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Abstract 

Mangifera odorata (kuini) is a potential source of antioxidant. As a seasonal fruit and 

easily perishable after harvesting, production of kuini pulp was a common practice to 

overcome this problem. Steaming treatment were involved in the production of kuini pulp 

before being stored at -18°C. These thermal treatment and storage are challenging due to 

the fact that it can induce changes of antioxidants properties of kuini pulp. Thus, this study 

evaluated the effect of steaming processing and frozen storage on the total phenolic 

content (TPC) and antioxidant activity (AOA) measured by ferric reducing antioxidant 

power (FRAP) and DPPH radical scavenging activity (RSA) method of M. odorata (kuini) 

pulps. Overall, a significant difference was observed for TPC and AOA for steaming kuini 

pulp compared to control samples. Steaming processing significantly increased the TPC 

and AOA of the kuini pulps (p < 0.05). Significant relationships (p < 0.05) were identified 

between total phenolics and total antioxidant activities. Storage at -18°C significantly 

affected the TPC and AOA of the frozen kuini pulp samples. After 12 months storage of 

all frozen kuini pulp samples, phenolics content was decreased up to 34%; the reducing 

power value decreased up to 50%, and DPPH RSA decreased up to 35% of the initial 

value. Steam blanching is recommended to enhance the phenolic content and the 

antioxidant but, frozen storage at -18°C cannot preserve the phenolic content and the 

antioxidant of kuini pulp. 

1. Introduction 

Fruits deliver numerous health benefits to the human 

body because they are important sources of 

phytochemicals in the human diet, especially 

polyphenols that possess high antioxidant capacity. 

Antioxidants are substances that can prevent or slows 

damages to cells caused by free radicals, molecules that 

the body produces as a reaction to environmental and 

other pressures. Consumption of fruit is one of the best 

methods to provide protection against cardiovascular 

disease (CVD), several common types of cancer, and 

other chronic diseases (Serafini, 2006). Besides 

antioxidants, it is also rich in vitamins and minerals. 

Other than that, fruits are an excellent source of soluble 

dietary fiber that can help in smooth bowel movements.  

Generally, more than 370 species of fruits can be 

found in Malaysia and 16 species are classified as 

primary fruits, while the rest are new or rare fruits, which 

also referred to as underutilized fruit species 

(Norlidawati and Nik Rozana, 2016). Majority of the 

fruits in the group were new or rare fruits which refer to 

underutilized group and 16 species of primary fruits. 

Most of the important underutilized fruits are indigenous.  

In Malaysia, Mangifera odorata is one of the 

common underutilized fruits. M. odorata or locally 

known as kuini belonged to the family Anacardiaceae. 

The fruit emits fragrance smell, light orange in color and 

juicy sweet when ripe. Among 14 Mangifera species that 

been found in Malaysia, there are four common and 

widespread species being cultivated in all the 11 states 

throughout the country. These 4 species are Mangifera 

indica (mangga), M. odorata (kuini), M. foetida (bacang) 

and M. caesia (binjai) (Salma et al., 2010). Previous 

researches on different parts of Mangifera fruits showed 

that members of this genus have the potential to act as 

antioxidant. Even though many studies have been 

focused on antioxidant properties of commercial mango 

(M. indica), antioxidant properties of M. odorata were 

also been studied by Khoo et al. (2008) Mirfat et al. 

(2016) and Nur Fatimah et al. (2019). However, to the 

best of our knowledge none of these studies report the 
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effect of thermal processing treatment (steaming) on 

polyphenol content and antioxidant properties of kuini 

fruits.  

Kuini was not widely grown and rarely found in the 

market since not cultivated commercially. Due to that 

fact, fans of these fruits are looking forward to the 

season that only available once a year. A short ripening 

season of this fruits lasting only a few weeks requiring 

their use as processed fruits in the off-season. Other than 

that, kuini are highly perishable and difficult to store in 

the fresh form, thus it could easily deteriorate within a 

few days after harvest. To preserve this perishable fruit, 

some processing methods can be applied along with 

enhancement of nutritional properties and sensorial 

quality. Fruit pulp is the most basic food product 

obtained from fresh fruit processing. It can be cold stored 

for long periods and commercially processed into value-

added products such as juices, ice creams, sweets, jellies 

and etc.  

