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Meat Handling Practices Among Retail Meat Shops in 
Dharan Sub-Metropolitan City 

Dinesh Subedi*, Tanka Bhattarai and Dev Raj Acharya 

Central Department of Food Technology, Tribhuvan University, Hattisar, Dharan-14, Nepal 

Abstract 
The study was conducted to assess the status of sanitation and hygienic practices among retail 
meat shops in Dharan Sub metropolitan city. A total of 117 retail meat shops were randomly 
selected and interviewed by using a self-prepared semi-structured questionnaire. 98.3% of 
respondents were unaware of Slaughterhouse and Meat Inspection Act, 52.1% of the butchers 
didn’t wear an apron, 76.1% of butchers did not have an evisceration facility, antemortem and 
post mortem practices were rarely practiced and more than 80% did not use detergent-water for 
cleaning function. On a 21-point rating score for good hygienic practices, 41.88% of meat shop 
fell into the poorer category getting less than 45% score showing significant association (p<0.05) 
with the type of meat, sex of the worker and training received. General hygiene practices in 
most of the meat shop of Dharan have not been observed satisfactory. Since poorer meat 
handling practices are directly related to poorer meat quality, this study recommends immediate 
and effective intervention to ensure the quality and safety in the meat market of Dharan. 
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Introduction 
Meat is a highly perishable food and ideal for the 
growth of a wide range of spoilage and 
pathogenic bacteria (Birhanu et al., 2017). It is 
prone to contamination at various stages from 

primary production to when it is ready for 
consumption and one of the main sources of 
food-borne illnesses and death (WHO, 2007). The 
types and extent of microbial contamination 
depend on sanitation procedures and hygienic 
practices during meat handling, storage, 
distribution, and processing. Staphylococcus 
aureus, Salmonella, Shigella species and 
Campylobacter are the common contaminants in the 
meat (Birhanu et al., 2017). Meat contamination, 
deterioration and post-harvest meat losses in 
abattoirs and retail meat outlets result from the 
use of contaminated water, unhygienic practices 
like poor handling, use of a contaminated table to 
display meat intended for sale, and the use of 
contaminated knives and other equipment in 
cutting operations (Fasanmi et al., 2010; Li et al., 
2006). 

The annual consumption of meat in Nepal is 
approximately 250,000 metric tons. Despite its 
widespread consumption in Nepal, meat is one of 
the most unsafe food items sold in the market. 
Poor hygienic practices during slaughtering and 
marketing of meat are one of the major 
contributing factors for unsafe meat in Nepal 
(Bajagai, 2019). 

mailto:subedinesh@gmail.com


Subedi et al. TUJFST 1 (2022) 01-08

2 © 2022 CDFT. All rights reserved. 

The government of Nepal formulated and enacted 
the Animal Slaughterhouse and Meat Inspection 
Act 1999 and Regulation 2001 to regulate the 
meat market. But, the implementation of the Act 
is very poor, as most of the meat shop in the 
country are not able to meet the basic 
requirements of the Act and Regulations and 
Standards for meat handling and hygiene 
practices of butchers are not adequate (Bajagai, 
2019; Joshi et al., 2003). Except for very few 
registered meat shops most are failing to meet the 
minimum criteria for the production of safe and 
healthy meat (Bhattarai et al., 2017).  Lack of 
slaughterhouse, lack of proper infrastructure in 
the slaughtering places and meat shops, shortage 
of adequately trained personnel, improper 
slaughtering, and handling of meat and the most 
importantly the lack of meat inspection and 
examination, have caused a cumulative effect on 
improper meat hygiene in almost every part of the 
country. Meat products coming from such 
conditions often deteriorate due to bacterial 
infection or contamination, which may cause 
serious food poisoning or disease in consumers 
(Joshi et al., 2003). 

According to the report, Nepali eats an average of 
11.15 kg of meat per year which was 9.8 kg per 
year in 2008 and 9.7 kg in 2014 (Ekantipur, 
2014). Dharan is one of the largest consumers of 
meat and meat products in the Nation (Bantawa et 
al., 2018).  The meat shops are scattered all over 
the city. Butchers slaughter goats, buffalo, pig, 
and poultry in their premises with poor hygienic 
conditions (Upadhayaya and Ghimire, 2018). 
Although in recent days the condition of meat 
shops has been improved, mainly in terms of 
working surfaces, freezing and wire netting 
facilities, hygiene and sanitary practices remain 
unsatisfactory (Bhattarai et al., 2017). The need 
for exploring the existing sanitation and hygienic 
practices by the retail meat shop of the city is 
justifiable that could be important for designing 
the preventive program to address public health 
problems related to meat borne diseases. The 
study is, therefore, focused on assessing the status 
of the hygienic and sanitation practices in the 
growing meat business of Dharan city. 

Materials and Methods 
Study site and time 

The study area was Dharan Sub-metropolitan 
city, Sunsari District, Province No. 1, Nepal. It is 
divided into 20 wards. The study was conducted 
between October-December 2019. 

Study design and questionnaire survey 

A cross-sectional survey was conducted among 
retail meat shops located in Dharan Sub-
metropolitan City. All the meat handlers who 
were members of either of two local meat 
organizations (Masu Byabasayi Shang and Masu 
Prabidhaik Byabasayi Sang) were included in the 
study. A total of 117 retail meat shops were 
randomly selected and interviewed using a semi-
structured questionnaire.  

During the survey, the interviewer introduced 
him/herself to the respondent and explained the 
purpose of the study and assured the respondent 
that the information would be handled 
confidentially before commencing with the 
questions. The questionnaire was focused on 
personal and general hygienic practices during 
the handling of meat. To minimize the biased 
response during the interview, hygienic practices 
have also been recorded through observation by 
the interviewer. 

Measurement of sanitation and hygiene 
practice level 

The level of sanitation and hygiene practices 
followed by the meat shops were measured by 
using the scoring system stated by (Khanal and 
Poudel, 2017; Paudel et al., 2013). The correct 
practice was scored as 1 while the wrong or non-
practice as 0. There were 21 total statements 
related to meat hygiene and sanitary practices; 
one score was assigned per statement and was 
categorized into binary variables ‘poor’ (<45% 
score) and ‘fair’ (>45% score). 

Statistical analysis 

For the statistical analysis, the data collected were 
tabulated and analyzed statistically by using 
SPSS Statistics Version 20 and Microsoft- Excel 
2007. Frequencies and percentages were run to 
determine distributions. Chi-square (χ2) test was 
used to find the relationship between 
sociodemographic characteristics and practice 
scores. A p-value of less than 0.05 was 
considered statistically significant. 

Results 
Sociodemographic status 

Out of 117 meat shops under study, 75.2% of the 
shops were run by males and handled most of the 
meat shop activities. Almost all butchers were 
found to follow the Hindu religion. 74.4% of 
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meat handlers in Dharan were found to be 
Adibasi/Janajati community. Among 117 meat 
shops under study, 43 were chicken meat shops 
followed by pork, buff, and mutton. 20.5% of the 
butchers were involved in another side business 
besides running the meat shop. Most of the 
butcher (91.5%) had mentioned that they work 
for more than 8 h in the meat shop (shown in 
Table 1). 

Table 1 
Demographic characteristics of the meat handlers 
(n=117) 

Variables Categories Frequency Percent 
Sex Female 29 24.8 

Male 88 75.2 
Religion Hindu 113 96.6 

Muslim 4 3.4 
Ethnicity  Brahmin/Chhetri 23 19.7 

Dalit 7 6 
Adibasi/Janajati 87 74.4 

Time spent in 
meat shop 

Less than 8 h 9 6.8 
More than 8 h 108 93.2 

Type of meat  Chicken 43 36.8 
Pork 30 25.6 

Mutton 20 17.1 
Buff 24 20.5 

Side job  No 93 79.5 
Yes 24 20.5 

Location and status of meat shops 

More than two-third (67.5%) of meat shops were 
in the market area away from their residence. 
13.7% of meat shops were selling the meat in an 
open environment, and 44.4% had temporary 
structures (shown in Table 2). Most of the meat 
shops (80.3%) were near the dumping site or 
drainage and road. It is obvious that the nearer the 
meat shops to the road and sewer, more will be 
the chances of physical, chemical, and microbial 
contamination. 

Table 2 
Location and status of meat shop (n=117) 

Variables  Categories Frequency Percentage 
Location Market area 79 67.5 

Residential 38 32.5 
Distance from 
road 

Less than 100 ft 86 73.5 
More than 100 ft 31 26.5 

Distance from 
sewer/ 
dumping 

Less than 200 ft 94 80.3 
More than 200 ft 14 19.7 

Shop type  
Open space 16 13.7 

Permanent closed 
type 

49 41.9 

Temporary 
closed type 

52 44.4 

Waste 
disposal  

Nearby open 
space 

Municipality 
sewer 

Own soak pit 

30 
76 
11 

25.6 
65 
9.4 

Education and knowledge status of meat 
handlers 

Nearly half (42.7%) of meat shops had not 
registered the business or failed timely renewal. 
59.8% of the butchers mentioned that they had 
received training in meat handling practices and 
meat hygiene. More than 50% of the butchers had 
not received any formal education. Only two 
butchers knew about the Slaughterhouse and 
Meat Inspection Act, 2055 (SIMA) (shown in 
Table 3). 

Table 3 
Education and knowledge status of meat handlers 
(n=117) 

Variables Categories Frequency Percentage 
Registration Yes 67 57.3 

No 50 42.7 
Knowledge of 
SIMA 

Yes 2 1.7 

No 115 98.3 
Education Formal 53 45.3 

Non-formal 64 54.7 
Training received Yes 70 59.8 

No 47 40.2 

Note. SIMA stands for Slaughterhouse and Meat Inspection Act, 
2055 

Sanitation and hygienic practices followed 
by the meat shop 

The summary of sanitation and hygiene practices 
followed by meat shops of Dharan city is shown 
in Table 4. Only 47.9% of the butchers were 
found wearing an apron (a protective cloth), but 
in most cases, it was not properly washed and 
cleaned. 85.5% of butchers had not covered their 
hair during meat handling. Even those who had 
covered their hair were wearing normal winter 
cap, not the hair net. 84.6% of the butchers 
handled the meat and money with the naked hand 
at the same time. Nearly half of the butcher had 
found to were jewellery (watch, bracelet, ring 
etc.) while handling the meat. 28.4% of the 
butchers had cuts, wounds, and tear in their hands 
without covering or bandage. Less than half 
(48.7%) butchers had mentioned that they wash 
their hands after handling other items and 
suspected meat. 

It was learnt that 41% of butchers would assess 
physical illness and symptoms of disease before 
slaughtering the animal while postmortem 
inspection was almost absent i.e., only 3.4% 
inspected the meat after slaughtering. Only 23.9% 
of the meat shop had separate evisceration 
facility. More than half (52.15%) butchers 
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mentioned that they did not use a separate knife 
for the evisceration.  It was observed that more 
than half (54%) had the practice of covering the 
meat with a cloth and/or spraying the meat with 
water to make it look fresh. 87.2% of meat shops 
had a refrigerator for the storage of all leftover 
meat but the rest 12.8% had no such provision, 
about 33.3% displayed the meat on the working 
table or wall. 

Table 4 
Sanitation and hygienic practices followed by the 
meat shops 

Meat handling practices Response 
(score) 

Frequency Percentage 

Wearing protective cloth 
and apron while working? 

Yes (1) 56 47.9 
No (0) 61 52.1 

Covering of hair while 
working? 

Yes (1) 17 14.5 
No (0) 100 85.5 

Wearing of jewellery in 
hand while handling? 

Yes (1) 59 50.4 
No (0) 58 49.6 

Presence of wound or 
illness in butchers’ hand? 

Yes (0) 8 6.8 
No (1) 109 93.2 

Handling money and meat 
concurrently? 

Yes (0) 99 84.6 
No (1) 18 15.4 

Handwashing after 
handling suspected meat? 

Yes (1) 57 48.7 
No (0) 60 51.3 

Hand washing at the start 
of meat handling? 

Yes (1) 88 75.2 
No (0) 29 24.8 

Inspection of the animal 
before slaughtering 
(Antemortem)? 

Yes (1) 48 41.0 
No (0) 69 59.0 

Inspection of the carcass 
(postmortem)? 

Yes (1) 4 3.4 
No (0) 113 96.6 

Separate evisceration 
facility? 

Yes (1) 89 76.1 
No (0) 28 23.9 

Use of detergent for 
cleaning utensils? 

Yes (1) 21 17.9 
No (0) 96 82.1 

Use of detergent for 
cleaning the working 
table? 

Yes (1) 14 12 
No (0) 103 88 

Eating/drinking habits 
while meat handling? 

Yes (0) 87 74.4 
No (1) 30 25.6 

Separate knife for 
evisceration and by-
product? 

Yes (1) 61 52.1 
No (0) 56 47.9 

Display of meat? Wall 
hanging 
(0) 

39 33.3 

Chill 
storage 
(1) 

78 66.7 

Separation of by-product 
form carcass? 

