Development, 10, 14.

Quesada, S.P., Paschoal, J.A.R., & Reyes, F.G.R. (2013). Considerations on the aquaculture development and on the
use of veterinary drugs: special issue for fluoroquinolones—a review. Journal of Food Science, 78 (9), R1321-
R1333. https://doi.org/10.1111/1750-3841.12222

Ramli, N.S., Brown, L., Ismail, P., & Rahmat, A. (2014). Effects of red pitaya juice supplementation on cardiovascular
and hepatic changes in high-carbohydrate, high-fat diet-induced metabolic syndrome rats. BMC
Complementary and Alternative Medicine, 14 (1), 1-10. http://www.biomedcentral.com/1472-6882/14/189

Reverter, M., Bontemps, N., Lecchini, D., Banaigs, B., & Sasal, P. (2014). Use of plant extracts in fish aquaculture as
an alternative to chemotherapy: current status and future perspectives. Aquaculture, 433, 50-61.
https://doi.org/10.1016/j.aquaculture.2014.05.048

Romero, J., Feijod, C.G., & Navarrete, P. (2012). Antibiotics in aquaculture use, abuse and alternatives. Health Environ
Aquacult, 159, 159-198.

Salikan, N. A., ZAIN, N. A. M., & Kam, K. A. R. (2020). Isolation of Antibiotic Resistant Bacteria from Rivers in
Terengganu, Malaysia. International Journal of Life Sciences and Biotechnology, 3(3), 241-257.
https://doi.org/10.38001/ijlsb.711948

Sanches-Fernandes, G. M., Sa-Correia, I., & Costa, R. (2022). Vibriosis outbreaks in aquaculture: addressing
environmental and public health concerns and preventive therapies using gilthead seabream farming as a model
system. Frontiers in Microbiology, 13, 904815. https://doi.org/10.3389/fmich.2022.904815

Tahera, J., Feroz, F., Senjuti, J.D., Das, K.K., & Noor, R. (2014). Demonstration of anti-bacterial activity of commonly
available fruit extracts in Dhaka, Bangladesh. American Journal of Microbiological Research, 2 (2), 68-73.
DOI:10.12691/ajmr-2-2-5

MJAVL Volume 13 (Issue 2) © 2023 https://dergipark.org.tr/en/pub/mjavl
Manas Journal of Agriculture, Veterinary and Life Science is licensed under Attribution-NonCommercial 4.0 International



https://dergipark.org.tr/en/pub/mjavl
https://doi.org/10.1007/s10341-021-00561-x
https://doi.org/10.1007/s10341-021-00561-x
https://doi.org/10.1111/1750-3841.12222
http://www.biomedcentral.com/1472-6882/14/189
https://doi.org/10.1016/j.aquaculture.2014.05.048
https://doi.org/10.38001/ijlsb.711948
https://doi.org/10.3389/fmicb.2022.904815

