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Effect Of Pasteurization Timeto the Physical Characteristics, Antioxidant Properties,Flavanoid Content and Microbiological Aspect of Frozen Pitaya Pulp
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ABSTRACT

	Red pitaya fruit consider as attractive colour fruits since it contains bright dark colour with good taste. Many products can be produced from red pitaya such as confectionery, beverage, powder and bakery products. The attractive colour and the nutritional content possess in pitaya contribute to the acceptance of the products. The study was conducted to evaluate the best pasteurization time on the physical, antioxidant capacity, flavonoid content and microbiological aspect of pitaya pulp before being used in food formulations. Three treatments were 1 min (T1), 2 min (T2) and 3 min (T3) of pasteurization time and no treatment consider as control (T0). 3 min pasteurization time showed the highest in DPPH, FRAP and TPC compared to other treatments. It might be the longer time will convert the compound into other molecules which contribute to its antioxidant capacity. Meanwhile, the treatment done influence the viscosity and colour characteristic of the pitaya pulp. Pasteurizationbreaks the cell wall of the pulp and liberate out more active compounds in the medium. Therefore, 3 min pasteurization time is sufficient to control the appearance, enhance the active components and safety of the fruit pulp produced. 
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1. INTRODUCTION

Pitaya commonly called as dragon fruit is not native to Malaysia. The fruit was introduced in the country 30 years ago and nowadays has become a promising cultivated crop. Originally, pitaya is native to tropical and subtropical forest regions of Latin America. In Malaysia, the cultivation of pitaya is exploited commercially and contribute to the increase of farmers economy. The fruit is promising and gaining popularity with the most grown pitaya in Malaysia are red fleshed skin and white fleshed skin. Their unique shape, aroma, taste, colour and its nutritional values are main factors contribute to the fruits acceptance and commercially grown in Malaysia. Currently, the fruit can be eaten raw or used to beverages and confectioneries. Pitaya is loaded with nutrients, including vitamins, dietary fiber, betalain, organic acids, amino acid, and carbohydrates, which food manufacturers have taken advantage in developing pitaya-based products (Hua et al., 2018: Kim et al, 2011; Jeronimo et al., 2017). Moreover, the attractive natural colour of pitaya is precious since the contemporary consumers demand for food with no artificial colouring (Amchova et al., 2015; Belhadj et al., 2017). Moreover, the pharmaceutical and culinary sectors have employed the natural colour pigments of pitaya as a colouring agent.
The phytochemicals in pitaya, including polyphenols, flavonoids, and vitamin C, are crucial for the fruit's antioxidant function (Esquivel et al., 2007; Nurliyana et al., 2010). Several health advantages linked to their bioactive chemicals including anti-inflammatory, antidiabetic, antioxidant, anti-bacteria and anti-cancer have led to an increase in their food consumption all over the world (Cheok et al., 2020; Poolsup et al., 2017). The growing environmental circumstances has influenced the nutritional compositions and phytochemical characteristics of pitaya (Nurul and Asmah, 2014).  A study by Abd Hadi et al. (2012) revealed that the glucose found in pitaya aids in controlling blood sugar levels in type 2 diabetic patients. More interesting, eating pitaya fruit has capable to lower levels of total cholesterol (TC), triglycerides (TG) and low-density lipoprotein cholesterol (LDL-C), while increasing high density lipoprotein cholesterol (HDL-C).
In order to overcome the potential problems caused by an imbalance between production and the fruit demand throughout the year, production of pitaya fruit into pulp will assist fruit farmers to manage products deemed unmarketable because of poor product quality or excessive production. Pitaya is processed to ensure microbial safety and extend shelf life. Fruit’s nutritional and sensory qualities can be preserved by proper processing techniques and reduce the issues related to enzymatic browning and microbial contaminations [Lan et al, 2023). Pasteurization is the technique of choice before aseptically packaging and storing under refrigerated conditions.
Food manufacturers also can provide new ingredients which can increase product diversity and enable product to be more nutritious and healthier for consumption. However, the addition of new ingredients influences the acceptance in terms of physical and nutritional values of the product. Therefore, this study was conducted to identify the antioxidant properties of frozen pitaya pulp without jeopardizing their appearance, so that the pulp can be incorporated in various promising food products. Due to the significant demand for pitaya or local and international market, home growers and large-scale plantations may find it as profitable investment to engage in this activity. (Ref.  ?)

