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Abstract 
Chayote (Sechium edule) is a perennial climbing plant, belonging to the Cucurbitaceae family and is neglected or 
underutilized as a food or as a raw material in the food industry because of its bland taste. This bland taste can be 
overcome by blending with a suitable substrate such as sugarcane juice along with natural flavouring. However, this 
blending represents a preservation problem for the spiced juice, since both chayote juice and sugarcane juice are prone 
to microbial attack. Therefore, an attempt was made in the present study to preserve the spiced chayote juice by 
employing different hurdles i.e. pasteurization temperature (70 °C and 80 °C) and pasteurization time (10 and 20 min) 
followed by the addition of different concentrations of potassium metabisulphite (KMS) (200, 300 and 400 ppm). The 
samples so prepared were filled into glass bottles and stored under refrigeration for forty-five days. As the storage period 
proceeded there were significant decreases in pH, total protein content, total phenolic compounds, antioxidant activity, 
reducing power, metal chelation, tannin content, ascorbic acid content and overall acceptability, whereas there were 
significant increases in TSS (total soluble solids), titratable acidity, reducing sugars, total sugar, TPC (total plate count) and 
MIC (minimum inhibitory concentration). A cluster analysis of the data revealed that the pasteurization temperature 
exerted the most significant effect on the physicochemical and sensory characteristics of the spiced chayote juice as 
compared to the pasteurization time and KMS concentration, which failed to fall into the separate and respective clusters. 
In a nutshell, it was concluded that spiced chayote juice can be successfully preserved using hurdle technology 
(pasteurizing at 70 °C for 10 min followed by the addition of 400ppm KMS). 

Keywords: Chayote; Spiced chayote juice; Pasteurization temperature; Pasteurization time; KMS; Hurdle technology. 

Resumo 
Chuchu (Sechium edule) é uma trepadeira perene da família das Cucurbitaceae que está ignorada ou subutilizada 
como alimento ou como uma matéria-prima na indústria de alimentos, devido ao seu gosto brando. Este gosto 
brando pode ser superado fazendo misturas com um substrato apropriado, como caldo de cana e algum 

https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0002-6038-6123
https://orcid.org/0000-0001-6315-5710


Preservation and evaluation of spiced chayote juice using hurdle technology 
Sangma, C. et al. 

 

Braz. J. Food Technol., Campinas, v. 22, e2018122, 2019 | https://doi.org/10.1590/1981-6723.12218 2/14 

flavorizante natural. Contudo, esta mistura seria um problema para a preservação, desde que ambos − o suco de 
chuchu e o caldo de cana − são susceptíveis ao ataque microbiano. Portanto, neste estudo, foi feita uma tentativa 
de preservar o suco de chuchu com especiarias pelo emprego de diferentes barreiras, isto é, a temperatura de 
pasteurização (70 °C e 80 °C) e o tempo (10 e 20 min), seguidas pela adição de diferentes concentrações de 
metabissulfito de potássio (KMB) (200, 300 e 400 ppm). As amostras foram embaladas em vidros e armazenadas 
sob refrigeração para quarenta e cinco dias. Com o avanço do tempo de armazenamento, houve decréscimos 
significantes nos valores de pH, proteína total, compostos fenólicos totais, atividade antioxidante, poder redutor, 
quelação de metais, conteúdo de taninos, ácido ascórbico e na aceitação geral, e aumentos significantes em SST 
(sólidos solúveis totais), acidez titulável, açúcar redutor, açúcar total, contagem total em placas (TPC) e a 
concentração mínima inibitória. Uma análise de cluster dos dados revelou que a temperatura de pasteurização 
causou o efeito mais significante nas características físico-químicas e sensoriais do suco de chuchu com especiarias, 
quando comparada com o tempo de pasteurização e a concentração de KMB, que deixou de cair nos clusters 
separados e respectivos. Foi concluído que o suco de chuchu com especiarias podia ser preservado com sucesso 
através da tecnologia de barreiras, com pasteurização a 70 °C por 10 min seguida pela adição de 400 ppm de KMB. 

Palavras-chave: Chuchu; Suco de chuchu com especiarias; Temperatura de pasteurização; Tempo de 
pasteurização; KMB; Tecnologia de barreiras.   

1 Introduction 
India is well-known for its food and beverage industry which continues to expand rapidly. This growth 

can be attributed to changing demographics, growing disposable income, urbanization and growth of the 
retail industry. Freshly pressed juice provides a truly natural answer to all the requirements of a soft drink: 
thirst quenching, fresh, healthy, flavorsome, nutritional and, of course, natural. Juice production is only a 
success if it can be stored for a prolonged period without becoming spoiled. The shelf life study of food and 
beverages is of utmost importance from the viewpoint of industrial application. The quality of juice during 
and after storage depends on processing and storage procedures followed to enhance its characteristic flavor 
(Hussain et al., 2011). 

Chayote is an underutilized vegetable belonging to the gourd family or Cucurbitaceae. The fruit is a rich 
source of fibre, starch, minerals and vitamins, but it has a high moisture content which reduces its shelf life 
and must therefore be processed for its preservation (Mishra & Das, 2015). It is undoubtedly being used for 
human consumption in many countries (Hernandez-Uribe et al., 2011) as a vegetable and is consumed in 
many different forms (boiled, fried, steamed, stuffed, baked, salad, pickle etc). Due to its phytochemical 
potential, it has been reported to possess many health benefits such as the prevention of cardiovascular disease 
(Maity et al., 2013; Lombardo-Earl et al., 2014), chronic kidney diseases (Firdous et al., 2012; Mumtaz et 
al., 2012), cancer (Aguiñiga-Sánchez et al., 2015), overweight and obesity (Maity et al., 2013) and the 
maintenance of the blood sugar level (Maity et al., 2013) etc. Moreover, the antimicrobial activity of its juice 
enhances its health-related properties (Álvarez-Ordóñez et al., 2009) but it remains underutilized due to its 
bland taste. This problem was overcome by blending it with sugarcane juice, salt, mint and coriander extracts 
in an earlier attempt (Sangma et al., 2018), but the unavoidable obstacle of its preservation remained, since 
both chayote and sugar cane juices are prone to microbial attack and require the use of different preservation 
technologies such as high temperature, low temperature or chemical preservatives (Sankhla et al., 2012). 
However, the retention of the phytochemical potential of the juice is another great challenge and hence the 
use of hurdle technology is the only option to solve these problems. 