Yes (1) 104 88.9 
No (0) 13 11.1 

Covering of meat with wet 
cloth or spray of water? 

Yes (0) 54 46.2 
No (1) 63 53.8 

Touching/handling of by 
unauthorized person? 

Yes (0) 48 41.0 
No (1) 69 59.0 

Weighing machine in 
touch with other objects? 

Yes (0) 78 66.7 
No (1) 39 33.3 

Storage of unsold meat? Workin
g table 
(0) 

15 12.8 

Chill 
storage 
(1) 

102 87.2 

Adequate control of fly 
and insect? 

Yes (1) 30 25.6 
No (0) 87 74.4 

Regarding the cleaning facility, the majority 
(82.1%) of the butchers mentioned that they 

cleaner the utensil only with the water/cloth; the 
rest 17.9% were found to use water with 
detergent. Similarly, the majority (88%) of 
butchers used either plain water or cloth for the 
cleaning of the working table and 12% had the 
practice of using water with detergent. 

Regarding the hygienic practices, it was found 
that in 41% of cases the meat was found to be 
handled or touched by an unauthorized person 
other than the butcher. 74.4% of the butchers had 
the habit of eating and drinking while working. 
The weighing machine was found touching other 
objects (towel, jug, plastics, etc.) in 66.7% of the 
meat shops. In 88.9% of cases, meat by-products 
like head, shank, abdominal parts, offal, organ 
meat were separated properly from the carcass. It 
was observed that more than two-third (74.4%) of 
meat shops lacked proper protection against dogs, 
rodents and insects and flies and dust. Further, 
there was no proper waste disposal system. 65% 
of meat shops disposed of the waste in a 
municipal sewer and 25.6% in nearby open space. 

Distribution of level of hygienic meat 
handling practices 

The study revealed that 49 out of 117 (i.e., 
41.88%) meat shop had poor sanitation and 
hygienic meat handling practices (score <45%), 
and the remaining 58.12 % had a fair level (score 
>45%), with an average score of 10.21 out of 21
(shown in Table 5). This implies that only around
50% of sanitary and hygienic practices and
behavior have been followed by the meat
shops/seller in Dharan.

Table 5 
Distribution of level of hygienic meat handling 
practices 

Categories/Level  Frequency 
(n=117) 

Percent 

Poor (score <45%) 49 41.88 
Fair (score >45%) 68 58.12 

Score (0-21) 
Mean Range (min-max) 
10.21 

(48.60%) 
6-16 

Association of socio-demographic 
characteristics with meat handling 
practices 

Hygienic meat handling practices were 
categorized into two levels as fair and poor. Chi-
square test revealed that the type of meat handled 
(p=0.014), sex of the butcher (p=0.008) and training 
received (p=0.001) was found significantly 
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associated with meat hygienic meat handling 
practices. While there was no significant 
association between location (p=0.714), educational 
status (p=0.291), registration (p=0.136) and 
ethnicity (p=0215) with hygienic meat handling 
practices as shown in Table 6. 

Discussion 
The present study was conducted to assess the 
existing sanitary and hygienic practices followed 
by a retail meat shop located in Dharan City. It 
was found that nearly 50% of the retail meat 
shops were not able to meet the criteria for a 
satisfactory (fair) level. Out of the 117 meat 
shops under study, 49 were found with a very 
poor hygiene level. Even in the fairer category, 
butchers were not able to meet most of the 
hygienic practices to be followed. Improper 
handling and unsafe hygiene inevitably lead to 
contamination of meat, eventually affecting the 
health of consumers (Algabry et al., 2012). It is 
unfortunate that till today, the “Slaughterhouse 
and Meat Inspection Act 1999” has been a failure 
in terms of implementation. In Nepal, the Act and 
Regulation have not been enforced to date 
(Upadhayaya and Ghimire, 2018).  

It was observed that wearing protectives cloths 
and hair cover was rarely practised. Such 
covering not only protects the meat handlers but 
also minimizes cross-contamination (Upadhayaya 
and Ghimire, 2018). The practice of wearing 
jewellery and the presence of wounds and cuts in 
butchers’ hands were common. Pieces of 
jewellery are the potential source of micro-
organisms as the skin under the jewellery 
provides a favourable habitat for the 
contaminating microorganisms to proliferate. 
Meat handlers are probable sources of 
contamination for microorganisms, all possible 
measures must be taken to reduce or eliminate 
such contamination (Upadhayaya and Ghimire, 
2018). It was found that 84.6% of the butchers 
handled meat and money concurrently. Khanal 
and Poudel (2017) also found that most of the 
butchers in Chitwan district of Nepal handled 
money with naked hands while handling the 
meat. The person handling money should not be 
allowed to handle food during retailing or 
serving. Since money (paper notes and coins) is 
usually dirty, it can contaminate the meat with 
several microorganisms during the exchange 
(Muinde and Kuria, 2005). 

Hand washing practices before starting and after 
handling the suspected meat was also very less 
practiced by the butchers. A similar result was 
also observed by Upadhayaya and Ghimire 
(2018) and Bhattarai et al. (2017) in Chitwan and 
Dharan respectively. Poor personal hygiene 
practices like negligence in washing could 
contaminate the meat as hands are rarely free 
from microorganisms (commonly Staphylococcus 
aureus that is present on the skin, nose, and hair). 
Thus, it is recommended to use detergent and hot 
running water to reduce the microbiological load 
on hands (Desmarchelier et al., 1999). 

In Dharan, antemortem and post mortem 
inspection of animal and carcass was rarely 
practiced this result agrees with those of 
Upadhayaya and Ghimire (2018) and Bhattarai et 
al. (2017). The main aim of meat inspection is to 
provide safe and wholesome meat for human 
consumption. The antemortem inspection 
concerns with three main areas: public health, 
animal health and animal welfare. In the present 
study, the positive response for the antemortem 
and post-mortem inspection does not mean any 
clinical examination but rather implies the 
observation by butchers themselves based on 
their experiences. Another study conducted by 
Joshi in Kirtipur municipality found no pre and 
post mortem meat inspection by any government 
authority (Joshi et al., 2003). The study conducted 
in Dharan municipality in 2012 also supported 
that no antemortem inspection of animals and 
post-mortem inspection of carcass and viscera 
were carried out. Practices regarding slaughtering 
facility and storage of meat were very poor in 
many retail shops in Nepal. Practices like lairage 
facility, separate evisceration facility, selling 
meat without skin, storage of leftover meat in 
freeze were found less practiced in several 
previous studies (Bhattarai et al., 2017; Upadhayaya 
and Ghimire, 2018). 

Observation found that after cutting the meat, the 
knife, chopping board and most of the utensils 
were wiped with rags and/or with plain water 
only. The use of detergent for utensil cleaning 
was practiced in less than 20% of the meat shops. 
Covering of meat with wet cloth was practiced in 
46.2% of the cases. Though the intention was not 
wrong, the covering of meat with a wet cloth and 
water spray may contaminate the meat with 
pathogenic microorganisms.  
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Table 6 
Factors associated with hygienic meat handling practices (n=117) 

Variables Categories Level of hygienic meat handling 
practices 

Chi-square 
value 

p-value 

Fair, 
n (%) 

Poor, 
n (%) 

Type of meat Buff 
Chicken 
Mutton 

Pork 

15 (62.5) 
30 (69.8) 
13 (65) 

10 (33.3) 

9 (37.5) 
13 (30.2) 

7 (35) 
20 (66.7) 

10.547 0.014* 

Location Market area 
Residential 

45 (57.0) 
23 (60.5) 

34 (43) 
15 (39.5) 

0.134 0.714 

Registration status Registered 
Not registered 

35 (52.2) 
33 (66) 

32 (47.8) 
17 (34) 

2.228 0.136 

Education Formal 
Non formal 

28 (52.8) 
40 (62.5) 

25 (47.2) 
24 (37.5) 

1.114 0.291 

Ethnicity  Brahmin/ Chhetri 
Adibasi/ Janajati/ Dalit 

16 (69.6) 
52 (55.3) 

7 (30.4) 
42 (44.7) 

1.541 0.215 

Sex Male 
Female 

45 (51.1) 
23 (79.3) 

43 (48.9) 
6 (20.7) 

7.113 0.008* 

Training Not received 
Received 

19 (40.4) 
49 (70) 

28 (59.6) 
21 (30) 

10.104 0.001* 

Note. Values in the parenthesis were percent in a row total. *Significant at p<0.05 

The practice of storage of leftover meat, display 
of meat and separation of meat carcass from meat 
by-products was quite satisfactory. Whereas other 
unhealthy practices like touching of weighing 
machine with other objects, eating habits while 
working, touching of meat by unauthorized 
personnel, less protection of meat from flies, 
insects and rodents were also observed during the 
study. Such carelessness may pose a greater risk 
for cross-contamination and may compromise the 
safety and shelf-life of meat. A similar result was 
also reported by (Bhattarai et al., 2017; Khanal 
and Poudel, 2017; Paudel et al., 2013; 
Upadhayaya and Ghimire, 2018). 

The socio-demographic status with the hygienic 
practices, type of meat, sex of worker and 
training received were found significantly 
associated (p<0.05) with hygienic practices. 
Among the meat type, pork meat handling 
practices were found poorer. 20 out of 30 pork 
meat shops fell into the poor category whereas 
37.7% buffalo, 35% of mutton, and 30.2% 
chicken shop were categorized as poorer (less 
than 45% in hygiene score). This finding agrees 
with the reports of Bhattarai et. al. (2017) in a 
similar setting. It may be due to the larger body 
size of the animal and the slaughtering and selling 
of the meat in open space. The common 
weakness of pork and buffalo shops were no use 
of protective cloth, no proper separation of by-
products and carcass, poorer fly control, covering 
of meat with cloth, hanging of meat on the wall, 
less practice of washing hands, and touching of 
meat by an unauthorized person.  

The education status of the meat handlers was 
found significantly associated with the hygienic 
score, a similar result was reported by Tegegne 
and Phyo (2017). However, Paudel et al. (2013) 
found no significant correlations between of 
education level with hygienic behaviors. A 
previous study in Dharan reported that there was 
a significant association between the education 
level of meat sellers and personnel hygiene 
(Bhattarai et al., 2017).  

Sanitation and hygienic practices were found 
significantly (p<0.05) associated with the sex of 
the worker; fairer practices were observed among 
females (79.3%) than males. In general, females 
are more responsible for cleaning and managing 
the waste. Also, this might be because females 
were more associated with handling the chicken 
meat shop. 

There was a significant association between 
training received with hygienic practices. This 
result is consistent with the various previous 
studies (Khanal and Poudel, 2017; Paudel et al., 
2013). Training given in sanitation and hygiene 
should be able to change personnel behavior and 
attitude as well as impart knowledge (Egan et al., 
2007). However, training alone is not sufficient 
for long-lasting improvement in personnel 
hygiene. Several studies indicate that more than 
training is required to convince food industry 
workers to wash their hands (Michaels et al., 
2002). According to Adams and Moss (2008) 
training of food handlers regarding the basic 
concepts and requirements of personal hygiene 
plays an integral part in ensuring safe products to 
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consumers. Food safety knowledge among food 
handlers is significantly related to better food 
handling practices (Nigusse and Kumie, 2012). 

Conclusion 
From the result, it can be concluded that 
thepresent sanitation and hygienic practices 
followed by the retail meat shapes of Dharan are 
not satisfactory and adequate to avoid the 
possible cross-contamination and ensuring safer 
meat for the consumer. The study also reveals 
that unhygienic practices are more common in 
pork and buffalo meat in comparison to chicken 
and mutton meat.  As training is strongly associated 
with good hygienic practices it is recommended 
that adequate training for meat handlers along 
with regular monitoring and strict registration be 
provided by the local authority. 
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Abstract 

This study aimed to explore the distribution of non-sorbitol fermenting Escherichia coli (E. coli) 
from meat marketed in Dharan city and study its susceptibility to antibiotics. This study was 
the laboratory based cross-sectional study conducted from December 2016 to May 2017 at 
Microbiology laboratory of Central Campus of Technology. A total of 24 meat samples from 
butcher’s retail shop of Dharan were taken for study that included 6 chickens, 6 buffalo, 6 pork, 
and 6 goat meat sample. The bacterial isolates from meat samples were isolated by routine 
microbiological procedures and identified by colony characteristics on selective medium, Gram's 
staining and biochemical tests. The antibiotic susceptibility test (AST) of the isolated bacteria 
was performed by Kirby–Bauer disc diffusion method. Results reported 41.66% (10/24) 
prevalence of non-sorbitol fermenting E. coli in meat samples. However, this distribution was not 
statistically significant (p=0.877). The prevalence of E. coli was 3 (50%) in chicken, 3 (50%) in 
buffalo, 2 (33.33%) in pork and 2 (33.33%) in goat meat. All the isolated E. coli were subjected to 
the antibiotic susceptibility test using 17 different antibiotics and all the strains showed 100% 
resistance against ampicillin, amoxicillin and ceftazidime and the highest sensitivity towards 
gentamycin (90%), ceftriaxone (80%), amikacin (80%) and chloramphenicol (80%). The 100% 
multidrug resistance was observed in all the isolates. This study concludes that the meat 
consumers of Dharan are at higher risk of infection by pathogenic strain of E. coli. The 
increasing incidence of multi drug resistance of pathogenic strains may pose serious health 
ailment among semi-processed meat consumers whilst the cooked meat consumers too are at 
risk of toxin-mediated food poisoning.  
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Introduction 
Food safety is one of the leading issues for the 
agricultural industry, including livestock 
production sector (Bousfield and Brown, 2011). 
The global burden of foodborne diseases has 
caused rapid morbidity and mortality (WHO, 
2015). The microbial food-borne illness still 
remains a global concern in developing countries 
(Odeyemi, 2016). Such problems occur because 
of the prevailing poor food handling and 
sanitation practices, inadequate food safety laws, 
weak regulatory system, lack of financial 
resources to invest in safer equipment and lack of 
education for food-handlers (Haileselassie et al., 
2013). Foodborne disease outbreaks are caused 
by undercooked meat, raw meat handling, and 
cross contamination of ready-to-eat items with 
microbial contaminants from raw poultry or 

mailto:subedinesh@gmail.com
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others introduced during food preparation 
(Khalafalla et al., 2015).  