2. material and methods 


2.1 Sources of Raw Materials
Fully ripened pitaya fruits were collected from farmer’s farm in Sepang, Selangor, Malaysia. The fruits were then stored at room temperature after arriving at Food Science and Technology Research Centre, MARDI before processed.
2.2 Sample Preparation
Upon arrival to the laboratory, pitaya fruits were cleaned using washer for 15 minutes, peeled, and sliced before being grounded using a heavy-duty grinder (Panasonic MX-900M) into the fine particles. All fruits were pasteurized at 800C for different time namely, A) 1 min(T1), B) 2 min (T2) and C) 3 min (T3). The fruit pulps were kept in metalized aluminium and immediately blast freeze before being kept in freezer (-180C) prior to analysis. Raw pitaya pulp was also prepared the same way as described above, but without pasteurization as control sample (T0).
2.3 Determination of pH, Total Soluble Solid And Viscosity
The pH of the fruit pulp was determined using a bench top pH meter (Metrohm Model,744, Herisau, Switzerland). The total soluble solid (TSS) content of fruit pulp was determined using a refractometer with a digital thermometer (ATAGO Co. Ltd., Tokyo, Japan) at 20◦C. Meanwhile, the viscosity of fruit pulp was determined using vibro viscometer at 250C (Model SV-10, A&D Company Limited, Japan). All measurements were done in triplicate.
2.4 Determination of colour
Colour of the fruit pulp was measured using a reflectance colorimeter (Minolta, CM 3500d, Minolta, Osaka, Japan). Surface colour of fruit pulp was measured using the L*, a*, b* scales for the top (central and outer parts) which indicate the lightness, red to green and yellow to blue, respectively. Before analysis, the instrument was calibrated with standard black and white tiles. The mean values of three replicates were reported for L*, a* and b*.
2.5 Determination of Total Phenolic Content And Antioxidant Activity 
The total phenolic content was assayed using the Follin-ciocalteu calorimetric method with slight modification (Shen et al. 2009). The DPPH free-radical scavenging capacity was evaluated according to the procedure of (Somaratne et al., 2017) with some modifications. The FRAP analysis was evaluated according to the procedure of (Lim et al. 2007) with some modifications.
2.6 Determination of Total Flavonoid Content  
The total flavonoids content was determined by the aluminium chloride colourimetric method described by Khan et al. (2013) and Fadhilah and Izzreen (2021). 5 mL of diluted material was mixed with 0.3 mL of aluminium chloride at a concentration of 10%. After 6 mins, 2 mL of sodium hydroxide (1 M) and 2.4 mL of distilled water were added to the mixture. Finally, the absorbance was measured at 510 nm after 30 mins. By using a standard curve, the TFC was determined according to the formula and given as milligrams of quercetin equivalents per gram of extract (mg QE/g). The TFC determination using a quercetin standard (0-0.1 mg/mL).
Total flavonoid content (TFC) =  R x DF x V / W
Where: 
R = x value obtained from the standard curve,
DF = Dilution factor, 
V = Total volume of sample used
and W = Weight of sample used for extraction


[bookmark: _Hlk74922176]2.7 Microbiology Analysis
Microbiological examination (total plate counts, yeast and mould, coliforms count and Escherichia coli (E.coli) was carried to all the fruit pulps. Duplicate samples (about 10 g) were taken and analyzed separately. Samples were placed in sterile stomacher bags and homogenized with 90 ml Ringer’s solution using a laboratory blender (Seward Stomacher Model 400, UK). From the homogenate, serial dilutions were prepared in Ringer’s solution, and each dilution was poured into duplicate plates. Total plate counts (TPC) were determined by poured plate methods using standard Plate Count Agar (PCA) (APHA, 2001). All plates were incubated at 37 °C for 48 h. The microbes were counted and expressed as log cfu/g sample. Yeast and mould counts were determined by the same method using Potato Dextrose Agar (PDA). All plates were incubated at 32 °C for 72 h. The microbes were counted and expressed as log cfu/g sample. Total coliforms and E. coli in the homogenate were estimated by Most Probable Number (MPN) method (AIFST, 1997). All tubes were incubated at 37 °C and examined after 24 hrs and up to 48 hrs for gas.
2.8 Statistical Analysis
Result was expressed as the mean ± standard deviation. Data obtained was statistically analysed using analysis of variance (ANOVA) and the Duncan Multiple range test by SPSS Predictive Analytics Software Statistics (PASW) version 19.0 (SPSS Inc, Chicago, Illinois) (SPSS Inc., 2009). All the measurement was carried out in triplicate (n= 3) analysis. Significant level established at P ≤ 0.05.	Comment by Dr.Nariman: Only mentioned the step of triplicate  here not said with each measurement 