Hurdle technology (combining more than one preservation approach) is a method of ensuring the 
elimination or control of pathogens throughout preservation (Leistner & Gould, 2012; Sankhla et al., 2012; 
Rawat & Pokhriyal, 2014). Depending on the foods, numerous hurdles have been used in the food industries 
to preserve foods and amongst these the most influential hurdles are low or high temperatures, modified 
atmosphere storage, preservatives and competitive microorganisms. These have already been used by 
different researchers for the preservation of different juices i.e., sugarcane, strawberry, carrot, celery and 
beetroot juices (Sankhla et al., 2012; Profir & Vizireanu, 2013; Wisal et al., 2013). 
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Pasteurization is a heat treatment which relies on the principle that most harmful bacteria can be killed by 
heat (Frazier & Westhoff, 1988). Numerous studies have been carried out using heat treatment to improve the 
overall quality of various food products and increase their shelf lives. The pasteurization temperature greatly 
affects the sensory stability with regard to appearance, aroma, flavour and overall impression. Also, an increase 
in temperature results in greater stability and a gain in product  shelf-life (Kunitake et al., 2014). However, it 
also kills virtually all of the beneficial bacteria while severely compromising the nutrient quality, leading to a 
“dead food” (Gao & Rupasinghe, 2012). The complex nutrients and microscopic compounds and antioxidants 
responsible for much of the healing powers are destroyed or severely compromised. Chemical preservatives are 
used to improve the microbiological stability in beverage industries to extend the shelf-life. Sulphites i.e., 
sulphur-containing compounds have been used for centuries to reduce or prevent spoilage thereby enhancing 
the flavour and preserving the freshness of fruit juices. However, in recent years sulphites, as well as sorbates 
and benzoates, have been associated with allergic reactions in some people, especially in asthma sufferers 
(Ashurst & Hargitt, 2009). Also, a high KMS concentration in the juice can lead to decreased acceptability of 
the juice as it may impart a pungent smell to the juice (Talasila et al., 2012). Thus, all the ingredients used in 
beverages should be used within the limits as approved by the regulatory bodies (Kregiel, 2015). 

The above literature presents strong evidence to support the existence of health risks associated with the 
overutilization of preservatives. Also, high temperature processing for a long time can deteriorate the 
phytochemical potential of the juice. Moreover, it is clear from the literature that chayote is a nutritious vegetable 
and has a lot of medicinal value, as well as being multipurpose and high yielding, but it nevertheless remains 
neglected. Therefore, the present study aimed to use different hurdles with a view to this vegetable being used to 
produce a valuable product and hence improve its popularity as a highly nutritious vegetable worldwide. 

2 Material and method 

2.1 Preparation and preservation of spiced chayote juice 

Raw chayote fruits were obtained from Himachal Pradesh, India and the mint, coriander and fresh 
sugarcane juice were obtained from the local market in Jalandhar, India. The spiced chayote juice was 
prepared using chayote juice (62.5%), herbal extract (1%), sugarcane juice (35%) and a salt mixture (1.5%) 
(Sangma et al., 2018). The beverage so prepared was filled into steam sterilized bottles and pasteurized at 
70 °C and 80 °C for 10 and 20 minutes, respectively. Different concentrations of KMS i.e., 200, 300, 400ppm, 
were then added to the bottles, followed by crown corking and storage under refrigeration (4 °C) for 45 days. 
Table 1 shows the details of the treatments with the different combinations of hurdles. The samples so 
prepared were analysed for the various physicochemical and sensory quality characteristics at 15 day 
intervals. In order to study the effect of multiple replicates on the quality characteristics of the spiced chayote 
beverage, each combination was prepared and preserved three times under the same conditions. 

2.2 Physicochemical analyses 

The total soluble solids (TSS), titratable acidity and pH of the blended beverages were determined as per the 
standard methods (Association of Official Analytical Chemistry, 1984). The reducing and total sugars were 
determined according to the Lane and Eynon method as described by Ranganna (1986). The total proteins were 
estimated using Lowry’s method as described by Sadasivam & Manickam (1992). The total phenolic compound 
content was determined by the modified Folin-Ciocalteau method (Sadasivam & Manickam, 1992). The ascorbic 
acid content of the beverage was estimated by titration with 2,6-dichlorophenol-indophenol dye solution 
(Association of Official Analytical Chemistry, 1984). The free radical scavenging activity of the prepared 
beverages was determined by the 2, 2-diphenyl-2-picryl hydrazine (DPPH) inhibition method (Brand-Williams et 
al., 1995). The tannin content was determined by the Folins- Denis method (Ranganna, 1986). The reducing power 
of the juice was estimated using the standard procedure as described by Oyaizu (1986). The metal chelating ability 
of the juice was estimated by the Dinis et al. (1994) method. 



Preservation and evaluation of spiced chayote juice using hurdle technology 
Sangma, C. et al. 