In this study, the production of kuini pulp involving 

steam blanching technique at different processing time 

before being frozen at -18°C for further use. Some 

studies have shown that thermal treatment, including 

steaming, will decrease antioxidant components and 

antioxidant activities. However, in contrast, other studies 

reported that thermal treatment increases the total 

phenolic content and radical scavenging abilities of 

vegetables (Kim et al., 2013). 

Therefore, the purpose of this study was to 

investigate the effect of steaming treatment of frozen 

kuini pulps in the content of total phenolics (TPC) and 

the antioxidant activity (AOA). This study was also to 

evaluate the changes of TPC and AOA of frozen kuini 

pulps during 12 months of storage. Apart from that, the 

obtained result will be used to determine the optimal 

steam blanching time for processing kuini pulp. 

 

2. Materials and methods 

2.1 Chemical and reagents  

Methanol AR Grade, Hydrochloric acid 6.0 N, Gallic 

acid, Trolox, 2,2-diphenyl-picrylhidrazine (DPPH) and 

2,4,6-Tris (2-picryl)-s-triazine (TPTZ) from Sigma 

(Germany), sodium carbonate anhydrous and sodium 

acetate 3-hydrate brand Bendosen, Folin ciocalteau 

reagent from Ajax Finechem, glacial acetic acid and iron 

(III) chloride hexahydrate from Merck (Germany).  

2.2 Processing frozen kuini pulp  

M. odorata (kuini) were obtained from MARDI 

Sintok, Kedah. Kuini fruits were sorted according to the 

freshness and no physical damage to undergo processing 

treatment. All selected fruits were rinsed with water 

using a washer for 15 mins in order to remove all the soil 

and sand that attached to the surface before being 

drained. Then, the fruits were placed on a tray in a steam 

cooker covered with lid and steamed over boiling water 

at 3 different steaming times (5, 10, and 15 mins). The 

fresh fruit without steaming treatment was used as a 

control for this study. The samples rapidly cooled in ice. 

After cooled, kuini skin was peeled off and the flesh was 

grounded using a laboratory grinder to produce kuini 

pulps (KP). The studied KP was known as KPC (kuini 

pulps control), KP5 (kuini pulps steaming for 5 mins), 

KP10 (kuini pulps steaming for 10 mins), and KP15 

(kuini pulps steaming for 15 mins). All the KP were then 

undergoing pasteurization at 90°C for two minutes 

before 100 g of each studied KP being packed in an 

aluminium bag and frozen at a temperature -18°C prior 

analysis. It was stored at the same temperature for 12 

months. The initial analysis of the total phenolic content 

(TPC) and antioxidant activity (FRAP and DPPH 

methods) of frozen KP was performed within 48 hrs of 

being packed which considered as 0 months samples. 

Then, frozen KP was taken out of storage at 2, 4, 6, and 

12 months for the same analysis. A schematic diagram of 

processing kuini fruits was illustrated as in Figure 1. 

2.3 Determination of dry matter content 

The moisture content of samples was determined in 

Figure 1. Schematic diagram of processing kuini fruits 
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triplicate using the method of AOAC (1990). The 

homogenized sample (5 g) was placed in a 105°C hot air 

convection oven (Mermet ULM 800, Germany) until the 

sample reached a constant weight. Then, the dry matter 

content, which is necessary for calculations were 

calculated from the obtained moisture value.  

2.4 Extraction of samples  

The kuini pulp underwent extraction with distilled 

water at a ratio of 1 to 20 (w/v). Each mixture was 

placed in a centrifuge tube and continuous shaking for 1 

hr. The mixture was then centrifuged at 8,500 × g for 10 

mins using Sigma 2-16K (Sartorius). The supernatant 

was filtered through Whatman No. 541 filter paper 

(Maidstone, UK) to obtain a clear extract. The filtrates 

were assayed for their total phenolic content (TPC) and 

antioxidant activity assay (AOA), as described below. 