3. results and discussion

3.1 pH, Total Soluble Solid, Viscosity and Colour
pH, total soluble solid (TSS), viscosity and colour characteristics of frozen pitaya pulp are presented in table 1. The average value of pH in pitaya pulp in the range of 4.43 to 4.49, respectively. Pasteurization degrade and decompose some of organic acids such as malic acid that predominant acid in the fruit. (Liaotrakoon, 2013). pH of the pulp was reduced in line with the increasing pasteurization time given to the product. The given heat treatment can degrade the pectin that subsequently alter the pH value. Furthermore, the ph increase in treated samples might have occurred due to several factors such as enzymatic reactions, chemical reactions ,microbial  and decompose of some acidic compounds. 
Table 1 shows a gradual increase in the TSS of pitaya pulp from 13.8 to 14.8 0Brix. However, the increment was not significant difference p>0.05 among the treatments. Treated samples exhibited relatively stable TSS value and agreed with study by Li and Padilla (2021) reported that TSS of grape puree was unchanged by heat treatment. The increase in TSS of thermally pasteurized juice was also reported by Hameed et al. (2019). Pasteurized pulp showed higher soluble solids content than unpasteurized pulp, which may be associated with the evaporation of water from the pulp during the heat treatment. The increase in TSS during storage might be due to the hydrolysis of sugars and degradation of pectic substances present in the fruit juice. Highly soluble content is important, because less sugar will need to be added and less time will be required for the water to evaporate. 
Raw or unpasteurized pulp is naturally high in polysaccharides mainly pectin which contribute to its viscosity. The thermal pasteurization exhibited an increase in viscosity in line with TSS for all treatments. The findings show that, viscosity value in a pasteurized pulp is increasing and dependent on the duration of the heat treatment at constant temperature. Pasteurization did not significantly alter pH and TSS, in line with previous study conducted by Mandha et al. (2023), however significantly affected viscosity and colour. Moreover, pasteurization increased L*, a* and b* showing more brighter and more intense pulpcolour. The drastic increased in brightness values for pasteurised samples compared to unpasteurized. More importantly, no significant decrease in pH observed after pasteurization, therefore maintaining the taste and flavour profile of pulp. The colour profile is still effective. 
Table 1. Physical characteristics of frozen pitaya pulp
	Treatment/
Parameter
	T0 control
	T1 (pasteurize 1 min)
	T2 (pasteurize 2 min)
	T3 (pasteurize 3 min)

	pH 
	4.43±0.01a 
	4.45±0.02a
	4.48±0.02a
	4.49±0.02a

	Total soluble solid(0Brix)
	13.8±0.40a
	14.1±0.60a
	14.6±0.30a
	14.8±0.30a

	Viscosity (mpa.s)
	50.75±0.42c 
	63.12±0.37b
	74.23±0.79b
	82.3±0.26a

	Colour (L*) 
	26.25±0.09b
	26.05±0.03b
	27.06±0.02a
	27.86±0.05a

	Colour (a*) 
	14.99±0.09b
	15.55±0.01b
	16.06±0.01a
	16.01±0.02a

	Colour (b*) 
	-0.78±0.05d
	1.11±0.02c
	1.85±0.03a
	1.97±0.03b


* Different letters indicate significant difference at the level of p<0.05 between data in the same row

[bookmark: _Hlk216377805]3.2 Total Phenolic Content and Antioxidant Activity 
Table 2 shows the changes in DPPH radical scavenging activity of control and pasteurized samples. The DPPH radical scavenging activity of the pasteurized pulp was significantly lower immediately after treatment for 1 min and 2 min pasteurization. The decreasing trend is likely due to the heat-induced degradation of heat-sensitive bioactive compounds which are responsible for antioxidant activity. However, after 3 min of pasteurization the DPPH (2,2-diphenyl-1-picrylhydrazyl) scavenging activity increase primarily due to the heat-induced release of bound phenolic compounds and the formation of new antioxidant compounds through reactions like the Maillard reaction. Antioxidant capacity of pomegranate juice was increased due to bioactive compounds such as flavonoid and phenolic (Farahmand et al., 2017; Benjamin et al., 2020).
The increasing trend of Ferric Reducing Antioxidant Power (FRAP) resulted from the release of bound phenolic compounds and the inactivation of oxidative enzyme.  Many studies have reported that moderate heating might increase quantities and with enhanced bioavailability of compounds possessing antioxidative effects (Al-juhaimi et al., 2018; Castro et al., 2020). The combination of processing strategies with the specific biochemical composition already in pulp could generate the exact effect. Pasteurization can increase the total phenolic compound as results shows in Table 2. This increase might be attributed to the heat treatment given that break down cell wall components and then liberating bound phenolic compounds. The pasteurization of jambolan fruit pulp also showed an increase in gallic acid levels compared to unpasteurized sample that could be attributed to the breaking down of covalent bonds and resulted in the release of the compound into the medium (Branco et al., 2016). The thermal treatment also can liberate bound phenolics and increase the total phenolic content after the processing. Some components might be degraded by pasteurization, however improve the availability of others and can generate new compounds mainly through reactions such as Maillard reactions (Jeong et al., 2004). The oxidation and degradation of phenolic compounds contributed by many factors such as variety, cooking method, temperature and time which influence compound stability (Rickman et al., 2007).
Table 2. Antioxidant activity and total phenolic content of frozen pitaya pulp
	Treatment/
Parameter
	T0 (control)
	T1 (pasteurize 1 min)
	T2 (pasteurize 2 min)
	T3 (pasteurize 3 min)