 

Braz. J. Food Technol., Campinas, v. 22, e2018122, 2019 | https://doi.org/10.1590/1981-6723.12218 4/14 

2.3 Microbiological analyses 

2.3.1 TPC Determination 

The total plate count was carried out using nutrient agar and potato dextrose agar, aseptically inoculating 
0.1 g of serially diluted samples into standard plate count agar medium prepared according to Ranganna 
(1986). An aliquot (0.1 mL) of the sample after serial dilution (10-2, 10-4, 10-6 and 10-8) was aseptically 
inoculated into pre-sterilized plates followed by pouring the total plate count agar (20-25 mL) in a sterilize 
environment produced by laminar air flow. The plates were then incubated at 37°C for 24-48 h prior to 
counting the colonies (bacteria, yeasts and moulds). The results of the total plate count (TPC) were expressed 
as x 106 CFU/g of sample. 

2.3.2 Determination of MIC 

The minimum inhibitory concentration (MIC) was determined by agar well diffusion. Serial dilutions of each 
extract (1mg/ml) in DMSO were prepared to obtain a 0.1-0.9mg/ml concentration range. A 100µl aliquot of 
each dilution was introduced into wells in the nutrient agar plate pre-inoculated with the test bacteria strain. The 
extracts were allowed to diffuse at room temperature before incubation at 37 °C for 24 hours (Jamil et al., 2012). 

2.4 Sensory analysis 

A nine-point hedonic scale was used (Amerine et al., 1965; Joshi, 2006) for the sensory evaluation of the 
spiced juice after the different storage intervals. Prior to the sensory analysis, the judges were familiarized 
with the different treatments of the spiced chayote juice and the hedonic scale in a training session. The panel 
of 10 semi-trained judges i.e., faculty members and post-graduate students of the Department of Food 
Technology and Nutrition, Lovely Professional University, was selected with care to evaluate the spiced 
chayote juice for its sensory parameters (colour, consistency, taste and overall acceptability). Efforts were 
made to maintain the same panel for the sensory evaluations throughout the entire study period. The samples 
were presented to the judges, and plain water also provided to rinse out their mouths between the evaluation 
of samples. The tests were carried out using a 9-point hedonic scale, where 9 was ‘liked extremely’ and 1 was 
‘disliked extremely’. 

2.5 Statistical analysis 

The data obtained for the physicochemical, sensory and microbiological properties of the blended chayote 
juice were analysed using GraphPad Prism (La Jolla, CA, USA) (version 5.01) software and the results 
expressed as the means  ±  SEM. Differences between the means were tested for statistical significance using 
a 2-way ANOVA followed by the Bonferroni post hoc test. The significance level was set at 5% (P < 0.05) 
for all calculations. A cluster analysis of the data was also carried out using SPSS 16.0 software to obtain the 
relationship between the different treatments and the physicochemical attributes; and also a comparative 
comprehensive overview of the spiced chayote juice during storage. 

3 Results and discussion 

3.1 Effect of the variables on the quality parameters 

Of all the variables under study, the TSS (total soluble solids), pH, titratable acidity and overall 
acceptability were selected as the quality parameters. Due to the effects of the different treatments i.e., 
pasteurization temperature, time and sulphur dioxide concentration, the TSS of the spiced chayote juice 
varied from 9.3°B (T1) to 10.5°B (T12) on day 0 of storage (Table 1). The highest TSS for T12 might be due 
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to the longer pasteurization time and higher temperature, since more heat results in more loss of water, 
increasing the solutes concentration and leading to the increase in TSS in T12, whereas the lowest value 
might be due to the shorter pasteurization time and lower temperature in T1 (Chakrabortya & Athmaselvi, 
2014). It is clearly visible from Table 1 that with the advance of the storage time, a gradual increase in TSS 
was observed for all treatments, which might be due to the breakdown of the polysaccharides into 
monosaccharides and oligosaccharides (Wisal et al., 2013), although it could also be due to the conversion 
of carbohydrate and acid into sugar. Kayshar et al. (2014) also reported the same changes in a mixed squash 
made from papaya, banana and carrot. A similar trend of a slight increase in total soluble solids with storage 
was also reported by Durrani et al. (2010) in apple pulp. 

The titratable acidity of the spiced chayote juice varied from 0.57% (T1) to 0.99% (T3, T6 and T12) on 
day 0 of storage (Table 1). It was observed that with the advance of the storage time there was a gradual 
increase in titratable acidity, which might also have been due to the degradation of sugars into carboxyl acids, 
or due to the degradation of pectin into pectinic acid during storage (Riaz et al., 1989). Another explanation 
for the increase in acidity could be the fact that the concentration of weakly ionized acids and their salts 
increases during storage (Hashem et al., 2014). The pH of the spiced chayote juice varied from 4.60 (T12) to 
4.99 (T4) on day 0 of storage (Table 1). A change in pH with the advance of storage can be seen in Table 1, 
where the gradual decrease in pH might be due to the increase in acidity of the juice. These results were also 
in agreement with those of Kayshar et al. (2014) for a papaya, banana and carrot mixed juice. The overall 
acceptability of the juice varied from 6.4 (T7) to 7.5 (T1) on day 0 of storage (Table 1). The decreases in 
overall acceptability with the advance of storage might be due to the increase in acidity on storage, the 
decrease in flavour and the loss of colour of the juice during storage due to browning (Wisal et al., 2013). 

Table 1. The effect of the variables on the quality parameters of the chayote blended juice after different storage 
periods (day 0, day 15, day 30 and day 45). 
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.0
1ha

 

4.
58

 ±
 0

.0
1eb

 

4.
57

 ±
 0

.0
2ec

 

6.
9 

± 
0.

1fa
 

6.
7 

± 
0.

2fb
 

6.
5 

± 
0.

5fc
 

5.
5 

± 
0.