Cattle have been recognized as a key reservoir of 
E. coli O157:H7 for human infection, but less is
known about the organism's ecology in sheep and
goats (Abrehan et al., 2019). In underdeveloped
nations, food-borne infections are the major cause
of disease and death, costing billions of dollars in
medical care and medical and societal expenses.
Changes in eating patterns, mass catering,
complicated and long food supply systems
associated with greater international migration,
and inadequate sanitary standards are all key
contributors for food-borne diseases. One of the
most common causes of food poisoning is
contaminated raw meat. Contaminated meat is
also linked to the spread of zoonotic illnesses (Ali
et al., 2010). Raw meat, salads, and unpasteurized
dairy products are all high-risk food sources,
increasing the risk of food-borne illness. As a
result, Lebanon recorded 1926 instances of food-
borne disease in 2003 and Libya reported 779
cases in 2004, while Oman reported 112,904
cases of acute gastroenteritis and diarrhea in 2002
(Al-Ajmi et al., 2020).

Among the pathogenic strains identified, the 
commonest is the Enterohaemorrhagic E. coli 
(EHEC), linked to serious outbreaks and sporadic 
cases of enterohaemorrhagic diseases (Bolton et 
al., 2011). Human infections with E. coli 
O157:H7 have been mostly associated with the 
consumption of contaminated and improperly 
cooked meat (Doyle, 1991). Contaminated raw 
meat and retail meat shops are potential vehicles 
for transmitting food borne illness (Regunath and 
Salza, 2016). Meat sold in stores has gone 
through a protracted process of killing and 
shipping, with each stage posing a danger of 
germ contamination (Upadhayaya and Ghimire, 
2018). When these organisms colonize a piece of 
meat, they begin to break it down leaving behind 
toxins that can cause enteritis or food poisoning. 
They do not survive a thorough cooking, but 
several toxins and spores can survive (Lawrie and 
Ledward, 2006). E. coli O157:H7, termed as an 
enterohaemorrhagic E. coli (EHEC) is one of the 
most significant food-borne pathogens. It differs 
from most other strains of E. coli in being unable 
to ferment sorbitol. Typical illness because of an 
E. coli O157:H7 infection can be life threatening,
and susceptible individuals show a range of
symptoms including hemolytic colitis, hemolytic
uremic syndrome, and thrombocytopenic purpura
(Ojeda et al., 1995; Rahal et al., 2012; Chileshe
and Ateba, 2013).

The majority of E. coli are typical commensals 
present in both people and animal’s digestive 
tracts, whereas some are dangerous to humans. E. 

coli O157: H7 is a well-known serotype that has 
pathotypes that may infect people through food. 
In the intestines of healthy cattle, deer, goats, and 
sheep, E. coli O157:H7 pathotypes have been 
discovered (Bekele et al., 2014). Despite the 
existence of other serotypes, O157:H7 is the most 
usually reported in outbreaks (Lupindu et al., 
2014). The pathogenicity of E. coli O157:H7 is 
affected by several virulence factors. The main 
factor contributing to the pathogenicity is its 
ability to produce potential cytotoxins called 
Shiga-toxins (Stx), encoded by stx1 and stx2 
genes (Gyles, 2007). 

Cattle are thought to be the main reservoirs of 
Shiga toxin producing E. coli (STEC). However, 
STEC has been isolated even from other species 
(Terajima et al., 2017). The presence of antibiotic 
resistance isolates and the discovery of E. coli 
O157:H7 in raw meat emphasize the potential 
hazard to public health (Bekele et al., 2014) 

Treatment of enterohemorrhagic E. coli infection 
with anti-microbial agents may worsen the 
infection, apparently by breaking up the bacteria 
with the discharge of toxins. However, early use 
of some antimicrobials is effective. Improper 
ways of antimicrobial use have contributed to the 
increment in antimicrobial drug resistance (Beyi 
et al., 2017). Even though agricultural settings 
account for the bulk of antibiotic usage, little 
emphasis has been made to how antibiotic use in 
farm animals contributes to the general problem 
of antibiotic resistance (Landers et al., 2012). 

Meat can be a source of antibiotic-resistant 
bacteria, which can then spread across the 
community via the food chain (Gousia et al., 
2011). Antibiotic-resistant E. coli 0157:H7 strains 
discovered are of public health concern (Goncuoglu 
et al., 2010). Although E. coli infections often cause 
mild to moderate self-limiting gastroenteritis, 
invasive illnesses and complications can arise, 
leading to more serious cases (Zhao et al., 2001). 
Multi drug resistance obstructs disease control by 
increasing the risk of resistant microorganisms 
spreading, lowering treatment efficacy and, as a 
result, prolonging the duration of infection in the 
patient (Tanwar et al., 2014). 

In Dharan, only few small-scale studies estimating 
the prevalence and/or assessing the antimicrobial 
sensitivity profile of E. coli were conducted. The 
studies at the level of butcher shops and 
enterohemorrhagic E. coli O157:H7 are lacking. 
Therefore, this study was designed to address the 
information gap pertaining to the prevalence and 
antibiotic susceptibility profiles of non-sorbitol 
fermenting E. coli O157:H7 isolated from meat 
marketed in Dharan city. 
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Materials and Methods 
Study site and study sample 

This was a laboratory based cross-sectional study 
carried out in Dharan Sub-metropolitan city from 
December 2016 to May 2017. Dharan is a small 
city located in Sunsari district (Latitude: 26° 48' 
44.93" N; Longitude: 87° 17' 0.78" E), Sunsari 
Nepal with 2112-hectare area and located in the 
eastern Terai of Nepal stretching from the edge of 
northern Mahabharat hill range up to the 
Charkoshe Jhadi in south separating from the 
southern Terai (Figure 1). The samples sites were 
selected by simple random sampling following 
lottery method from meat retail shops of different 
locations of Dharan Sub metropolitan city. The 
study samples were a total of 24 meat samples (6 
chicken, 6 buffalo, 6 pork and 6 goat) collected 
from respective 24 meat shops of local market of 
Dharan. The average meat consumption by 
Nepalese people is high (ABPSD, 2005). 
Apparently the hygienic, condition of meat sold 
in Dharan market is very poor. Despite the wide 
presence of the problems, there is still lack of 
comprehensive survey of food borne pathogens. 
Therefore, Dharan was selected as study site to 
assess microbiological quality of meat. 

Sample collection and transport 

Each sample of mass 25 g was collected in sterile 
plastic bags avoiding possible contamination. 
Meat samples were collected between 8:00 to 
9:00 AM, maintained in ice cold box and were 
transported to the microbiology laboratory of 
Central Campus of Technology, Tribhuvan 
University, Dharan, Nepal and processed within 2 
h of collection. In case of delay the samples were 
preserved at 4℃ for not more than 24 h (U.S 
FDA, 2015).   

Experimental Design 

Processing of meat sample 

Processing of sample and isolation of E. coli was 
done as described by Sheikh et al. (2013). Meat 
sample (25 g) was aseptically transferred into a 
sterile beaker and was disinfected with 70% v/v 
ethanol and then it was later rinsed with 100 ml 
double distilled sterile water. The sample was 
homogenized with help of meat mincer (Philips 
Ltd., India). Then the homogenate was poured 
into the conical flask containing 225 ml of 
EC0157:H7 Enrichment Broth (HiMedia, India) 
and incubated at 37℃ for 24 h. 

Figure 1 
Map of study site, Dharan Sub-Metropolitan city 

Screening of non-sorbitol fermenting E. coli 

After the end of incubation, a 100 µl of 
suspension was inoculated and streaked on 
surface of Sorbitol MacConkey agar (SMAC) 
(HiMedia, India) and were incubated at 37℃ for 
24 h. After incubation, the plates were observed 
for the round, smooth and colorless colonies. 
Suspected non-sorbitol fermenting colonies were 
selected and streaked on Eosin Methylene Blue 
(EMB) (HiMedia, India) and plates were 
incubated at 37℃ for 24 h. After 24 h of 
incubation, colonies producing green metallic 
sheen were streaked on Nutrient Agar (NA) 
(HiMedia, India) and incubated at 37℃ for 24 h. 
Further, the pure culture was inoculated in the 
test tube containing sorbitol broth and incubated 
at 37℃ for 16-18 h for reconfirmation of non-
sorbitol fermenting E. coli. After incubation, the 
test tubes with no color change suspected of non-
sorbitol fermenting E. coli isolates were selected 
and streaked again on Nutrient Agar. After 
obtaining the pure culture, the organisms were 
identified by using Standard Microbiological 
Techniques as described in Bergey’s Manual of 
Systematic Bacteriology (Garrity et al., 2005). E. 
coli isolates were identified based on evidence 
from colony characteristics, Gram’s staining and 
biochemical tests like Indole test, Methyl red test, 
Voges-Proskauer test, Simon Citrate Agar test, 
Urease production test, and SIM test (Sulfur, 
Indole, Motility). 

Antibiotic Susceptibility Testing 

Antimicrobial Susceptibility Test of isolated 
bacteria was done as described by the Modified 
Kirby Bauer Disk Diffusion method following 
Clinical and Laboratory Standards Institute 
guidelines (CLSI, 2015). Fresh 4-5 colonies were 
selected and transferred into the 5 ml Nutrient 
Broth (NB) (HiMedia, India) to obtain turbidity 
equivalent to 0.5 McFarland standards (1.5x108 
CFU/ml). Mueller Hinton Agar (HiMedia, India) 
plates were inoculated with bacterial suspension 
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through cotton swabs. Then antibiotic discs were 
placed with sterile forceps and allowed to stand at 
room temperature for 15 min for pre-diffusion 
followed by incubation at 37℃ for 24 h. A wide 
range of antibiotics namely Amoxicillin, 
Ampicillin, Cefotaxime, Cefixime, Amikacin, 
Tetracycline, Ceftriaxone, Ceftazidime, 
Ciprofloxacin, Chloramphenicol, Nalidixic acid, 
Erythromycin, Nitrofurantoin, Teicoplanin, 
Imipenem, Cotrimoxazole and Gentamycin were 
used for antibiotic susceptibility test. The zones 
of inhibition were interpreted as susceptible, 
intermediate and resistant. 

Quality Control 

Aseptic condition was maintained during media 
preparation, sample collection, sample processing 
and culture identification. Strain of E. coli ATCC 
25922 was obtained from Department of 
microbiology, Central Campus of Technology, 
Dharan and was used as a positive control. Before 
data collection, 5% of pretest was done at the 
meat shops. Reagents and culture media were 
regularly monitored for expiry date and proper 
storage. Laboratory equipment like incubator, 
refrigerator, autoclave and hot air oven were 
regularly monitored. 

Data Analysis 

The data was documented and tabulated in MS 
Excel 2010. The data were statistically analyzed 
by Chi-square test to establish the association 
between variables at 95% level of confidence by 
SPSS version 16.0 and p<0.05 was considered to 
be statistically significant. 

Table 2 

Results 

Prevalence of non-sorbitol fermenting E. 
coli 

In this study, the incidence of non-sorbitol 
fermenting E. coli in total meat samples was 
found to be 10 (41.66%). The incidence of non-
sorbitol fermenting E. coli was 3 (50%) in 
chicken meat, 3 (50%) in buffalo-meat, 2 
(33.33%) in pork and 2 (33.33%) in goat meat 
(p=0.877). The highest occurrence of non-sorbitol 
fermenting E. coli was found in chicken and 
buffalo-meat followed by lower incidence in pork 
and goat-meat (Table 1). 