	DPPH(% absorption)
	81.08±0.32b
	75.82 ±0.84d
	78.88 ±0.26c
	83.60 ±0.33a

	FRAP (mg FESO4 Eq/100 g)
	230.50 ±1.57c
	231.02 ±5.05c
	250.94 ±11.86b
	268.24±2.71a

	TPC (mg GA Eq/100 g)
	40.02 ±1.68b
	41.23 ±0.60b
	42.45 ±0.62b
	46.75 ±1.68a


* Different letters indicate significant difference at the level of p<0.05 between data in the same row
[bookmark: _Hlk216378059]3.2 Total Flavonoid Content 
Figure 1 shows a significant increase in total flavonoid content of pitaya pulp pasteurize for 1, 2 and 3 minutes due to liberation of the bioactive compounds. It was known that bioactive compounds are bound to insoluble polymers by covalent bonds and heating thus released the bound phenolics in food. These findings exhibited in higher antioxidant properties indicated by significantly increased antioxidant activity and flavonoid content (Lou et al, 2014; Maghsoudlou et al., 2019). Pasteurization can break down cellular components and covalent bonds making them more detectable and bioavailable in assays. For instance, studies on other fruits have observed an increase in specific compounds like gallic acid and quercetin after thermal processing. The retention of flavonoid compounds might be due to the heat induced inactivation of oxidative enzymes polyphenol oxidase (PPO) which responsible for degradation of flavonoids (Morales-de La Peña et al., 2010).


* Different letters indicate significant difference at the level of p<0.05 between data in the same column
Fig. 1. Total flavonoid content of frozen pitaya pulp

[bookmark: _Hlk216378120]3.3 Microbiology Assay 
In the present work, the microbiological quality of pitaya pulp was within acceptable limits as both total plate count (TPC) and yeast and mould (YMC) were below 6.00 log. The untreated samples (T0) mean initial counts of TPC and YMC were 2.00 log CFU/mL, respectively. A microbiological limit of 6.00 log CFU/mL is normally applied since food spoilage could occur at this level (Patrignani et al., 2009; Alam et al., 2023). Therefore, the microbiological quality of pitaya pulp in all treatments was within acceptable limits which the count of all analyses conducted was below 6.00 log. The pulp is highly perishable regarded as an unstable food matrix that require preservation techniques to be processed, stored and become food ingredients in the food production chain. Factors such as microbial contamination, oxidation and enzymatic activity can drastically degrade its quality and safety (Jalgaonkar et al., 2022). A high TPC and YMC value indicates a shorter storage for the pulp, as it may contain many bacteria that contribute to spoilage.  Yeast and moulds could grow in pitaya pulp even at acidic conditions due to its acidophilic nature.  At the same time, YMC and spoilage bacteria found on the unclean fruits would be harmful if consumed without any treatments (Mengistu et al, 2022). These findings suggested that pasteurization can enhance the safety and quality of pitaya pulp compared to untreated sample.




Table 3. Microbiological analysis of frozen pitaya pulp
	Sample Description
	Total plate count 
(CFU/g)
	E. coli
(CFU/g)
	Total coliform
(CFU/g)
	Total yeast &mould
(CFU/g)

	Control (T0) 
	3.0 x 102
	<1.0 x 10
	<1.0 x 10
	8.0 x 102

	Pasteurize 1 min (T1)
	<1.0 x 10
	<1.0 x 10
	<1.0 x 10
	<1.0 x 10

	Pasteurize 2 min (T2) 
	<1.0 x 10
	<1.0 x 10
	<1.0 x 10
	<1.0 x 10

	Pasteurize 3 min (T3)
	<1.0 x 10
	<1.0 x 10
	<1.0 x 10
	<1.0 x 10




4. Conclusion

Pitaya can consider as nutrient dense fruit and among popular fruit in the world. The processing parameter with proper packaging has support the fruit pulp to retain its physical characteristics and antioxidant properties for long term storage. Due to these factors, the pulp can be incorporated into wide variety of food product without artificial colouring added and contains a lot of nutrients. Pasteurization for 3 min is sufficient to produce fruit pulp with enhanced appearance and active components and safe to consume or being include as raw materials in food formulations. Hence, the fruit growers are able to increase the plantation since the fruit is important both economically and nutritionally. 
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