5fd
 

T11 

10
.3

 ±
 0

.2
ka

 

10
.5

 ±
 0

.4
ja
 

10
.8

 ±
 0

.3
kb

 

11
.2

 ±
 0

.2
kc

 

0.
97

 ±
 0

.0
2ka

 

0.
98

 ±
 0

.0
1ka

 

1.
03

 ±
 0

.0
3kb

 

1.
07

 ±
 0

.0
1kc

 

4.
66

 ±
 0

.0
5ja

 

4.
65

 ±
 0

.0
5aa

 

4.
63

 ±
 0

.0
3aa

 

4.
60

 ±
 0

.0
4ab

 

6.
7 

± 
0.

2ga
 

6.
5 

± 
0.

5ga
 

6.
3 

± 
0.

3gb
 

5.
6 

± 
0.

2gc
 

T12 

10
.5

 ±
 0

.5
la
 

10
.6

 ±
 0

.6
ka

 

10
.9

 ±
 0

.1
la
 

11
.3

 ±
 0

.3
lb

 

0.
99

 ±
 0

.0
2la

 

1.
03

 ±
 0

.0
3lb

 

1.
05

 ±
 0

.0
5lc

 

1.
09

 ±
 0

.0
3ld

 

4.
60

 ±
 0

.0
6ka

 

4.
60

 ±
 0

.0
4ia

 

4.
55

 ±
 0

.0
5fa

 

4.
53

 ±
 0

.0
3fb

 

6.
6 

± 
0.

3ha
 

6.
5 

± 
0.

2ha
 

6.
3 

± 
0.

1ha
 

5.
6 

± 
0.

2hb
 

*Mean  ±  SD (n = 3); #Total soluble solids; **Different superscripts in the same column indicate a significant difference (p < 0.05); 
***Different superscripts in the same row indicate a significant difference (p < 0.05). T1:70 °C, 10 min, 200ppm; T2:70 °C, 10 min, 300ppm; 
T3:70 °C, 10 min, 400 ppm; T4:70 °C, 20 min, 200ppm; T5:70 °C, 20 min, 300ppm; T6:70 °C, 20 min, 400ppm; T7:80 °C, 10 min, 200ppm; 
T8:80 °C, 10 min, 300ppm; T9:80 °C,10 min,   400ppm; T10:80 °C,20 min, 200ppm; T11:80 °C, 20 min, 300ppm; T12:80 °C, 20 min, 400ppm. 

3.2 Effect of the variables on the nutritional parameters 

Of all the variables under study the reducing sugar, total sugar, total protein and ascorbic acid contents 
were taken as the nutritional parameters. Due to the effects of the different treatments i.e., pasteurization 

Table 1. Continued… 
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temperature, pasteurization time and sulphur dioxide concentration, the reducing sugar content of the juice 
varied from 0.752% (T1) to 0.586% (T12) on day 0 of storage (Table 2). The results show a significant 
increase in reducing sugar content with increase in storage period (Table 2) probably due primarily to the 
conversion of sucrose into reducing sugars by acids and the hydrolysis of polysaccharides into simple sugars 
(glucose and fructose) (Wisal et al., 2013). The total sugar content of the spiced chayote juice varied from 
6.54% (T12) to 7.05% (T1) on day 0 of storage (Table 2). With the advance of storage, there was an increase 
in total sugar content for all treatments, which might be due to the degradation of complex polysaccharides 
such as pectin into simple sugars. Similar results were reported by Madan & Dhawan (2005) and Lanjhiyana 
et al. (2010) for carrot juice and a lime - ginger blended squash, respectively. 

The total protein content of the spiced chayote juice varied from 138.06 mg/100mL (T1) to 
162.00 mg/100ml (T12) on day 0 of storage (Table 2). It was observed that with the advance of storage, a 
decrease in total protein was observed for all treatments, which might be due to the involvement of non- 
enzymatic browning by way of the interaction with organic acids and sugar (Pareek et al., 2015). The ascorbic 
acid content of the spiced chayote juice varied from 7.55 mg/100mL (T10) to 9.32 mg/100mL (T3) on day 0 
of storage (Table 2) and decreased significantly during storage, which might be due to oxidation by residual 
oxygen, followed by decomposition, which might have accelerated with storage time. These findings are in 
agreement with the studies of Ibrahim (2016). 

Table 2. The effect of the variables on the nutritional parameters of the blended chayote juice after different storage periods. 

T
re

at
m

en
t 

Reducing sugar (%) Total sugar (%) Total protein (mg/100ml) Ascorbic acid (mg/100ml) 

0 15 30 45 0 15 30 45 0 15 30 45 0 15 30 45 

T1 

0.
75

2 
± 

0.
00

2*  a*
*a

**
*  

0.
75

7 
± 

0.
00

4ab
 

0.
76

4 
± 

0.
00

4ac
 

0.
76

7 
± 

0.
00

2ad
 

7.
05

 ±
 0

.0
5aa

 

7.
06

 ±
 0

.0
6aa

 

7.
07

 ±
 0

.0
2aa

 

7.
08

 ±
 0

.0
1aa

 

13
8.

06
 ±

 0
.0

6aa
 

13
6.

26
 ±

 0
.0

6ab
 

13
6.

09
 ±

 0
.0

1ac
 

13
5.

07
 ±

 0
.0

1ad
 

9.
26

 ±
 0

.0
3aa

 

9.
24

 ±
 0

.0
3aa

 

9.
23

 ±
 0

.0
1aa

 

9.
21

 ±
 0

.0
3ab

 

T2 

0.
61

2 
± 

0.
00

6ba
 

0.
61

7 
± 

0.
00

2ba
 

0.
61

9 
± 

0.
00

2bb
 

0.
62

0 
± 

0.
00

1bc
 

6.
95

 ±
 0

.0
3ba

 

6.
97

 ±
 0

.0
2bb

 

6.
99

 ±
 0

.0
3bc

 

6.
06

 ±
 0

.0
2bd

 

13
9.

93
 ±

 0
.0

3ba
 

13
7.