Table 1 
Occurrence of sorbitol non-fermenting E. coli 

Meat sample (n) Prevalence of 
non- sorbitol 

fermenting E. coli 
(%) 

Chi-square 
value  

(p-value) 

Chicken (n=6) 3 (50%) 
0.686 

(0.877) Buffalo-meat (n=6) 3 (50%) 
Pork (n=6) 2 (33.33%) 
Goat-meat (n=6) 2 (33.33%) 
Total (n=24) 10 (41.66%) 

Colonial characteristics and biochemical 
reactions 

The non-sorbitol fermenting E. coli isolates were 
colorless, round configured, smooth margin, 
raised elevation, Gram-negative (Table 2). 

Colonial characteristics and biochemical reactions of non-sorbitol fermenting E. coli 

Antibiotic Susceptibility Pattern of E. coli 

All E. coli isolates exhibited 100% resistance to 
amoxicillin, ampicillin and ceftazidime and 
highest sensitivity towards gentamycin (90%), 

amikacin (80%), ceftriaxone (80%) and 
chloramphenicol (80%) (Table 3). 

Organism Colony characteristics Biochemical reactions 

E. coli Configuration Margin Elevation Color Test Result 
Round Smooth 

colonies 
with entire 

edge 

Raised Colorless 
and 

yellowish 
white 

Gram’s stain 
Catalase 
Oxidase 
Indole 
MR 
VP 

Citrate 
SIM 

- 
+ 
- 
+ 
+ 
- 
- 
+
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Table 3 
Antibiotic susceptibility pattern of non-sorbitol fermenting E. coli 

Antibiotics Resistant Intermediate Sensitive Chi-square (p-value) 
C B P G C B P G C B P G 

Amoxicillin (AMX) 30% 30% 20% 20% - - - - - - - - - 
Ampicillin (AMP) 30% 30% 20% 20% - - - - - - - - - 
Ceftazidime (CAZ) 30% 30% 20% 20% - - - - - - - - -
Cefotaxime (CTX) 30% 10% 20% 20% - 20% - - - - - - 11.52 (0.001) 
Ceftriaxone (CTR) 10% - - - - - - 10% 20% 30% 20% 10% 14.70 (0.001) 
Cefixime (CFM) 10% - - - 10% 10% - 20% 10% 20% 20% - 3.90 (0.142)
Clotrimazole (COT) 10% 10% - 10% - 10% - 10% 20% 10% 20% - 5.7 (0.058)
Amikacin (AK) 10% - - - - - - 10% 20% 30% 20% 10% 14.70 (0.001)
Gentamycin (GEN) - - - - 10% - - - 20% 30% 20% 20% 21.9 (p<0.001) 
Tetracycline (TE) 10% 10% - 10% - - - - 20% 20% 20% 10% 11.10 (0.004)
Nalidixic acid (NA) 20% 30% - 10% - - - - 10% - 20% 10% 8.4 (0.015) 
Ciprofloxacin (CIP) 10% 20% - 10% 20% 10% 20% 10% - - - - 0.800 (0.371) 
Chloramphenicol(C) - 10% - - - - - 10% 30% 20% 20% 10% 14.70 (0.001) 
Imipenem (IPM) 20% 10% - - - 10% 10% 20% 10% 10% 10% - 0.30 (0.861)
Erythromycin (E) 20% 20% - 10% 10% 10% 20% 10% - - - - 0.00 (1.00)
Teicoplanin (TEI) 30% 20% 20% 20% - - - - - 10% - - 12.80 (p<0.001) 
Nitrofurantoin (NFT) 20% - - 10% 10% 20% - 10% - 10% 20% - 0.300 (0.861)

Abbreviation. C-Chicken meat, B-Buffalo-meat, P-Pork and G-Goat-meat 

Discussion 
Semi-processed meat and its products are 
commonly consumed in traditional Nepalese 
diets. Different E. coli strains such as 
enterohaemorrhagic E. coli (EHEC), 
enteropathogenic E. coli, enteroaggregative E. 
coli (EAggEC), enterotoxigenic E. coli (ETEC), 
enteropathogenic E. coli (EPEC), enteroinvasive 
E. coli (EIEC) and diffusely adherent E. coli
(DAEC) cause diarrhea in humans. Although
other serotypes exist, the most commonly
reported enterohaemorrhagic E. coli in epidemic
outbreaks is non-sorbitol fermenting E. coli
O157:H7 (Lupindu et al., 2014). EHEC also
referred as Shiga toxin (verotoxin)-producing
Escherichia coli (STEC) resides in the
gastrointestinal tract of cattle and other ruminants
where contamination of meat with STEC during
slaughter is a principal route by which these
pathogens enter the food supply (Terajima et al.,
2017). Sorbitol negative E. coli was commonly
encountered from several clinical infections.
Ojeda et al. (1995) described that all the EHEC
strains from patients with Hemolytic-uremic
syndrome, irrespective of O:H serotype or shiga-
like toxin genotype, were sorbitol negative.

In the present study, the prevalence of non-
sorbitol fermenting E. coli was found to be high 
10 (41.66%) in comparison to other studies 
performed by Bekele et al. (2014), Gousia et al. 
(2011) and Zhao et al. (2001). The distribution of 
E. coli in different meat samples of the present
study was not statistically significant (p=0.877).
Study by Khalafalla et al. (2015) reported highest
prevalence of E. coli from meat samples which
was not in agreement to this study.

Antimicrobial resistance emerges from the use of 
antimicrobials in animals and human, and the 
subsequent transfer of resistance genes and 
bacteria among animals, humans, animal products 
and the environment (Goncuoglu et al., 2010). 
With regard to the antibiogram of E. coli in the 
current study, all the 10 E. coli isolates subjected 
to antimicrobial sensitivity test were found to be 
100% resistant against amoxicillin, ampicillin 
and ceftazidime which is in agreement with the 
result of Ali et al. (2010). According to Al-Ajmi 
et al. (2020), isolated E. coli were 100% 
susceptible to cefotaxime and chloramphenicol 
but in this study the isolates were 80% 
susceptible to chloramphenicol and 80% resistant 
to cefotaxime. In this study, highest prevalence of 
antibiotic drug resistance pattern was observed in 
E. coli isolates from chicken meat. The possible
reason is the unauthorized use of antibiotics in
poultry feed in order to improve livestock
production. Irrational use of antibiotics drugs
induces drug resistance in gut flora. Commensal
bacteria found in livestock are frequently present
in fresh meat products and may serve as
reservoirs for resistant genes that could
potentially be transferred to pathogenic
organisms in humans (Landers et al., 2012).

Multidrug resistance (MDR) is defined as 
insensitivity or resistance of a microorganism to 
the administered antimicrobial medicines (which 
are structurally unrelated and have different 
molecular targets) despite earlier sensitivity to it 
(Tanwar et al., 2014). Multidrug resistance E. coli 
was dominant (100%) in the present study. This 
finding was similar to the findings made by 
Bekele et al. (2014). According to Abreham et al. 
(2019), E. coli isolates were moderately 
susceptible to ceftazidime, which did not agree to 
the results of current study. 
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Lack of meat inspection, infrastructure, well-
trained workers, use of unhygienic water and 
selling of meat in open places and poor sanitation 
of meat shop and meat animals play additive role 
to increase the rate of contamination in meat and 
increase the risk of acquiring the food borne 
illness via the consumption of meat (Upadhayaya 
and Ghimire, 2018). Microbiological quality is 
important from public health point of view. These 
findings are able to demonstrate the current status 
of hazards associated with contaminated meat 
consumption. 

Conclusion 
In conclusion, the present study reported high 
prevalence of non-sorbitol fermenting E. coli 
O157:H7 in meat samples with high antibiotic 
drug resistance pattern to wide range of 
antibiotics. Poor hand hygiene, use of untreated 
water, lack of sanitation and equipment can 
function as a source for bacterial contamination 
of meat. In order to prevent such contamination 
butchers, have to improve their hygiene practice. 
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Abstract 

Dahi with 4.15% fat and 11% solids-not-fat (SNF) was prepared from cow milk, pasteurized at 
85℃ for 15 min and cooled to 25℃. Fermentation kinetics was studied to study the effects of 
sugar concentration (2 to 10%) and starter-level (1 to 3%) on cell growth, lactic acid production 
and its rate, pH, and lactic acid bacteria (LAB) count which was monitored every 3 h until the 
total of 15 h fermentation time. The biomass growth rate was very high for 10% sugar at 2% 
inoculum levels i.e., lnX/Xt = 30.74. Similarly, the lactic acid production rate was maximum 
(0.17%) for 2% sugar at 1% inoculum level. The overall maximum growth rate was observed at 
6% sugar concentration for all inoculum concentrations.  The highest growth rate of 0.8 per hour 
was seen for 1% inoculum at 6% sugar concentration and the pH for the entire process 
decreased from 6.5 to 4.4 when fermented at room temperature (28℃). The decrease was steep 
and a gradual fall in pH was obtained at 8 h of fermentation in 2% and 8% sugar levels at all 
inoculum levels. From the study, inoculation and sugar levels showed a significant effect on the 
specific growth rate, pH, and the total lactic acid bacterial counts thereby heading one step 
possibility of commercialization of indigenous product dahi through optimization of the process 
variables. 
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Introduction 
Fermented dairy foods have been a crucial part of 
the human diet worldwide since ancient times. 
Lactic acid bacteria have an essential role in milk 
fermentation and preservation since lactic acid 
bacteria display numerous antimicrobial activities 
in fermented foods. This is mainly due to the 
production of organic acids. Therefore, Lactic 
acid bacteria exert strong antagonistic activity 
against many microorganisms, including milk 
spoilage organisms and pathogens (Gemechu, 
2015). The basic and simple process of making 
dahi is well known to all, but no detailed 
knowledge of its biochemical and physical 
changes has been developed so far. 

Dahi is a fermented milk product produced 
through the fermentation process by deliberately 
adding live, harmless, lactic acid-producing 
bacteria in the form of culture to milk. The added 

mailto:arjun.ghimire@cct.tu.edu.np
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lactic acid bacteria grow in milk medium, 
produce lactic acid, acetic acid, and carbon 
dioxide through the consumption of lactose in the 
milk (Narender et al., 2013). The indigenous dahi 
is prepared for sale in earthenware pots at home 
and local level. More than 50% of the total milk 
produced in Nepalese households is believed to 
be processed into dahi: only a small quantity of 
milk produced is sold as such (Joshi and Bahadur, 
2015). An important intermediary step in the 
production of nauni, ghee (Kharel et al., 2010), 
mohi, and chhurpi (Dewan and Tamang, 2007) is 
the conversion of milk into dahi. The quality of 
dahi in the local market varies from shop to shop 
as there is no well-described standard for the 
fermented products. Poor quality milk, 
unhygienic practices associated with the process 
involved and the use of “wild type” of starter 
culture give rise to poor grade dahi having six to 
twelve hours shelf-life under normal room 
temperature conditions (Younus et al., 2002). 

The most significant fermentation in dairy is the 
fermentation or souring of milk with lactic acid 
(De, 2000). Lactose is a sugar found in raw milk 
that has been fermented by lactic acid bacteria. 
Therefore, the fermentation of lactose occurs 
naturally in milk, which is uncontrollable and 
leads to a spoiled product. To produce desirable 
and more palatable milk products like yogurt, 
buttermilk, sour cream, acidophilus milk, kefir, 
koumiss, bulgaricus milk, the idea of inoculating 
various selected strains of lactic acid bacteria 
(pure or mixed) in the milk or the by-products has 
been developed (Chandan, 2004). The 
fermentation process improves the nutritional 
quality, digestibility, and bioavailability of 
nutrients, while also reducing anti-nutritional 
factors and enhancing the shelf life and safety of 
the product (Tamang et al., 2016). Traditional 
uses of many LB as fermentation agents for foods 
are considered to be safe for the general 
population. Lactic acid bacteria cause rapid 
acidification of food due to the production of 
acids, primarily lactic acid. Other metabolites 
associated with LAB include acetic acid, 
ethanol, aromatic compounds, bacteriocins, 
exopolysaccharides, and several enzymes. 
These compounds result in the enhancement of 
shelf life and microbial safety, as well as the 
improvement of texture and sensory profile of the 
fermented products (Leroy and De Vuyst, 2004). 

During the fermentation process of preparing 
dahi, numerous physical and chemical changes 
occur, which have been overlooked by individuals 

who focus solely on their pattern of consumption. 
This research, therefore, emphasizes not only the 
physicochemical aspects but also the parameters 
of kinetics that are also involved during the dahi 
making process. The main purpose of this 
research was to understand the effect of 
concentrations of sugar and culture during the 
fermentation of dahi. 

Materials 

Milk 

Cow milk consisting of 4.15% fat and 6.15% 
solids-not-fat (SNF) was brought from Laxmi 
Farm, Itahari, Nepal. 

Culture 

A previous day dahi culture was brought from the 
same milk farm and serial dilution was carried 
out followed by spread plating in De Man, 
Rogosa and Sharpe (MRS) Agar to calculate its 
microbial count. 