All experiments were run in triplicate. 

2.5 Determination of total phenolic content (TPC) 

Total phenolic in all samples was determined with 

Folin-Ciocalteau assay (Singleton and Rossi, 1965) by 

using gallic acid as a standard phenolic compound. The 

fresh weight of each sample was converted into dry 

weights on the basis of the moisture content. Briefly, 1 g 

of samples were dissolved in 20 mL of distilled water, 

then 50 μL of appropriately extracts solutions and 

standard gallic acid solutions (12.5, 25.0, 50, 100, and 

200 μg/mL) were mixed with 50 μL of distilled water in 

a well of 96-well plate, then 100 μL of Folin-Ciocalteau 

reagent solution (prediluted 10-fold with distilled water) 

was added. After 6 mins, 100 μL of 7.5% (w/v) Na2CO3 

was added and mixed gently. The reaction mixture was 

kept in dark for 2 hrs and its absorbance was measured at 

765 nm against distilled water as a blank solution using 

the microplate reader. The TPC was expressed as mg 

gallic acid equivalents (mg GAE/g dry weight) which 

were determined from known concentrations of gallic 

acid standard. Data were reported as a mean ± standard 

deviation for three replications.  

2.6 Ferric Reducing Antioxidant Power (FRAP) assay 

The ferric reducing antioxidant power (FRAP) assay 

was performed as previously described by Benzie and 

Strain (1996). This method was developed to measure 

the ferric reduction ability of plasma at a low pH. When 

the ferric 2,4,6-tripyridyl-s-triazine complex (Fe3+-

TPTZ) is reduced to the ferrous form (Fe2+-TPTZ), an 

intense blue color is developed. Briefly, The FRAP 

reagent was prepared by mixing 10 volumes of 300 mM 

acetate buffer (pH 3.6), with one volume of 10 mM 

TPTZ in 40 mM HCl and with one volume of 20 mM 

FeCl3·6H2O and the mixture then incubated at 37°C for 

at least 10 mins. A total of 20 μL of extract solution and 

80 μL of distilled water were added to 200 μL of freshly 

prepared FRAP reagent in a well of 96-well plate. After 

eight min, the absorbance was read using a microplate 

reader at 593 nm against reagent blank, which was 

prepared by the same procedure described above except 

that extract solution was substituted by 20 μL of water. 

The FRAP value was calculated and expressed as 

milligram of trolox equivalents per 100 g of dry weight 

sample (mg TE /100 g dw) based on a calibration curve 

plotted using trolox as a standard at a concentration 

ranging from 12.5 to 200 μg/mL. 

2.7 DPPH free radical scavenging assay  

The hydrogen atom or electron donation ability of 

the corresponding extracts and some pure compounds 

was measured from the bleaching of purple-colored 

methanol solution of DPPH. This spectrophotometric 

assay uses stable radical 2,2-diphenyl-1-picrylhydrazyl 

(DPPH) as a reagent, according to a slightly modified 

method of Lu and Yeap Foo (2000). 100 μL of the 

extracts was added to 200 μL of a 0.007% methanol 

solution of DPPH. After a 40 mins incubation period at 

room temperature, the absorbance was read against a 

blank at 517 nm using a microplate reader. The 

percentage of inhibition of free radical DPPH by the 

extracts was calculated as follow:  

Inhibition (%) = (A blank – A sample / A blank) x 100 

Where A blank is the absorbance of the control 

reaction (containing all reagents except the test 

compound), and A sample is the absorbance of the test 

compound.  

2.8 Spectrophotometric measurements  

All spectrophotometric measurements were taken 

using BIOTEK GEN5 Eon Microplate 

Spectrophotometer (Winooski, Vermont, USA).  

2.9 Statistical analysis  

Each of the measurements described above was 

conducted in triplicate and the mean data ± SD (standard 

deviation) were reported. The data collected were 

statistically analyzed using the Statistical Analysis 

Software (SAS) package (version 9.4 of SAS Institute, 

Inc. Cary, NC, 2008). Statistically significant differences 

(p < 0.05) in the antioxidant properties of the samples 

were determined by one-way analysis of variance 

(ANOVA). Duncan Multiple Range Test (DMRT) was 

used to determine significant differences between the 

means.  