76
 ±

 0
.0

2bb
 

13
7.

54
 ±

 0
.0

2bc
 

13
6.

08
 ±

 0
.0

1bd
 

9.
27

 ±
 0

.0
2ba

 

9.
25

 ±
 0

.0
5ba

 

9.
24

 ±
 0

.0
1ab

 

9.
19

 ±
 0

.0
2ac

 

T3 

0.
60

9 
± 

0.
00

3ca
 

0.
61

2 
± 

0.
00

3ca
 

0.
61

5 
± 

0.
00

5ca
 

0.
61

9 
± 

0.
00

4cb
 

6.
91

 ±
 0

.0
2ca

 

6.
93

 ±
 0

.0
3ca

 

6.
93

 ±
 0

.0
2ca

 

6.
96

 ±
 0

.0
3cb

 

14
1.

34
 ±

 0
.0

4ca
 

13
9.

91
 ±

 0
.0

1cb
 

13
8.

99
 ±

 0
.0

4cc
 

13
8.

97
 ±

 0
.0

4cd
 

9.
32

 ±
 0

.0
1ca

 

9.
28

 ±
 0

.0
1cb

 

9.
25

 ±
 0

.0
1bc

 

9.
21

 ±
 0

.0
1ad

 

T4 

0.
61

5 
± 

0.
00

5da
 

0.
61

8 
± 

0.
00

3da
 

0.
62

1 
± 

0.
00

1db
 

0.
62

3 
± 

0.
00

3dc
 

6.
90

 ±
 0

.0
3da

 

6.
94

 ±
 0

.0
4db

 

7.
00

 ±
 0

.0
4dc

 

7.
04

 ±
 0

.0
4dd

 

14
3.

00
 ±

 0
.0

3da
 

14
0.

00
 ±

 0
.0

2db
 

13
7.

00
 ±

 0
.0

2dc
 

13
5.

00
 ±

 0
.0

5dd
 

8.
77

 ±
 0

.0
4da

 

8.
75

 ±
 0

.0
4da

 

8.
73

 ±
 0

.0
2ca

 

8.
71

 ±
 0

.0
3ba
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T
re

at
m

en
t 

Reducing sugar (%) Total sugar (%) Total protein (mg/100ml) Ascorbic acid (mg/100ml) 

0 15 30 45 0 15 30 45 0 15 30 45 0 15 30 45 

T5 

0.
60

9 
± 

0.
00

4ea
 

0.
61

3 
± 

0.
00

3ea
 

0.
61

6 
± 

0.
00

2eb
 

0.
61

8 
± 

0.
00

1ec
 

6.
87

 ±
 0

.0
2ea

 

6.
90

 ±
 0

.0
3eb

 

6.
92

 ±
 0

.0
2ec

 

6.
95

 ±
 0

.0
2ed

 

14
5.

00
 ±

 0
.0

4ea
 

14
2.

00
 ±

 0
.0

2eb
 

14
0.

00
 ±

 0
.0

4ec
 

13
8.

00
 ±

 0
.0

2ed
 

8.
79

 ±
 0

.0
1ea

 

8.
76

 ±
 0

.0
2eb

 

8.
74

 ±
 0

.0
1dc

 

8.
72

 ±
 0

.0
1cd

 

T6 

0.
60

4 
± 

0.
00

4fa
 

0.
60

7 
± 

0.
00

4fb
 

0.
61

0 
± 

0.
00

3fc
 

0.
61

3 
± 

0.
00

3fd
 

6.
85

 ±
 0

.0
5fa

 

6.
88

 ±
 0

.0
3fa

 

6.
91

 ±
 0

.0
1fb

 

6.
94

 ±
 0

.0
4fc

 

14
7.

00
 ±

 0
.0

6fa
 

14
4.

00
 ±

 0
.0

4fb
 

14
2.

00
 ±

 0
.0

2fc
 

14
0.

00
 ±

 0
.0

4fd
 

8.
99

 ±
 0

.0
1fa

 

8.
64

 ±
 0

.0
4fb

 

8.
63

 ±
 0

.0
4ec

 

8.
60

 ±
 0

.0
2dd

 

T7 

0.
59

9 
± 

0.
00

2ga
 

0.
60

3 
± 

0.
00

3gb
 

0.
60

6 
± 

0.
00

2gc
 

0.
60

9 
± 

0.
00

4gd
 

6.
70

 ±
 0

.0
4ga

 

6.
74

 ±
 0

.0
4ga

 

6.
78

 ±
 0

.0
1gb

 

6.
83

 ±
 0

.0
3gc

 

14
9.

00
 ±

 0
.0

1ga
 

14
6.

00
 ±

 0
.0

2gb
 

14
3.

00
 ±

 0
.0

3gc
 

14
0.

00
 ±

 0
.0

1gd
 

8.
16

 ±
 0

.0
6ga

 

8.
14

 ±
 0

.0
1ga

 

8.
12

 ±
 0

.0
5fa

 

8.
09

 ±
 0

.0
1eb

 

T8 

0.
59

4 
± 

0.
00

4ha
 

0.
59

7 
± 

0.
00

1ha
 

0.
60

2 
± 

0.
00

4hb
 

0.
60

5 
± 

0.
00

5hc
 

6.
67

 ±
 0

.0
2ha

 

6.
69

 ±
 0

.0
2ha

 

6.
73

 ±
 0

.0
3hb

 

6.
76

 ±
 0

.0
1hc

 

15
4.

06
 ±

 0
.0

3ha
 

15
3.

09
 ±

 0
.0

1hb
 

15
2.

09
 ±

 0
.0

1hc
 

15
2.