Skim milk powder 

Skim milk powder testing 95% Milk-Solids- Not- 
Fat (MSNF) manufactured by Sujal Dairy Pvt. 
Ltd., Pokhara, Nepal was obtained from Jivan 
Bikash Dairy Pvt. Ltd., Biratnagar, Nepal. 

Fermentation container 

Forty-five food grade, odorless, and non-
breakable plastic cup (300 ml) was used for 
fermentation brought from the local market of 
Dharan, Nepal. 

Equipment and glasswares 

The following equipment were used in this study: 

Electronic balance (Model: HZT-A500, India), 
Hot air oven (Navyug Udyog, Haryana, India), 
Gerber centrifuge, Suction pump were taken from 
Food Technology Department, Dharan Multiple 
Campus, Dharan, Nepal. 

The routine laboratory glasses like petri plates, 
pipette, burette, and other accessories were taken 
from Food Technology Department, Dharan 
Multiple Campus, Dharan, Nepal. 

Chemicals required 

Sodium hydroxide, sulfuric acid, hydrochloric 
acid, phenolphthalein indicator, amyl alcohol, and 
Gerber sulphuric acid procured from 
Thermofisher Scientific Pvt. Ltd, India, oxalic 
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acid of laboratory-grade was purchased from 
Merck Specialties Pvt. Ltd, India.   

Methods 

Preparation of dahi 

Dahi was prepared by fermentation as shown in 
Figure 1. Milk was preheated to 50°C, skim milk 
powder was added and thereafter, the milk was 
pasteurized at 85°C for 30 min and cooled to 
28°C. The cooled milk was inoculated with 
various concentrations of local starter culture (1, 
2 & 3%), and sugar (2%, 6%, 10%) incubated at 
room temperature (28℃) for 15 h. The 
fermentation of milk was carried out in 300 ml 
plastic cups and stored at 5℃ for 24 h for 
chemical analysis.  

Receiving a milk 

Pre-heating (50℃) 

Filtration/Clarification to remove suspended 
particles 

Milk standardization: 4.15% fat, 11% SNF to 
improve body and texture 

Pasteurization (85℃ for 30 min) 

Cooling (28℃) 

Addition of sugar (2%, 6%, 10%), and starter 
culture (1, 2 and 3%) 

Packing in 300 ml plastic cups 

Incubation at room temperature for 15 h with 
frequent analysis of pH, lactic acid, LAB growth 

every 3 h 

Dahi 

Cooling and Storage (5℃) 

Figure 1 
Dahi preparation outline 

Fermentation 

About 250 g of the standardized milk was put in 
the respective sterile plastic cup of 300 ml and 
then the various percentage of sugar and starter 
culture obtained from the central composite 
design using Design Expert V7.1.5 was added 
and covered with aluminum foil. It was then left 

for fermentation in a room at 28℃ for 15 h and 
the 250 g samples were aseptically taken at every 
3 h interval. 

Microbial analysis 

1 g of sample was weighed in a digital balance 
and then transferred into the test tube containing 
9 ml of distilled water and then vortexed for 2 
min. Serial dilution from 10-1 g/ml till 10-4 g/ml 
was performed (Maheshwari, 2002). 

Analytical procedure 

The pH of the sample was determined directly 
using a digital pH meter (Type 361, Systronics, 
India) calibrated with standard buffer solutions 
(Merck) (Ranganna, 1986). Titratable acidity was 
expressed as a percentage of lactic acid in the 
sample (AOAC, 2005). 

Fat content of dahi 

Fat was determined by the Gerber method 
according to the method described in the National 
Dairy Development Board (NDDB, 2001). 

Lactic acid bacteria (LAB) count of dahi 

LAB count was determined by counting the 
number of colonies in the Petri plates with the 
help of a colony counter (Dewan and Tamang, 
2007). 

Recipe optimization in the preparation of 
dahi 

The experimental design (D-optimal, 2 Factors, 3 
Levels, and 13 Runs) was done as shown in Table 
1 with Design Expert V7.1.5 using 3 levels of 
sugar (2, 6, and 10 g) and 3 levels of culture (1, 2 
and 3 g). 

Biomass concentration for sugar and 
inoculums level variation 

The effect of biomass concentration for variation 
in sugar and inoculums level was studied with the 
help of a logarithmic graph. Time (h) was plotted 
on X-axis and logarithmic biomass on Y-axis. 
The nature of curves demonstrated the fall and 
growth of the biomass concentration. 

Specific growth rate (µ) for variation in 
inoculums and sugar level 

Lactic acid is expressed in percentage and studied 
based on time for every 3 h intervals. Similarly, 
the specific growth rate is expressed per hour. 
The rise and fall of the growth rates can be 
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illustrated with the nature of the pattern of the 
graph. 

Table 1 
Experiment plan generated by Design Expert 
v7.1.5 

Runs Factor 1: Sugar Factor 2: Culture 

1 6 1 
2 6 2 

3 10 3 

4 6 2 

5 6 2 

6 6 3 
7 6 2 

8 2 2 
9 2 1 

10 10 2 

11 10 1 

12 2 3 
13 6 2 

Results and Discussion 

Variation of biomass 

The presence of sugar substances as a carbon 
source in a fermentation medium induces positive 
increases in biomass during fermentation. In 
every graph, a short lag period is observed with 
the maximized log phase but the existence 
seemed different from the difference in sugar 
concentrations. The log phase was found to be 
increased with increasing sugar concentrations at 
every inoculum level as seen in Figure 2. 

Figure 2 
Growth pattern of lactic acid bacteria for (a) 2%, 
(b) 6%, and (c) 10% sugar at different inoculums
level viz. 1%, 2% and 3%

Biomass development was less comparable for 
the 2% sugar level with different 1, 2 & 3% 
inoculums. Because of the rising metabolite rate, 
a huge proportion of biomass growth was 
observed in 10% sugar followed by 6% and 2% 
sugar concentrations. The maximum biomass was 
observed in 10% sugar with a 2% inoculum level 
(lnX/Xt = 30.74). A similar type of growth 
pattern was observed by Ginovart et al. (2002) in 
the growth rate of S. salivarius subsp. 
thermophilus and L. delbrueckii subsp. bulgaricus 
in yogurt where the log phase was observed up to 
6 h keeping lactose as the only substrate. It is 
because in the initial phase rising substrate 
concentration allows a feasible environment for 
lactic acid bacteria to multiply rapidly to their 
peak level and then decreased subsequently. The 
rate of growth progressively decays as a result of 
the increase of lactic acid in the medium 
(Ginovart et al., 2002). 

Lactic acid formation kinetics 

For various sugar levels, the inoculum levels 
were kept constant, i.e., 1, 2 and 3%. During 
fermentation, the rate of growth and the rate of 
lactic acid biosynthesis were both affected, in 
addition to the use of sugar. The synthesis of 
lactic acid during fermentation is shown in Figure 
3 for 2, 6 and 10% sugar level and inoculum 
portion of 1, 2 and 3%.  

Figure 3 
Lactic acid production for (a) 2%, (b) 6%, and (c) 
10% sugar during fermentation 

The rate of production of lactic acid appears to be 
higher for 2% sugar at a 1% inoculum than for 
6% and 10% at all inoculum levels, respectively. 
It is because, as long as sugar is available, lactic 
acid bacteria do not use lactose for the same 15 h 
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of fermentation for acid production. With a 
limited supply of sugar, lactose must be used by 
bacteria for the production of acid. During 
fermentation, the data showed the maximum 
lactic acid percent was 0.171% for 2% sugar level 
at 1% inoculum while the maximum values 
approached the same i.e., 0.15% lactic acid for 
6% and 10% sugar at 2% inocula, respectively. 

Different mixture of culture from S. thermophilus 
(HST, 197) and L. bulgaricus (RTS, Yb) was 
studied by Walia et al. (2013) for total acid 
production for 2 to 10 h of incubation in cow's 
milk and buffalo milk. It was observed that with 
the increase in incubation time, a combination of 
different strains in both types of milk increased 
the production of acid in the culture. Earlier 
studies by Mocquot and Hurel (1970) and Tramer 
(1973) also showed that there was a rise in acid 
production in the cultivation combinations of 
different strains in both cow and buffalo milk 
from 10 to 12 h of incubation with the rise in 
fermentation period. 

Variation of specific growth rate (μ) 

The inoculum levels for different sugar levels 
were kept constant i.e., 1, 2 & 3% while the 
substrate concentration changed frequently for 
the study. The change in the growth rate for 2%, 
6%, and 10% sugar is described in Figure 4. 

 

Figure 4 
Variation of specific growth rate (μ) for (a) 2%, 
(b) 6%, and (c) 10% sugar at 1, 2 & 3% 
inoculums levels  

The overall maximum growth rate was observed 
at 6% sugar concentration for all inoculum 
concentrations. The highest growth rate of 0.8 h-1 
was seen for 1% inoculum at 6% sugar 
concentration.  The growth rate pattern during the 
fermentation process was characterized by a short 
lag period up to 3 h, followed by rapid biomass 
growth and simultaneous lactic acid biosynthesis. 
2% and 10% sugar fermentation displayed a long 
duration of slow development i.e., specific 
growth rate of 0.56 h-1 in the first 3 h affecting 
the fermentation time. Ginovart et al. (2002) also 
observed the increase in the number of bacterial 
cells in pure and mixed cultures of S. 
thermophilus (S.) and L. bulgaricus (L.) in yogurt 
till 4 h of fermentation time. The growth of 
biomass during the fermentation cycle indicates 
the active participation in the uptake and 
consumption of sugar. 

Change in pH 

The pH decreased dramatically during the time of 
fermentation which was due to the fast action of 
the lactic acid bacteria against the metabolite. 
Until the sugar is completely used for biomass 
development, lactose cannot be used for the 
production of acid. The changes in pH during 
dahi fermentation are depicted in Figure 5. 

 
Figure 5 
Effect on pH level during fermentation for (a) 
2%, (b) 6%, and (c) 10% sugar 

During fermentation, the pH for the entire process 
decreased from 6.5 to 4.4. The decrease was steep 
and a gradual fall in pH was obtained at 8 h of 
fermentation in 2% and 8% sugar levels at all 
inoculum levels. However, the process was 
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delayed with increased sugar levels and the final 
pH was found to be 5.5 after 15 minutes of study. 
The use of lactose in dahi continues as long as 
the external pH enables the lactic acid bacteria to 
metabolically function.  In a study conducted by 
Varghese and Mishra (2008), the yogurt produced 
lactic acid and the pH had reached 4.0 where L. 
bulgaricus ceased its metabolic function and no 
further use of lactose occurred. Further 
conversion of lactose was possible by redirecting 
the metabolism of lactic acid bacteria toward the 
development of more pH-neutral components. 
The pH decreases faster by 2% sugar level 
compared to other levels in the samples despite 
inoculum levels. The LAB used them completely 
and quickly because of the low percentage of the 
sugar so that the high amount of lactose usage 
increased to fall in pH. 

Conclusion 
During the fermentation, sugar followed by 
inoculum concentration has a significant impact 
on the biomass growth, lactic acid formation, 
specific growth, and pH of dahi. The growth 
phase was found to be increased with increasing 
sugar concentrations at every inoculum level. The 
lactic acid formation was found to be highest at 
low sugar concentrations. The specific growth 
rate was optimum at 6% sugar level and found to 
decrease with an increase of lactic acid in the 
medium. The pH decreased sharply by the action 
of lactic acid bacteria towards the metabolite and 
a rapid decrease in pH was seen in low 
concentration of sugar. The kinetics data thus 
obtained can be used to develop a suitable 
mathematical model of lactic fermentation. 
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Abstract 

This study was aimed to evaluate the effect of EDTA blanching, NaCl blanching, and barley 
sprouts addition on the reduction of oxalates in starfruits juice. The effect of EDTA (0-0.6%), 
NaCl (0-10%), and sprouts (0-3%) treatments was evaluated by response surface methodology. 
EDTA, NaCl, and sprouts treatments had significant effects (p<0.05) on oxalate reduction. EDTA 
and NaCl treatments during blanching had a quadratic effect on the reduction of oxalate content 
of starfruit juice, while the addition of sprouts had a linear effect. Juice treated with all three 
factors had the maximum reduction, which was significantly higher (p<0.05) than individual 
treatments. The oxalates content was reduced to 6 mg/100 ml which is comparable to carrot 
and grapes juices and is considered as a normal oxalates level. Amongst the two factors 
treatment, the combination of EDTA and NaCl treatment had a significantly high reduction 
(p<0.05) as compared to other combinations. No significant difference (p>0.05) was obtained 
between the samples treated with EDTA (0.495%) or NaCl (10%) treatment in combination with 
sprouts addition. The regression expression for the oxalates reduction in response to these 
treatments was derived and validated. 
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Introduction 
Starfruit (Averrhoa carambola), variably 
recognized in Nepal as “Kantaraa”, 
“Chaarpaate” or “Madaane” is valued for its 

distinct refreshing sweet and sour flavor. The 
ripe star fruits are usually consumed fresh as 
desserts or processed into fermented or 
unfermented drinks, confectionaries, and jam, 
and/or jelly (Minh, 2014; Patil et al., 2010). 
Starfruits are also valued for their nutritional 
and medicinal properties. They have high 
vitamin levels, crude fibre, and minerals, 
especially potassium (Othman et al., 2004). 
The bioactive compounds like pigments, 
vitamins, and polyphenols in starfruits promote 
the health of humans as anti-oxidative, anti-
inflammatory, anti-microbial, anti-septic, anti-
pyretic, anti-ulcer, anti-diabetic, anti-
carcinogenic, and anti-aging agents (Kumar 
and Arora, 2016; Muthu et al., 2016). Star 
fruits are traditionally used for treating eye and 
throat infection, diarrhea, mouth ulcer, food 
poisoning, cough, and asthma (Barman et al., 
2016) and also for diabetes mellitus because of 
their hypoglycemic effects (Wijayaratne et al., 
2018).  