3. Results and discussion 

3.1 Effect of steam processing on total polyphenol 
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content and antioxidant activity of M. odorata (kuini) 

pulp. 

All experimental results of total polyphenolic content 

(TPC) of KP at 3 different steaming times (KP5, KP10 

and KP15) with a comparison of fresh KP without 

steaming as a control sample (KPC) are summarized in 

Figure 2. The highest phenolic content was found in 

KP10 and KP15 at 0 months storage, which had a 

phenolic content of 265.20 and 262.67 mg GAE/100 g 

dry weight respectively (p < 0.05). The same pattern was 

also recorded for both samples at 2, 4, and 12 months of 

storage. No significant difference was observed between 

samples (p > 0.05). However, at 6 months of storage, 

KP15 gives the highest total phenolic content compared 

to others. KPC in all storage months shows the lowest 

phenolic content compared to KP5, KP10, and KP15. 

These results show that the steaming process 

significantly affected (p < 0.05) TPC of KP. 

To assess the effect in the antioxidant capacity of all 

KP samples, two established methods for antioxidant 

activity testing were applied: the FRAP and DPPH 

assays. These two methods were chosen based on their 

efficiency, accuracy, and reproducibility. Both methods 

were already successfully employed in our laboratory for 

the determination of the antioxidant capacity of a wide 

range of food, beverages, herbs, and honey samples. The 

present results showed a good overall correlation 

between the two assays (  = 0.95). All experimental 

results of antioxidant activity (AOA) of KP at 3 different 

steaming time (KP5, KP10, and KP15) with a 

comparison of fresh KP without steaming as a control 

sample (KPC) are summarized in Figures 3 and 4. 

FRAP assay measures the reducing power of a 

potential antioxidant which reduces the ferric ion (Fe3+) 

to the ferrous ion (Fe2+) leading to the formation of a 

deep blue complex (Fe2+/TPTZ). As shown in Figure 3, 

the highest FRAP value was observed for KP10 during 0 

months of storage which gives the value of 204.55 mg 

TE/100g dw. KP10 still exhibited the highest FRAP 

value compared to other samples after 2 and 4 months of 

storage, which give the FRAP value of 185.52 and 

182.85 mg TE/100 g dw, respectively. However, at 6 and 

12 months of storage, the highest FRAP value was 

recorded for sample KP15 (p < 0.05), in which the FRAP 

value was 145.76 and 104.45 mg TE/100 g dw 

respectively. The increase in the FRAP values followed 

the same trend seen for the TPC. As we can see, at each 

of storage months, more than 200% increases were 

observed for KP10 and KP15 in comparison with KPC, 

un-steamed kuini pulp. This result shows that, steaming 

processing significantly increased FRAP value of kuini 

pulp (p < 0.05). 

One of the mechanisms to investigate antioxidant 

activity is to study the scavenging effect on proton 

radicals. In the present study, investigation of the total 

antioxidant capacity was measured as the cumulative 

capacity of the compounds in the sample that can 

scavenge free radicals using the DPPH reaction. The 

presence of antioxidants in the sample leads to the 

disappearance of DPPH radical chromogens, which can 

be detected spectrophotometrically at 517 nm (Abu 

Bakar et al., 2009). The results of the DPPH assays were 

summarized in Figure 4. KP10 was found to possess the 

highest scavenging activity at 0 months storage which 

Figure 2. Total polyphenol content (TPC) of KPC, KP5, KP10 and KP15 for 12 months frozen storage at -18°C. Values are 

expressed as mean±SD, n = 3. Values with different uppercase superscript within the column are significantly different while 

values with different lowercase superscript within the row are significantly different (p < 0.05). GAE: gallic acid equivalent; dw: 

dry weight  
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gives the percentage inhibition of 72.37%. After 2 and 4 

months of storage, KP10 still exhibit the highest 

inhibition percentage, which gives a value of 71.27% and 

71.40% respectively. There were no significant 

differences were observed for KP10 compared to other 

samples at 0, 2, and 4 months of storage (p > 0.05). At 6 

months of storage, KP10 and KP15 were recorded the 

highest percentage inhibition of DPPH (p < 0.05). 