05
 ±

 0
.0

4hd
 

8.
23

 ±
 0

.0
2ha

 

8.
14

 ±
 0

.0
4hb

 

8.
11

 ±
 0

.0
2gc

 

8.
09

 ±
 0

.0
2fd

 

T9 

0.
59

2 
± 

0.
00

2ia
 

0.
59

5 
± 

0.
00

5ib
 

0.
59

8 
± 

0.
00

1ic
 

0.
60

0 
± 

0.
00

2id
 

6.
64

 ±
 0

.0
4ia

 

6.
67

 ±
 0

.0
3ia

 

6.
72

 ±
 0

.0
1ib

 

6.
74

 ±
 0

.0
4ic

 

15
6.

00
 ±

 0
.0

3ia
 

15
4.

00
 ±

 0
.0

4ib
 

15
2.

00
 ±

 0
.0

2ic
 

15
0.

00
 ±

 0
.0

1id
 

8.
27

 ±
 0

.0
2ia

 

8.
25

 ±
 0

.0
2ia

 

8.
24

 ±
 0

.0
2hb

 

8.
21

 ±
 0

.0
2gc

 

T10 

0.
59

1 
± 

0.
00

1ja
 

0.
59

4 
± 

0.
00

4jb
 

0.
59

7 
± 

0.
00

2jc
 

0.
59

9 
± 

0.
00

4jd
 

6.
60

 ±
 0

.0
2ja

 

6.
63

 ±
 0

.0
5jb

 

6.
66

 ±
 0

.0
3jc

 

6.
69

 ±
 0

.0
3jd

 

15
8.

02
 ±

 0
.0

1ja
 

15
5.

00
 ±

 0
.0

5jb
 

15
3.

00
 ±

 0
.0

3jc
 

15
0.

00
 ±

 0
.0

3jd
 

7.
55

 ±
 0

.0
1ja

 

7.
53

 ±
 0

.0
1jb

 

7.
51

 ±
 0

.0
4ic

 

7.
49

 ±
 0

.0
3hd

 

T11 

0.
58

9 
± 

0.
00

3ka
 

0.
59

3 
± 

0.
00

3kb
 

0.
59

6 
± 

0.
00

3kc
 

0.
60

0 
± 

0.
00

3kd
 

6.
57

 ±
 0

.0
3ka

 

6.
59

 ±
 0

.0
1ka

 

6.
62

 ±
 0

.0
2kb

 

6.
65

 ±
 0

.0
1kc

 

15
9.

04
 ±

 0
.0

1ka
 

15
8.

06
 ±

 0
.0

3kb
 

15
5.

02
 ±

 0
.0

1kc
 

15
3.

05
 ±

 0
.0

4kc
 

7.
56

 ±
 0

.0
2ka

 

7.
54

 ±
 0

.0
1ka

 

7.
52

 ±
 0

.0
1jb

 

7.
47

 ±
 0

.0
2ic

 

T12 

0.
58

6 
± 

0.
00

1la
 

0.
58

9 
± 

0.
00

2lb
 

0.
59

2 
± 

0.
00

2lc
 

0.
59

5 
± 

0.
00

5ld
 

6.
54

 ±
 0

.0
4la

 

6.
56

 ±
 0

.0
3la

 

6.
60

 ±
 0

.0
4lb

 

6.
63

 ±
 0

.0
3lc

 

16
2.

00
 ±

 0
.0

2la
 

16
0.

00
 ±

 0
.0

4lb
 

15
8.

00
 ±

 0
.0

4lc
 

15
4.

00
 ±

 0
.0

4ld
 

7.
65

 ±
 0

.0
3la

 

7.
53

 ±
 0

.0
3lb

 

7.
51

 ±
 0

.0
2kc

 

7.
46

 ±
 0

.0
1jd

 

*Mean  ±  SD (n = 3); **Different superscripts in the same column indicate a significant difference (p < 0.05); ***Different superscripts in the 
same row indicate a significant difference (p < 0.05). T1:70 °C, 10 min, 200ppm; T2:70 °C, 10 min, 300ppm; T3:70 °C, 10 min, 400 ppm; 
T4:70 °C, 20 min, 200ppm; T5:70 °C, 20 min, 300ppm; T6:70 °C, 20 min, 400ppm; T7:80 °C, 10 min, 200ppm; T8:80 °C, 10 min, 300ppm; 
T9:80 °C,10 min,   400ppm; T10:80 °C, 20 min, 200ppm; T11:80 °C, 20 min, 300ppm; T12:80 °C, 20 min, 400ppm. 

Table 2. Continued… 
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3.3 Effect of the variables on the phytochemical attributes 

Of all the variables under study, the total phenolic compound, antioxidant, reducing power, metal chelation 
and tannin contents were selected as the phytochemical attributes. Due to the effect of the different treatments 
i.e., pasteurization temperature, pasteurization time and sulphur dioxide concentration, the total phenolic 
compound content of the spiced chayote juice varied from 27.24 mg/100ml (T1) to 32.91 mg/100mL (T12) on 
day 0 of storage (Table 3). The data revealed that with the advance of storage, there was a decrease in the total 
phenolic compound content for all treatments, which might be due to the decrease in some individual 
polyphenolic compounds since they are water soluble compounds and sensitive to oxidation, which results in 
their degradation during storage (Bhattacherjee et al., 2011).The decrease in the total phenolic compound 
content might also be due to the transformation of some monomeric anthocyanins into polymeric compounds 
(Mgaya‐Kilima et al., 2014). The antioxidant activity of the spiced chayote juice varied from 60.66% (T1) to 
66.49% (T12) on day 0 of storage (Table 3). A decline in antioxidant activity was observed for all treatments 
with the advance of storage, which might be due to the loss of ascorbic acid and total phenolic compounds due 
to oxidation and other reactions (Kapasakalidis et al., 2006; Oszmianski & Wojdylo, 2009). The decrease in 
antioxidant activity may be linked to lower phenolic compound and ascorbic acid contents in the stored juice as 
compared to the fresh juice (Hashem et al., 2014). The tannin content of the juice varied from 0.50 mg/100mL 
(T12) to 0.64 mg/100mL (T3) on day 0 of storage (Table 3) and with the passage of storage time, a decrease in 
tannin content was observed. Similar results were reported by Talasila et al. (2012) for cashew apple juice, who 
suggested that the decrease in tannin content was due to the addition of metabisulphite, which prevents 
browning of the juice. The reducing power and metal chelation of the spiced chayote juice varied from 58.0% 
(T10) to 59.9% (T3) and from 65.07% (T1) to 69.09% (T11 and T12), respectively, on day 0 of storage 
(Table 3). The decrease in reducing power and metal chelation of the juice during storage might be due to the 
decreases in ascorbic acid and phenolic compound contents of the juice, as discussed earlier. 