Besides the sensory, nutritional, and medicinal 
benefits of starfruits, their high oxalic acid 
content has aroused serious concerns (Hönow 
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and Hesse, 2002; Massey, 2007; Sorensen, 
2014; Sá et al., 2019). The consumption of 
oxalic acid increases the formation of insoluble 
calcium oxalate salts which get deposited in 
the small blood vessels or to the units in the 
kidneys that clean blood (Chen et al., 2001; 
Wijayaratne et al., 2018). Excessive consumption 
of star fruit has been associated with the 
development of oxalate nephropathy in 
patients with both normal and abnormal 
baseline renal function (Barman et al., 2016; 
Wijayaratne et al., 2018). Consumption of high 
oxalic acid-containing food also decreases 
calcium absorption in the body (Von Unruh et 
al., 2004). The high amount of oxalic acid in 
starfruits (69-102 mg/100 g) (Gheewala et al., 
2012; Patil et al., 2010) should therefore be 
reduced.  

Various strategies have been used for the 
reduction of oxalates in foods. An attempt to 
reduce the oxalates content by thermal 
treatment was reported to follow first-order 
kinetics with a half-life of 2500-2800 years at 
80°C and pH 5-7, which is practically not 
feasible (Crossey, 1991). Therefore, most of 
the strategies used to reduce oxalates like 
washing, soaking (with CaCl2, NaCl), and 
blanching (normal or with EDTA, NaCl, 
CaCl2, etc.) are primarily associated with the 
leaching out of oxalates present in the products 
(Dahal and Swamylingappa, 2006; Hefter et 
al., 2018; Rofi’ana et al., 2018; Savage and 
Dubois, 2006; Thapa et al., 2017). The effect 
of these treatments usually increases with 
increasing temperature and time (Dash and 
Gurumoorthi, 2011; Patel et al., 2018; Thapa et 
al., 2017). In recent years, the introduction of 
oxalate degrading enzymes such as oxalate-
oxidase, oxalate decarboxylase, oxalyl-CoA 
decarboxylase, and formyl-CoA transferase is 
becoming popular for the reduction of oxalates 
content in foods (Conter et al., 2019; Federici 
et al., 2004; Kanauchi et al., 2009; Zhao et al., 
2018).  Barley sprouts are rich the oxalate 
degrading enzymes that can potentially be 
incorporated for the reduction of oxalates 
content in food products (Brudzyński and 
Salamon, 2011; Kanauchi et al., 2009). 

This study was aimed to evaluate if the 
treatments, namely EDTA blanching, NaCl 
blanching, and sprouts addition can reduce the 
high oxalates content in star fruit juice to a 
normal level. The individual and combined 
effects of these treatments were studied to 

derive a prediction expression for the reduction 
of oxalates content in starfruit juice. 

Materials and Methods 

Materials 

Fully mature starfruit was collected from 
Gaindakot-1, Nawalpur. Barley seeds (Hordeum 
vulgare var. Bonus) grown at Rampur, 
Chitwan was collected from Saajha Agrovet, 
Bharatpur, Chitwan. Ethylene-diamine-tetra-
acetate (EDTA) disodium salt (Qualikem’s 
Fine Chemical Pvt. Ltd.) and NaCl (Salt 
Trading Corporation Ltd.) available at Nagarik 
College were used. 

Preparation of starfruit juice 

Starfruits were washed with clean water and 
were cut vertically crease-wise after removing 
the side ridges. The core and seeds were 
discarded as they impart tartness. The fruit 
pieces were blanched at 85±2℃ for 3 min. 
Constant blanching water to fruit ratio of four 
was used (Behera et al., 2017). Blanching was 
carried out in batch, with different 
concentrations of EDTA (0-0.6%) and NaCl 
(0-10%). The blanched samples were rinsed 
with sterile water and crushed to obtain juice. 
Fresh barley sprouts (Day-7, 25℃) coleoptile 
(0-3%) were plucked, crushed, and added to 
the juice for 4 h at 37℃. Then, the juice was 
filtered and clarified through Whatman No. 4 
filter paper, then filled in a sterile bottle and 
pasteurized at 72±2℃ for 30 s. The sample 
was immediately transferred to a deep-freezer 
(-18±2℃) until final analysis.  

Proximate and physiochemical evaluation 

The raw starfruit sample was taken to 
determine the proximate components and the 
starfruit juice sample was taken for 
determining physiochemical components. The 
contents of moisture, crude protein, crude fat, 
total ash, crude fibre, calcium, potassium, 
sodium and iron, pH, and acidity (as % citric 
acid), were analyzed as per Ranganna (1986). 
Total carbohydrate was evaluated by the 
difference method. Total soluble solids (TSS) 
were evaluated by using a refractometer and 
the Brix-acid ratio was calculated. 

Oxalic acid determination 

Estimation of oxalic acid content was carried 
out as described by Naik et al. (2014) with 
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minor modifications. Briefly, 0.5 ml of the 
sample was transferred to 30 ml of 0.25 N HCl 
and was boiled in a water bath for 15 min. 
Then the total sample volume was made 50 ml 
by adding 0.25 N HCl. In a culture tube, 1 ml 
of sample extract was taken, then 5 ml of 2N 
H2SO4 and 2 ml of 0.003M KMnO4 were 
added and incubated at 37℃ for 10 min. 
Absorbance was read at 308 nm in UV-Vis 
Spectrophotometer (Shimadzu, USA). Oxalates 
contents were determined by comparing the 
absorbance with the calibration curve obtained 
for the standard oxalic acid solution (0-1 
mg/ml).  

Experimental design of treatments 

Response surface methodology (RSM) was 
used to understand the effect of EDTA (0-
0.6%) blanching, NaCl (0-10%) blanching, and 
sprout (0-3%) addition on the reduction of 
oxalates in star fruit juice. The juice sample 
obtained with normal blanching i.e., EDTA 
0%, NaCl 0%, and sprouts 0% were considered 
as control with 100% oxalates, while the 
response for different combinations of these 
treatments was expressed as the oxalates 
reduction (%) as presented in Table 1. 
Regression evaluation was carried out to predict 
oxalates reduction (%) and was validated for 
different combinations. 

Statistical evaluation 

The results are the mean ± standard deviation 
(SD) of triplicate evaluations. Analysis of data 
was carried by one-way analysis of variance 
(ANOVA) and the mean comparisons were 
done by the Tukey-HSD test where necessary. 
The main, interaction and quadratic effect of 
each of the treatments on the reduction of 
oxalates were evaluated. All statistical 
evaluations were analyzed at a 5% level of 
significance. All statistical evaluations and 
figures were obtained using JMP pro 15 (SAS 
Inc., US). 

Results and Discussion 

Proximate and physiochemical evaluation  

The proximate compositions of the starfruit 
sample and various physicochemical parameters 
of starfruit juice are presented in Table 2. The 
results are in accordance with that reported 
previously (Bhaskar and Shantaram, 2013; 
Narain et al., 2001; Patil et al., 2010). 

Oxalate content in raw and control 
juice 

The oxalates contents were significantly 
reduced (p<0.05) in response to different 
treatments. The oxalates content of the starfruit 
juice was reduced from 93.21 ± 1.27 mg/100 
ml to 80.01 ± 1.53 mg/100 ml after normal 
water blanching. This was a 14.16 ± 0.54% 
reduction of initial oxalates content. This 
reduction was possibly associated with 
leaching loss in aqueous solution which 
increases with increasing temperature and 
treatment time (Dash and Gurumoorthi, 2011; 
Patel et al., 2018; Thapa et al., 2017). The 
reduction of oxalates could also be partly 
attributed to the hydrolysis of soluble oxalates 
into carbonates with a slight increase in pH 
due to water (Blum, 1912). 

Table 1 
Treatment combinations for the response 
surface evaluation and percentage reduction in 
oxalates content in star fruit juice 

Treatments EDTA 
(%) 

NaCl 
(%) 

Sprouts 
(%) 

Oxalates 
reduction (%) 

S1 0.33 0 1.53 43.48±1.29fg 

S2 0.6 10 3 92.18±2.75a 

S3 0 10 3 54.98±1.59e 

S4 0.3 5 1.5 71.34±2.07c 

S5 0.6 10 0 81.02±2.42b 

S6 0.6 0 0 41.07±1.22fg 

S7 0 0 3 15.03±0.47h 

S8 0.3 5 0 65.76±1.95d 

S9 0 5 1.5 38.47±1.11g 

S10 0.3 5 1.5 71.34±2.12c 

S11 0 10 0 43.83±1.27f 

S12 0.6 2.3 3 67.82±2.02cd 

Control 0 0 0 0i 

Note. The values in the table are arithmetic mean ± SD value 
of triplicate samples. Different superscript letters in the 
column indicate a statistical difference among the sample 
means (p<0.05). 

Effect of EDTA blanching 

The reduction in oxalates content with 
increasing concentrations of EDTA in the 
absence of NaCl and sprout treatment is 
presented in Figure 1a. EDTA (0-0.6%) 
blanching had a quadratic effect (p<0.05) on 
the oxalates content in starfruit juice. With 
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increasing concentration of EDTA during 
blanching, there was a higher reduction in 
oxalates but flattened above 0.3% EDTA. At 
EDTA concentration of 0.4-0.6%, the oxalates 
reductions were comparable and ranged about 
40-42%. The reduction in oxalic acid content
with an increasing concentration of EDTA
treatments was also reported in previous
studies (Dahal and Swamylingappa, 2006;
Thapa et al., 2017). Thapa et al. (2017)
reported that blanching the leaves of Spinacia
oleracea with EDTA solution at boiling
temperature for 2 min with different
concentrations of EDTA (0.1-3 mM) reduced
the oxalates content of spinach by 37-67%.
They further reported that the increase in
EDTA concentration from 2 mM to 3 mM had
no significant difference in the oxalate
reduction. In another study by Dahal and
Swamylingappa (2006), the best method for
the reduction of oxalates in Colocasia tuber
was concluded to be 0.1 mM EDTA.

Table 2 
Proximate and physicochemical composition 
of sample starfruit juice 

Parameters Starfruit 
Moisture (%) 92.24±1.34 
Crude protein (%) 0.42±0.03 
Crude fat (%) 0.29±0.03 
Ash (%) 0.34±0.03 
Crude fibre (%) 1.07±0.05 
Carbohydrate (%) 5.88±2.06 
Calcium (mg/100 g) 4.34±0.48 
Potassium (mg/100 g) 125±0.35 
Sodium (mg/100 g) 3.8±0.05 
Iron (mg/100 g) 0.52±0.34 
pH 3.13±0.06 
Acidity (as % citric acid) 0.42±0.04 
Total soluble solids (°Bx) 7.2±0.06 
Brix-acid ratio 16.14±1.53 
Oxalic acid content 
(mg/100ml) 

93.21±1.27 

Note. The values in the table are arithmetic mean ± SD value 
of triplicate samples. 

The enhanced reduction of oxalates during 
EDTA blanching could be associated with the 
chelating activity of EDTA, which has a very 
high affinity for calcium, resulting in the 
formation of calcium edetate (calcium-
disodium-EDTA). In the presence of EDTA, 
the calcium in solution phase complexes with 
EDTA, shifting the reaction equilibrium and 
lower the calcium oxalate salts, and releasing 
oxalic acid (Verplaetse et al., 1986). EDTA 
concentration 0.03M reportedly dissolved two 

mm calculus within 48 h (Burns and Cargill, 
1987). It is well recognized that oxalic acid is 
five to seven times more soluble than sodium 
oxalates, and therefore has a higher potential 
of leaching in an aqueous solution. 