However, KP15 shows the highest percentage inhibition 

of DPPH compared to other samples when storage 

achieved at 12 months. Same with the obtained result for 

TPC and FRAP assay, fresh kuini pulp (KPC) was also 

the lowest radical scavenging activity (p < 0.05).  

Blanching, whether using steam or hot water is an 

important food processing step applied to soften the 

product as well as to inactivate the enzymes that 

otherwise could cause browning (Nayak et al., 2015). On 

the other hand, it also increases food safety by 

microorganism destruction and by antinutritional factors 

inactivation which suitable for long term storage (Preti et 

al., 2017). However, most of the food processing 

including steaming which involved with a thermal 

process is recognized as one of the major factors on the 

destruction or changes of natural phytochemicals, which 

may affect the antioxidant capacity in foods in both 

positive and negative ways. In our study, steaming 

processing on kuini fruits for 5, 10, and 15 mins resulted 

Figure 3. Reducing power value of KPC, KP5, KP10 and KP15 for 12 months frozen storage at -18°C. Values are expressed as 

mean±SD, n = 3. Values with different uppercase superscript within the column are significantly different while values with 

different lowercase superscript within the row are significantly different (p < 0.05). TE: Trolox equivalent; dw: dry weight  

Figure 4. DPPH % inhibition of KPC, KP5, KP10 and KP15 for 12 months frozen storage at -18°C. Values are expressed as 

mean±SD, n = 3. Values with different uppercase superscript within the column are significantly different while values with 

different lowercase superscript within the row are significantly different (p < 0.05).  
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in a significant increment (p < 0.05) of total polyphenol 

content and both antioxidant activity in comparison with 

fresh kuini pulp without steaming process. High 

temperature has positive effects on the polyphenol 

contents and antioxidant activity of kuini fruits. Higher 

polyphenol and antioxidant activities of steaming kuini 

fruits than fresh ones could be due to the increased 

release of bound phenolic compounds in the food 

matrices. Although disruption of cell walls also releases 

the oxidative and hydrolytic enzymes that can destroy 

the antioxidants in fruits and vegetables, thermal 

processing at high temperatures will deactivate these 

enzymes to avoid the loss of phenolic acids (Dewanto et 

al., 2002). 

Our results are also in agreement with those reported 

by Amin and Wee (2005) who observed that the total 

phenolic content of Chinese cabbage increased (p < 0.05) 

after 15 mins of blanching. Talcott et al. (2000) also 

reported that total water-soluble phenolic compounds 

were higher in the case of longer blanching time than 

that of shorter blanching time. Antioxidant properties of 

steaming kuini fruits for 10 and 15 mins were also higher 

compared to steaming for 5 mins which could be due to 

increasing tissue softening and enhanced chemical 

extraction. Blanching/steaming opens up the cell-matrix 

and, therefore, could increase the polyphenols yield 

during extraction that may either enhance or reduce the 

antioxidant activity (Nayak et al., 2015). Another reason 

for improved antioxidant activity could be due to the 

additive and synergistic effects of other phytochemicals 

such as phenolics and flavonoids (Dewanto et al., 2002). 

Correspondingly, the antioxidant activity of the bound 

phytochemical extracts decreased with heating time and 

temperature as more antioxidative phytochemicals were 

presumably released (Dewanto et al., 2002). In addition, 

phenolics usually bound by protein, cellulose or other 

nutrients in food matrices, also decrease their 

bioavailability. However, thermal processing could 

destroy these structures releasing bound phenolics and 

increasing the phenolic contents (Nayak et al., 2015). 

The effectiveness of steam blanching is indicated by 

the complete inactivation of peroxidase. Therefore, 

steam blanching time depends on the dimension of the 

food matrix. For example, blanching time for small size 

products, such as peas, are 1–2 mins, while for larger 

products, such as corn on the cob, is 11 mins (Nayak et 

al., 2015). The longer time required for the temperature 

rise at the cold spot or slowest heating point, normally 

the geometric centre, of a relatively large object such as 

corn on the cob could damage the quality of the kernels, 

whereas shortening the length of blanching time could 

reduce the degree of enzyme inactivation and thus result 

in shorter shelf-life, nutritional and functional value 

(Nayak et al., 2015). 