Table 3. The effects of the variables on the phytochemical attributes of the blended chayote juice after different storage periods. 

T
re

at
m

en
t Total phenolic 

compounds 
(mg/100ml) 

Antioxidant activity 
(%) 

Tannin content 
(mg/100ml) Reducing power (%) Metal chelation (%) 

0 15 30 45 0 15 30 45 0 15 30 45 0 15 30 45 0 15 30 45 

T1 

27
.2

4 
 ±

  0
.0

3*  a*
*a

**
*  

27
.2

3 
 ±

  0
.0

1aa
 

26
.7

1 
 ±

  0
.0

6ab
 

26
.6

9 
 ±

  0
.0

2ac
 

60
.6

6 
± 

0.
06

aa
 

60
.6

1 
 ±

  0
.0

6aa
 

60
.5

9 
 ±

  0
.0

2aa
 

60
.5

7 
 ±

  0
.0

4ab
 

0.
59

  ±
  0

.0
1aa

 

0.
57

  ±
  0

.0
1aa

 

0.
55

  ±
  0

.0
3aa

 

0.
54

  ±
  0

.0
1aa

 

59
.4

 ±
 0

.1
aa

 
 

59
.1

 ±
 0

.1
aa
 

58
.9

 ±
 0

.1
aa
 

58
.7

 ±
 0

.2
ab

 

65
.0

7 
± 

0.
07

aa
 

 
64

.0
9 

± 
0.

01
ab

 

63
.0

6 
± 

0.
02

ac
 

63
.0

7 
 ±

 0
.0

2ad
 

T2 

28
.8

6 
 ±

  0
.0

2ba
 

28
.8

4 
 ±

  0
.0

4ba
 

28
.8

1 
 ±

  0
.0

2ba
 

28
.8

0 
 ±

  0
.0

5ba
 

65
.5

1 
± 

0.
02

ba
 

65
.4

9 
 ±

  0
.0

1ba
 

65
.1

9 
 ±

  0
.0

1bb
 

64
.0

9 
± 

0.
01

bc
 

0.
62

 ±
 0

.0
2ba

 

0.
60

 ±
 0

.0
4ba

 

0.
58

 ±
 0

.0
2aa

 

0.
56

 ±
 0

.0
3ba

 

59
.6

 ±
 0

.2
ba

 
 

59
.3

 ±
 0

.3
bb

 

59
.0

 ±
 0

.1
ac
 

58
.8

 ±
 0

.3
ad

 

65
.7

0 
± 

0.
03

ba
 

 
64

.7
0 

± 
0.

05
bb

 

64
.4

0 
± 

0.
02

bc
 

64
.2

0 
± 

0.
03

bd
 

T3 

29
.9

1 
 ±

  0
.0

2ca
 

29
.8

7 
 ±

  0
.0

6ca
 

29
.8

5 
 ±

  0
.0

3ca
 

29
.8

2 
 ±

  0
.0

4ca
 

66
.3

1 
± 

0.
04

ca
 

66
.2

8 
 ±

  0
.0

1ca
 

65
.7

2 
 ±

  0
.0

1cb
 

65
.4

3 
± 

0.
03

cc
 

0.
64

 ±
 0

.0
4ca

 

0.
61

 ±
 0

.0
1ca

 

0.
59

 ±
 0

.0
3ba

 

0.
57

 ±
 0

.0
2ca

 

59
.9

 ±
 0

.4
ca

 
 

59
.6

 ±
 0

.3
ca
 

59
.5

  ±
 0

.2
ba

 

59
.1

 ±
 0

.1
bb

 

65
.9

0 
± 

0.
01

ca
 

 
65

.0
7 

± 
0.

03
cb

 

65
.0

1 
± 

0.
01

cc
 

65
.0

0 
± 

0.
01

cd
 

T4 

29
.9

9 
 ±

  0
.0

3da
 

29
.9

4 
 ±

  0
.0

4da
 

29
.9

2 
 ±

  0
.0

2da
 

29
.9

0 
 ±

  0
.0

1da
 

66
.3

5 
± 

0.
05

da
 

66
.3

0 
 ±

  0
.0

2da
 

66
.2

8 
 ±

  0
.0

3da
 

66
.2

8 
± 

0.
02

da
 

0.
63

 ±
 0

.0
3da

 

0.
60

 ±
 0

.0
4da

 

0.
58

 ±
 0

.0
5aa

 

0.
55

 ±
 0

.0
5ab

 

59
.2

 ±
 0

.1
da

 
 

59
.0

 ±
 0

.1
aa
 

58
.7

 ±
 0

.2
ca
 

58
.5

 ±
 0

.2
ab

 

66
.0

4 
± 

0.
02

da
 

 
66

.0
2 

± 
0.