Figure 1 
The effect of different treatments on the 
reduction of oxalates in starfruit juice. a) 
EDTA blanching; b) NaCl blanching; c) 
Sprouts addition  

Although EDTA treatment reportedly reduced 
the total oxalates in different foods, the 
majority of reductions occur in bound 
fractions, while the overall reduction of soluble 
fraction needs further elaboration. Insoluble 
oxalates in starfruit could range from one-tenth 
to more than a half of the total oxalates content 
(Hönow and Hesse, 2002; Sá et al., 2019). 
Oxalates in a bound state have limited 
bioavailability and very low toxicity (Sorensen, 
2014). Some evidence has revealed a 
proportional increase in oxalate absorption 
with an increase in soluble oxalate content 
(Massey, 2007). However, reduction of total 
oxalates could reduce the risk of associated 
toxicities, if the soluble oxalates content is not 
increased. 
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Effect of salt treatment 

The reduction in oxalates content with 
increasing concentrations of NaCl in the 
absence of EDTA and sprout treatment is 
presented in Figure 1b. NaCl (0-10%) 
blanching had a quadratic effect (p<0.05) on 
oxalates reduction in starfruit juice. With an 
increasing concentration of NaCl during 
blanching, there was a higher reduction in 
oxalates with the maximum reduction of 
43.83±1.27% at 10% NaCl. Thapa et al. (2017) 
also reported a higher reduction of oxalates in 
leaves of Spinacia oleracea with increasing 
concentration of NaCl during blanching. In 
their study, boiling spinach leaves for 2 mins 
in 1% NaCl solution reduced oxalate content 
by 10.45%; and when NaCl was 5%, the 
reduction was 23.79%.  

The reduction in oxalates during NaCl 
treatment could be associated with the 
conversion of insoluble calcium oxalates into 
soluble derivatives and subsequent leaching 
into the aqueous solution (Rofi’ana et al., 
2018). In this study, the reduction in oxalic 
acid content was highly effective with 
increasing concentration of NaCl in the initial 
stage, while the effectiveness was gradually 
reduced at higher NaCl concentrations. This 
could be associated with the reduced solubility 
of sodium oxalates with increasing concentration 
of NaCl (Hefter et al., 2018). Hefter et al. 
(2018) reported that the calcium oxalates in 
purple yam were also reported to reduce more 
with increasing NaCl concentration up to 10%, 
whilst there was less reduction when NaCl was 
further increased to 50%. 

Table 3 
Optimized treatment for maximum oxalates reduction with desirability function 

S. No. EDTA blanching 
(%) 

NaCl blanching 
(%) 

Sprouts addition 
(%) 

Desirability Predicted oxalates 
reduction (%) 

T1 0.495 10 3 0.92 93.88±1.65 
T2 0.495 10 0 0.81 82.08±1.51 
T3 0.495 0 3 0.53 53.05±1.56 
T4 0 10 3 0.54 54.77±1.44 

Note. The values in the table were obtained by using the statistical tool: JMP Pro 15 (SAS Inc.). 

Effect of sprouts treatment 

The reduction in oxalates content with 
increasing concentrations of sprouts in the 
absence of NaCl and EDTA treatment is 
presented in Figure 1c. Barley sprouts (0-3%) 
addition linearly reduced (p<0.05) oxalates in 
starfruit juice. At 3% sprouts addition, oxalates 
reduction of 15.03±0.47% was obtained. The 
reduction of oxalates could be associated with 
the activity of the oxalate oxidase enzyme in 
the sprouts. Barley sprouts especially embryo 
and aleurone are rich in oxalate oxidase and 
the enzyme activity was reported to increase 
with an increasing number of days in its first 
week (Brudzyński and Salamon, 2011; 
Kanauchi et al., 2009). Oxalate oxidase also 
referred to as ‘germin’ is heat resistant and has 

the maximum activity at pH 4.0 with more 
than 80% relative activity in the pH range of 
3.0 to 5.0 (Kanauchi et al., 2009). The oxidase 
enzyme catabolize oxalates into carbon and 
hydrogen derivatives (Kanauchi et al., 2009; 
Kotsira and Clonis, 1997). The insoluble 
calcium oxalates are usually not accessible to 
the enzymes (Chipps et al., 2005). Therefore, 
the reduced oxalates are primarily soluble 
oxalate derivatives. Considering the linear 
activity of sprouts addition in starfruit juice, 
higher reductions in oxalates can be further 
achieved by increasing the concentration of 
sprouts or by increasing the treatment time. 
Considering the high thermal resistance of 
oxalate oxidase (Kanauchi et al., 2009), further 
reduction in the soluble oxalates in starfruit 
juice during storage can be expected.  

Predictions and validations 

From response surface evaluation, a prediction expression for the reduction of oxalates in comparison 
to control was obtained as presented below: 

Oxalates reduction (%) = 23.35 + 68.90 × [EDTA (%)] + 4.24 × [NaCl (%)] +  

   3.94 × [Sprouts (%)]  –  159.50 ×[EDTA (%) – 0.28]2 –  0.38 × [NaCl (%) – 4.79]2 
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Using the above expression, optimum 
conditions for two and three factors were 
predicted for the validation of the expression. 
The desirability functions used for the 
prediction and the predicted values are 
presented in Table 3. The reduction of oxalates 
in response to optimized treatments when 
practically evaluated was statistically similar 
(p>0.05) to the predicted reduction of oxalates. 
The final result of optimized treatments is 
presented in Figure 2.  

Figure 2 
Oxalates reduction in starfruit juice in response 
to optimized two and three factor treatments 
(T1: 0.495% EDTA + 10% NaCl + 3% 
sprouts, T2: 0.495% EDTA + 10% NaCl, T3: 
0.495% EDTA + 3% sprouts, T4: 10% NaCl + 
3% sprouts) 

The combination of all three treatments 
(0.495% EDTA + 10% NaCl + 3% sprouts) 
had the maximum percentage of oxalates 
reduction. The combined treatments reduced 
oxalate content to about 6 mg/100 ml from the 
initial content of 93.21 ± 1.27 mg/100 ml. This 
oxalates level is comparable to carrot and 
grapes juices and is considered as a normal 
oxalates level (Siener et al., 2016). Amongst 
the two factors treatment, the combination of 
EDTA and NaCl treatment had a significantly 
high reduction (p<0.05) as compared to other 
combinations. The maximum oxalates 
reduction that could be achieved by the 
combination of EDTA (0.495%) and sprouts 
addition (3%) was statistically similar to that 
achieved by the combination of NaCl (10%) 
and sprouts addition (3%). 

Conclusions 
The proximate and physicochemical composition 
of the starfruit was comparable with previous 
studies. EDTA and NaCl treatments during 
blanching had a quadratic effect on the 
reduction of oxalate content of starfruit juice, 

while the addition of sprouts had a linear 
effect. The overall oxalates reduction in 
response to these treatments could also be 
predicted effectively. Juice treated by the 
combination of all three parameters had the 
maximum reduction, which was significantly 
higher (p<0.05) than other samples. This was 
followed by a combination of EDTA and NaCl 
treatment. No significant difference (p>0.05) 
was obtained between the samples treated with 
EDTA and NaCl treatment in combination 
with sprouts addition. EDTA and NaCl 
treatments during blanching reduce both the 
soluble and insoluble oxalates. The insoluble 
oxalates are firstly solubilized and 
subsequently leached out to an aqueous 
solution during blanching. However, in the 
case of sprouts addition, the oxalate oxidase 
enzyme catabolizes the soluble oxalates into 
carbon and hydrogen derivatives. Considering 
the heat resistance of oxalate oxidase enzymes 
in sprouts, the oxalates in products are 
expected to further decrease during storage and 
are recommended for further exploration. 
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Introduction 
Chia (Salvia hispanica L.) is a Lamiaceae 
family plant that is endemic to central Mexico 
and northern Guatemala. Carl Von Linneo, a 
Swedish botanist, identified Chia in 1753 and 
named it Salvia, which means "to rescue or 
cure" (in Latin). Chia was consumed as a 
source of energy by the pre-Columbian people 
in the 16th century, and it was included into 

numerous dishes in the indigenous Aztec 
civilization's diet. Chia seeds were utilized in 
religious rites as offerings to the Gods, and the 
oil derived from the seeds was used to make 
cosmetics. (Ferreira et al., 2015). 

Being a biannually cultivated plant, Chia is 
categorized under the mint family 
(Lamiaceae), superdivision of Spermatophyta, 
and kingdom of Plantae (Mohd Ali et al., 
2012). Its taxonomic description is as follows: 

Kingdom: Plantae 

Subkingdom: Tracheobionta - Planta vascular 

Superdivision: Spermatophyta - Planta de semillas 

Division: Magnoloiphyta - Planta con flores 

Class: Magnoliopsida – Dicotiledónea 

Subclass: Asteridae 

Order: Lamiales 

Family: Lamiaceae 

Genera: Salvia 

Species: Hispanica (Sharma and Mogra, 2019) 

The optimal environmental conditions for the 
favourable growth of the plant include warm 

mailto:shinestha7@gmail.com
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climate, high rainfall and temperature of 15-
30℃. Chia plant is about 1 m tall and has oval-
elliptical leaves (4-8 cm long and 3-5 cm 
wide). The flowers are 3-4 mm in size with 
purple or white coloration. They are gathered 
in whorls or top of shoots. The fruits 
(schizocarp) contain several oval seeds which 
are about 2 mm long with a diameter of 0.8-1.3 
mm and a width of 0.8-1.4 mm (Marcinek and 
Krejpcio, 2017). The seed has a smooth and 
shiny peel that can be black, brown, grey, 
black-spotted or white colored. Slimy 
mucilage is present inside the epidermal cells 
that expand when the seeds come in contact 
with water. This mucilage imparts a 
characteristic gel appearance to chia (Grancieri 
et al., 2019). Chia is a plant that grows in 
mountainous areas and is tolerant to high 
temperatures and dryness, although it cannot 
grow below 0℃. In valley locations, the 
growing time is about 125-135 days, with 
yields of up to 1325 kg/ha (Munoz et al., 
2013). 

Consumption of chia seeds has been increasing 
over the years, given its health benefits in 
accordance to chronic conditions such as 
obesity, diabetes, cancer, and heart diseases. 
The high amounts of essential fatty acids, 
dietary fibres, proteins, antioxidants, vitamins, 
and minerals in this food contribute to its 
health advantages. Chia seeds can be eaten 
whole or ground into flour and added to dishes 
like yoghurt, salads, fruits, and baked goods 
like bread, cakes, and beverages, among other 
things. In 2000, the United States Dietary 
Guidelines recommended that chia seeds be 
consumed as a primary diet in amounts of no 
more than 48 g per day (Mohd Ali et al., 
2012). Chia incorporation in food improves its 
physicochemical, sensory, and nutritional 
properties. The mucilaginous gum present in 
chia seed possesses a good water and oil 
holding properties as well as has excellent 
emulsifying and stabilizing potential. In the 
same way, chia protein also possesses 
excellent emulsifying and interfacial 
characteristics. It also forms a good gel. Such 
gel forming fractions of chia proteins are 
promising additives for food processing as 
they provide consistency and thickening which 
helps in improving the food quality as well as 
extend the shelf life of foods (Grancieri et al., 
2019). 

History of chia seeds 
Chia is an ancestral crop that was domesticated 
some 5,500 years ago, yet it has a fascinating 
and little-known history. Chia was one of the 
most important crops in the Aztec diet, along 
with maize, bean, and amaranth, which fed 
around 11 million people. Chia production was 
outlawed in Mexico during Spanish 
colonization because the Aztecs revered the 
crop and employed it in sacred rites, as well as 
because of the rivalry it had with plant species 
acquired from Spain. Because its traditional 
use as food and medicine was not passed down 
to at least six generations, chia production 
became extinct after nearly 260 years of 
limitations. The crop thrived after Mexico's 
independence in 1821 because diverse Nahua 
groups continued to produce it clandestinely in 
the mountains of Puebla, Guerrero, Morelos, 
and Jalisco (Sosa et al., 2016).  

The first scientific evidence of the high content 
of polyunsaturated fatty acids (PUFA) in chia 
seeds grown in Mexico was published in 
1940s; however, its importance was not 
realized because the essentiality of PUFA on 
humans was not known at that time. Instead, 
the harvest was utilized to manufacture 
beverages and paints for crafts (Small, 2011). 
This changed in 1975, when Greenlandic 
researchers discovered that PUFAs are vital for 
humans and that consuming less than 2 g per 
day can lead to coronary arteriosclerosis (Bang 
et al., 1980). This was the crucial step in 
demonstrating the importance of chia as a food 
for human nutrition. The chia plant was not 
imported to other countries and was only 
grown in the locations where it was used 
before to the Spanish invasion. As a result, 
chia is not a common ingredient in modern 
diets because it did not migrate as far as its 
ancient counterparts, corn and tomato. In 1990, 
study of chia as a vegetal source of PUFA, 
protein and fibre were started thus changing its 
status as a crop and food source for humans 
(Sosa et al., 2016). 