Palermo et al. (2014) reported that steaming is the 

best thermal processing method to preserve 

phytochemicals in fruits and vegetables. The changes in 

total phenolics after different types of processing have 

been reported previously. A comparison study by Zhang 

et al., (2019) showed that chestnut fruits processed by 

steaming had the highest phenolics and flavonoids 

compared to boiling and microwaving. Steaming and 

other thermal treatments could increase the amount of 

bound phenolics by chemical reactions, as the oxidations 

of o-diphenols to o-quinones give place to polymers and 

pseudo-melanin material causing the browning of the 

vegetal tissue (Zhang et al., 2019). The changes in 

polyphenol content and antioxidant activity could be due 

the to the use of water during processing in the 

microwave and boiling, which may have caused the 

leaching process (Descours et al., 2013) and, 

consequently, there is less retention of the phenolic 

compounds in those two methods. It could suggest that 

the steaming treatment, as did not use water, avoids the 

solubilization process and therefore obtains greater 

retention of these compounds (de Lima et al., 2017).  

3.2 The changes of total polyphenol content and 

antioxidant activity of M. odorata (kuini) pulp during 12 

months storage at -18°C 

As visualized in Figure 2, the storage of kuini pulp 

(KP) had affected TPC. The changes in TPC were 

observed for all tested KP. After 2 months of storage, 

TPC value was decreased significantly (p<0.05) for 

about 25% decrement for all tested samples. For an 

example, as exhibit the highest TPC compared to KP5 

and KP15, KP10 showed a significant decrease of TPC 

from 265.20 mg GAE/100 g dw (at 2 months) to 183.63 

mg GAE/100 g dw after 6 months of storage (about 30% 

decrement). A similar trend was also observed for KPC, 

KP5 and KP15. Overall percentage decrement in the 

TPC for KPC, KP5, KP10 and KP15 after 12 months of 

storage in comparison to the initial value at 0 months of 

storage was ranging from 30 to 36% decrement TPC 

value.  

As reported earlier, among 4 tested samples, KP10 

exhibit the highest FRAP values within each storage 

months (except for 6 and 12 months, which KP15 gives 

the highest value). However, along 12 months of storage 

(Figure 3), a 55% loss in reducing power was detected at 

the end of storage (92.64 mg TE/100 g dw) in 

comparison to the initial value (204.55 mg TE/100 g dw) 

for KP10. KPC, KP5 and KP15 all exhibited significant 

decreases in FRAP values at the end of storage (ranging 

from 40 – 56%). In the present study, all frozen kuini 

pulps showed significant losses in antioxidant capacity 
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measured by the FRAP method at the end of storage (p < 

0.05).  

The changes in DPPH radical scavenging activity 

(RSA) assay of tested KP along 12 months of storage 

was visualized in Figure 4. The losses of the DPPH 

percentage inhibition after 12 months of storage for 

KPC, KP5, KP10, and KP15 in comparison to the initial 

value at 0 months of storage were ranging from 28% to 

38%. However, KPC showed a stable DPPH RSA with 

no significant difference (p > 0.05) were observed at 0, 

2, 4 and 6 months of storage. The decrement of DPPH 

percentage inhibition begins after 6 months of storage. 

For samples that undergo the steaming process, the 

DPPH RSA gives similar decrement pattern for each 

month of storage.  

As we already know, kuini fruits have a very short 

shelf life. Therefore, their shelf life can be extended by 

freezing. In this study, after went steam blanching 

process and grinding to produce pulp, we freeze the pulp 

at -18°C for 12 months. As far as we concern, this is the 

first study that has reported the changes of TPC and 

AOA of kuini pulp during 12 months of frozen storage. 

Therefore, there is no similar study on kuini fruits to be 

compared with this finding. However, the comparison 

was based on treatment and storage study on the other 

fruits and vegetables to discuss the outcome of this 

study. 