02
db
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*Mean  ±  SD (n = 3); **Different superscripts in the same column indicate a significant difference (p < 0.05); ***Different superscripts in the 
same row indicate a significant difference (p < 0.05). T1:70 °C, 10 min, 200ppm; T2:70 °C, 10 min, 300ppm; T3:70 °C, 10 min, 400 ppm; 
T4:70 °C, 20 min, 200ppm; T5:70 °C, 20 min, 300ppm; T6:70 °C, 20 min, 400ppm; T7:80 °C, 10 min, 200ppm; T8:80 °C, 10 min, 300ppm; 
T9:80 °C,10 min,   400ppm; T10:80 °C,20 min, 200ppm; T11:80 °C, 20 min, 300ppm; T12:80 °C, 20 min, 400ppm. 

Table 3. Continued… 
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3.4 The effects of the variables on the microbial counts 

The TPC of the juice varied from 1.950 (T1) to 1.650 (T12) on day 0 of storage due to the different 
treatments (Table 4). The decreased count in T12 might be due to the longer pasteurization time and greater 
KMS concentration, since a longer heating time and more KMS can kill more microorganisms since bacteria, 
yeasts and moulds are heat sensitive and are easily destroyed by heat treatment. Similar findings were 
reported by Sankhla et al. (2012) for sugarcane juice. An increase in TPC was observed with an increase in 
storage period and similar findings were reported by Chauhan et al. (2002) and Sakhale et al. (2012). The 
MIC varied from 3.2 (T1) to 2.2 (T12) on day 0 of storage and increased with increase in storage time. 

Table 4. The effect of the variables on the microbial count. 

Treatments TPC MIC 
0 45 0 45 

T1 1.950  ±  0.001* a**a*** 2.079  ±  0.003ab 3.2  ±  0.2aa 3.4  ±  0.4aa 
T2 1.880  ±  0.001ba 2.072  ±  0.002ab 2.5  ±  0.5ba 2.7  ±  0.1ba 
T3 1.830  ±  0.001ca 1.973  ±  0.003bb 2.4  ±  0.4ca 2.5  ±  0.5ca 
T4 1.820  ±  0.001da 1.860  ±  0.003ca 2.4  ±  0.2ad 2.6  ±  0.1da 
T5 1.800  ±  0.004ea 1.840  ±  0.002da 2.3  ±  0.3ea 2.4  ±  0.1ea 
T6 1.780  ±  0.002fa 1.800  ±  0.004ea 2.2  ±  0.2fa 2.5  ±  0.5fa 
T7 1.750  ±  0.001ga 1.810  ±  0.002fb 2.7  ±  0.2aa 3.1  ±  0.1aa 
T8 1.790  ±  0.003ha 1.857  ±  0.001gb 2.5  ±  0.4aa 2.7  ±  0.4ga 
T9 1.760  ±  0.001ia 1.845  ±  0.005hb 2.4  ±  0.1aa 2.8  ±  0.1aa 

T10 1.700  ±  0.001ja 1.780  ±  0.003ib 2.7  ±  0.2aa 3.0  ±  0.1aa 
T11 1.690  ±  0.002ka 1.693  ±  0.003ja 2.2  ±  0.1ga 2.5  ±  0.1ha 
T12 1.650  ±  0.002la 1.653  ±  0.003ka 2.2  ±  0.2ha 2.4  ±  0.4ia 

*Mean  ±  SD (n = 3); **Different superscripts in the same column indicate a significant difference (p < 0.05); ***Different superscripts in the 
same row indicate a significant difference (p < 0.05). T1:70 °C, 10 min, 200ppm; T2:70 °C, 10 min, 300ppm; T3:70 °C, 10 min, 400 ppm; 
T4:70 °C, 20 min, 200ppm; T5:70 °C, 20 min, 300ppm; T6:70 °C, 20 min, 400ppm; T7:80 °C, 10 min, 200ppm; T8:80 °C, 10 min, 300ppm; 
T9:80 °C, 10 min,  400ppm; T10:80 °C, 20 min, 200ppm; T11:80 °C, 20 min, 300ppm; T12:80 °C, 20 min, 400ppm. 

3.5 Cluster analysis of the different variables in the spiced chayote juice during storage 

The data obtained from the physicochemical analysis of the blended chayote juice during storage was analysed 
using a cluster analysis with a rescaled distance cluster analysis as shown in Figure 1. It is evident from the figure 
that two major clusters had been formed and that clustering was on the basis of temperature. The first cluster 
comprised the blended chayote juices prepared at 70 °C, whereas the second cluster comprised the spiced chayote 
juices prepared at 80 °C, which indicates that of all the variables under study, the temperature had the most 
significant effect on the physicochemical and sensory characteristics of the spiced chayote juice, as compared to 
the time and KMS concentration, which failed to fall into separate and respective clusters. 

 
Figure 1. Cluster analysis of different variables selected for the storage of spiced chayote juice. 



Preservation and evaluation of spiced chayote juice using hurdle technology 
Sangma, C. et al. 

 

Braz. J. Food Technol., Campinas, v. 22, e2018122, 2019 | https://doi.org/10.1590/1981-6723.12218 12/14 

4 Conclusion 
The preservation of blended chayote juice without the addition of any chemical preservative or pasteurization 

is not possible due to its high nutritional content. The results of the present study showed that the different variables 
studied (temperature, time, preservatives and storage durations) caused significant effects on the quality attributes 
of the blended chayote juice, with increases in temperature, time and KMS concentration causing small but 
significant decreases in the sensory and phytochemical parameters. However, in real terms the decreases were low, 
which indicates that even lower concentrations of these hurdles would be effective. In the case of storage time, the 
same trend was observed in a negative manner, but the blended chayote juice can be successfully preserved for up 
to 45 days under refrigerated storage conditions, based on the different quality attributes. Thus, it was concluded 
that the blended chayote juice could be preserved using hurdle technology, pasteurizing at 70 °C for 10 min 
followed by the addition of 200 ppm KMS, and stored for forty-five days under refrigeration. 
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