This study had shown that steam blanching treatment 

had increased the TPC and AOA of the kuini pulp. 

However, frozen storage of those treated kuini pulps may 

affect the value of the polyphenol content and 

antioxidant activity throughout the year. As shown in 

Figure 2 to 4, a significant decrease (p < 0.05) of 

polyphenol content and antioxidant activity was 

observed in all samples. The freezing process had a little 

effect on the total phenolic content of kuini pulp during 

12 months of frozen storage. As we found in this study, 

polyphenol content was significantly (p < 0.05) 

decreased by more than 30% after 12 months of frozen 

storage for each sample (Figure 2). The possible reason 

behind the decreased in TPC for all kuini pulp samples 

could be oxidation, hydrolysis, or isomerization of the 

polyphenolic compound that take place during long-term 

storage (Šamec and Piljac-žegarac, 2015). This decrease 

might also relate to the increase of polyphenol oxidase 

(PPO) enzyme activity of the kuini pulp. A study by De 

Ancos et al. (2000) demonstrated that PPO enzyme 

activity of raspberry cultivars was changed during 

freezer storage. The losses of phenolic compounds in 

some Saskatoon berry cultivars can be related to 

increases in PPO enzyme activity during storage in these 

fruits (De Ancos et al., 2000). 

Total phenolics content has special importance in 

evaluating the antioxidant quality of fruits. The decrease 

in polyphenol content after 12 months of frozen storage 

was also influence the antioxidant activity of kuini pulp. 

Both assays for antioxidant activity show a significant 

decrease (p < 0.05) after stored for 12 months. About 

50% loss was recorded for reducing power value and 

30% loss of DPPH RSA at the end of storage in 

comparison with 0 months storage. Decrease of 

antioxidant activity during storage can be attributed to a 

decreased level of total phenolics, phenolic acids, 

vitamin C, and other compounds like anthocyanins, 

carotenoids, and flavonoids when the fruits and 

vegetables are stored (Galani et al., 2017).  

These results showed that frozen storage at −18°C 

cannot preserve the phenolic components and antioxidant 

activity of kuini pulp. Same as the result of Poiana et al., 

(2010) they were reported that freezing at -18°C can 

decrease bioactive components of strawberry, sweet 

cherry, and sour cherry juices. The decrease in the 

bioactive compounds was due to water content in the non

-frozen state. The activity and enzymatic reaction rate 

reached maximum values in the layers of liquid water in 

frozen fruits. Perhaps, this phenomenon contributes to 

the modification of chemical compounds, including 

biologically active substances (Poiana et al., 2010). 

 

4. Conclusion 

Steam blanching is known to cause the minimum 

losses in phytochemicals and antioxidant capacity. From 

this research, steaming methods seemed to preserve 

better polyphenol content and antioxidant activity of 

kuini fruits compared to the un-blanched samples, which 

indicated that bioactive compounds in kuini fruits were 

very sensitive to heat treatment. Steam blanching for 10 

and 15 min seemed to preserve better polyphenol content 

and antioxidant activity compared to control and 5 min 

steaming. Control samples (without steaming treatment) 

give the lowest amount of TPC and AOA in all samples 

at each storage month (0, 2, 4, 6, and 12 months). The 

data on total polyphenol were in good agreement with 

both antioxidant activity (r =0.83 for FRAP and r = 0.82 

for DPPH). Our findings revealed that steaming for 10 

min and 15 mins time led to higher phenolic contents and 

antioxidant activity. From the obtained result, we choose 

to steam for 10 mins as the critical point to increase 

phenolic content and antioxidant activity of frozen kuini 

pulp. Meanwhile, it can be concluded that the effect of 

storage in the frozen state significantly affects 

polyphenol content and antioxidant activity in kuini 

fruits. TPC and AOA of all samples show a significant 

decrease (p < 0.05) start after 2 months of storage and 

keep decreasing up to 12 months. Further data collection 
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would be needed to determine the best method to 

preserve the bioactive compound that possesses the 

antioxidant capacity of kuini pulp during storage.  
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