Chemical composition
The nutritional value of chia seeds is presented 
in Table 1. Chia seeds are ascribed high 
nutritional value particularly because of their 
high contents of polyunsaturated fats, good 
quality protein, minerals and dietary fibre 
(Timilsena et al., 2016). Chia seeds have 30-34 
g of dietary fibre, with the insoluble fraction 
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accounting for 85-93% and the soluble fraction 
for 7-15%. Chia seeds provide more dietary 
fibre than dried fruits and nuts. It has a high 
concentration of polyunsaturated fatty acids, 
particularly α-linolenic acid, in its fatty acid 
composition. It also contains a lot of plant 
protein.  

Table 1 
Nutritional value of chia seeds 

Nutrient Value (per 100 g) 

Energy 486 Kcal 

Moisture 7.14 g 

Protein 18.18 g 

Fat 32.16 g 

Ash 4.1 g 

Carbohydrate 4.59 g 

Dietary fibre 33.37 g 

(Grancieri et al., 2019) 

Table 2 
Amino acid composition of chia seeds 

Essential 
amino acids 

Content 
(g/100 

g) 

Non-
essential 
amino acids 

Content 
(g/100 

g) 
Arginine 2.14 Cystine 0.41 
Histidine 0.53 Tyrosine 0.56 
Isoleucine 0.80 Alanine 1.04 
Leucine 1.37 Aspartic acid 1.69 
Lysine 0.97 Glutamic 

acid 
3.50 

Methionine 0.59 Glycine 0.94 
Phenylalanine 1.02 Proline 0.78 
Threonine 0.71 Serine 1.05 
Tryptophan 0.44   
Valine 0.95   

(Grancieri et al., 2019) 

The amino acid composition analysis reveals 
the presence of eleven exogenous amino acids, 
with the highest concentrations of arginine, 
leucine, phenylalanine, valine, and lysine. 
Table 2 shows the amino acid makeup of chia 
seeds. Celiac patients can eat chia seeds 
because they are gluten-free. 

Chia seeds are also high in polyphenols such 
gallic, caffeic, chlorogenic, cinnamic, and 
ferulic acids, as well as quercetin, kaempferol, 
and p-coumaric acid, which have high 
biological activity. Small levels of isoflavones 
like daidzein and genistin can be discovered. 
Moreover, they also contain tocopherols which 
include α-tocopherol (8 mg/kg lipids), γ-
tocopherol (422 mg/kg lipids) and δ-tocopherol 
(15 mg/kg of lipids) (Kulczynski et al., 2019). 
Many vitamins and minerals are contained in 
chia seeds, with phosphorus, calcium, and 

potassium being the most abundant, as 
indicated in Table 3. 

Table 3 
Mineral and vitamin composition of chia seeds 

Minerals Content 
(mg/100 

g) 

Vitamins Content 
(mg/100 

g) 
Calcium 631.0 Ascorbic 

acid 
1.6 

Iron 7.7 Thiamine 0.6 

Magnesium 335.0 Riboflavin 0.2 

Phosphorous 860.0 Niacin 8.8 

Potassium 407.0 Vitamin E 0.5 

Sodium 16.0 Folate 0.049 

Zinc 4.6   

(Kulczynski et al., 2019) 

Bioactive compounds in chia 
seeds 
The extra-nutritional constituents that provide 
health benefits beyond basic nutrition are 
commonly known as bioactive compounds 
(Hamzalioglu and Gokmen, 2016). Presence of 
caffeic acid, chlorogenic acid and quercetin 
can be correlated with higher content of 
phenolics in chia (0.99 mg GAE) which is 
known to protect from oxidative deterioration. 
Chia seeds are known to contain high amount 
of protocatechuic acid (0.747 mg/g), chlorogenic 
acid (0.222 mg/g), and caffeic acid (0.144 
mg/g) among phenols. Caffeic acid dimers are 
also frequent in chia samples and the most 
abundant among them is rosmarinic acid 
(0.927 mg/g) which is known to be anti-
inflammatory, antioxidative, antithrombotic, 
antimutagen, anti-bacterial and antiviral 
(Grancieri et al., 2019). Caffeic acid in chia 
seeds were found to be greater than that 
reported for mango, papaya and blueberry 
(Balasundram et al., 2006). Polyphenolic 
compounds such as quercetin, caffeic acid and 
chlorogenic acid found in chia seeds are 
believed to have anti-carcinogenic, 
antihypertensive, and neuron protective effects 
(Ullah et al., 2016).  

Flavonoids are polyphenols with a 15-carbon 
structure made up of two benzene rings 
connected by a heterocyclic pyrene ring. They 
are responsible for the color and flavor of food, 
as well as preventing fat oxidation. (Yao et al., 
2004). Flavonoids are widely distributed in 
chia seeds and their synthesis has been found 
to increase with microbial infection. They are 
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known to be hepatoprotective, antibacterial, 
anti-inflammatory, anti-cancer and anti-viral 
(Cushnie and Lamb, 2005). Among flavonoids, 
myrcetin, quercetin and kaempferol are found 
to be abundant in chia seeds (Taga et al., 
1984). Other bioactive compounds found in 
chia seeds include tannins (14.93 mg GAE/g), 
phytates (1.16 g/100 g), carotenoids (57.0 
µg/100 g), flavones (6.07 µg/100 g), and 
flavanones (4.39 µg/100 g) (Grancieri et al., 
2019). 

Fatty acid composition 
Chia seed oil has been used in traditional 
medicine for treating stomach problems and 
eye infections since ancient times (Lu and Foo, 
2002). Consumers are shifting away from 
saturated fats and toward unsaturated fats as 
part of the healthy lifestyle movement. This is 
due to the high prevalence of cardiovascular 
disease, obesity, and diabetes, all of which are 
linked to saturated fats. As a result, the intake 
of functional foods containing polyunsaturated 
fatty acids such as omega-3 and omega-6 fats 
has increased (Ullah et al., 2016). Alpha-
linolenic acid, eicosapentaenoic acid, and 
docosahexaenoic acid are omega-3 fatty acids, 
whereas linoleic acid and arachidonic acid are 
omega-6 fatty acids. Chia seed is renowned as 
an omega fatty acid powerhouse because it 
contains significant amounts of omega-3 
[alpha-linolenic acid (ALA)] and omega-6 
[linoleic acid (LA)]. It has been observed that 
consuming 7.3 g of chia seed per day is 
sufficient to meet the necessary dietary intake 
of omega-3 fatty acids (de Falco et al., 2017). 

Several phenolic components included in chia 
seed oil, such as tocopherols, phytosterols, and 
carotenoids, are known to protect against lipid 
oxidation (Matthaus, 2002). It was reported 
that chia seed oil contains 62.8% α-linolenic 
acid and 18.23% linoleic acid (da Silva 
Marineli et al., 2014). Chia seeds can thus be 
regarded a natural supply of polyunsaturated 
fatty acids, which have anti-inflammatory, 
antiarrhythmic, and antithrombotic properties 
and hence play a significant role in human 
health. The fatty acid content of chia seeds is 
seen in Table 4. 

Health promoting properties of 
chia seeds 
Nowadays consumers shift their dietary habits 
towards healthier food options, particularly 
those which present therapeutic effects and 
convey an adequate amount of nutrients (Melo 
and Oliveira, 2018). Chia seeds are high in 
fibre, which turns into a gel when exposed to 
water. This helps with bowel motions and 
hence relieves constipation. Fibre has also 
been shown to aid digestion. Chia's ability to 
inhibit digestion has been related to the 
prevention of diabetes. Chia seeds' gelatinous 
coating can also help to reduce blood sugar 
rises. The seeds are one of the foods that has 
been discovered to be beneficial in the 
treatment of diabetes and to lower blood 
pressure in diabetics (Cifti et al., 2012). 

Weight management depends on our food 
habits and lifestyle. Although no single food 
can help or hinder weight reduction, chia seeds 
are regarded an alternative that aids weight 
loss due to their high fibre content. The seeds 
absorb water in the stomach and expand, 
which reduces hunger. Fibre promotes satiety 
and makes us feel full for longer periods of 
time. Several antioxidant chemicals found in 
chia seeds suppress NF-B transcription factor 
activation in vitro, lowering inflammatory and 
carcinogenic processes. Chia seeds have a 
higher antioxidant concentration than other 
seeds, making them more shelf durable. 
Neurological illnesses, immunodeficiency, 
ischemic heart disease, strokes, Alzheimer's 
and Parkinson's disease, and cancer are all 
protected by antioxidants (Grancieri et al., 
2019).  

Chia seeds contain omega-3 fatty acids, which 
have been shown to improve skin dryness and 
inflammation. Moreover, anti-inflammatory 
properties of chia seeds help protect the skin 
from UV radiation, reduce wrinkles and skin 
sagging. The biological effects of chia seed 
PUFAs in the skin have been extensively 
studied, including inhibition of trans epidermal 
water loss, maintenance of the stratum 
corneum epidermal barrier, and interruption of 
melanogenesis in melanocytes. Chia seeds 
have been discovered to help prevent 
diverticular disease, which is characterized by 
the presence of tube-like structures in the 
intestine with no indications of inflammation 
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and is frequently associated to a lack of fibre 
(Cifti et al., 2012). 

Therapeutic properties of chia 
seeds 
Chia seed consumption has been shown to 
reduce serum cholesterol level due to high 
concentrations of dietary fibre and unsaturated 
omega-3 fatty acids. Chia seeds have been 
reported to be effective in the treatment of 
dyslipidemia, a metabolic disease characterized 
by an abnormally high level of cholesterol in 
the blood. The ability of chia bioactive 
peptides to prevent critical indicators of 
cholesterol production, such as 3-hydroxy-3-
methylglutaryl coenzyme A reductase, has 
recently been established (Coelho et al., 2018). 
Chia seeds are rich in tryptophan which 
produces the sleep hormones serotonin and 
melatonin. So, chia seeds aid good sleep and 
relaxation. They are also used for treating 
sleep disorders. Chia seeds contain 30% of the 
recommended daily allowance (RDA) of 
magnesium, making them beneficial in the 
treatment of hypertension, osteoporosis, and 
type II diabetes (Cifti et al., 2012). 

Therapeutic properties such as analgesic, 
laxative, hypotensive and antineoplastic 
properties are also attributed to chia seeds 
(Ayerza and Coates, 2005). They are 
recognized for their anti-oxidant and anti-
inflammatory effects, which help to protect the 
cardiovascular system (Brenna et al., 2009). 
Chia seeds' anti-coagulant properties may also 
aid in the prevention of strokes and heart 
attacks in Type II diabetics. Chia seed eating 
has been demonstrated in studies to lower 
postprandial glycemia in healthy people (Ho et 
al., 2013). Chia seed and oil are known to have 
a protective effect on blood vessels as they 
reduce the concentration of triacylglycerol 
(Sierra et al., 2015) and were reported to 
increase the concentration of α-linolenic acid 
and eicosapentaenoic acid in blood serum of 
overweight women (Neiman et al., 2012). 
Calcium and sodium channel dysfunctions, 
which can lead to hypertension, can be blocked 
by omega-3 fatty acids. They boost 
parasympathetic tone, heart rate variability, 
and ventricular arrhythmia protection (Ullah et 
al., 2016). 

Table 4 
Fatty acid profile of chia seeds 

Saturated 
Fats 

Content 
(g/100 g) 

Unsaturated 
Fats 

Content 
(g/100 g) 

Palmitic 
acid 

7.1 Oleic acid 10.53 

Stearic 
acid 

3.24 Linoleic acid 20.37 

Arachidic 
acid 

0.24 Linolenic acid 59.76 

Lignoceric 
acid 

0.1 Eicosenoic 
acid 

0.16 

(Kulczynski et al., 2019) 

Industrial uses of chia seeds 
The technological functionality of dietary 
fibres found in abundance in chia seeds is 
determined by hydration qualities such as 
water holding capacity, absorption, solubility, 
swelling, viscosity, and gelling (Borderias et 
al., 2005). Treatment of chia seeds with water 
helps extract gum from the dietary fibre 
fraction and this extracted chia gum can be 
used as an additive to control texture, 
viscosity, stability and consistency in food 
systems (Capitani et al., 2015). Chia seed gum, 
which can resist temperatures as high as 
244℃, is a promising ingredient in high-value 
food formulations (Timilsena et al., 2016). 
Rheological behavior of chia seed gum is shear 
thinning or pseudoplastic type. Moreover, it 
has an oil holding capacity of 11.67 g/g and 
water absorption capacity of 36.26 g/g 
(Segura-Campos et al., 2014). 

Chia seed fibre can be a valid alternative in 
foods as foam stabilizer and emulsifier. Due to 
high protein content, it has the ability to 
facilitate solubilization of two immiscible 
liquids and to maintain an emulsion (Pearce 
and Kinsella, 1978). Chia mucilage has a water 
retention capacity of 27 times its own weight, 
according to studies (Munoz et al., 2012). Chia 
seeds are especially used in gluten free 
formulations of bread and pasta, for medicinal 
and cosmetic uses as a thickening agent, and as 
a component in biodegradable film (Capitani et 
al., 2016). Chia is also used for preparation of 
omega-3 capsules as it produces essential oil in 
great concentration. Essential oil extracted 
from leaves of chia is utilized as scent and 
condiment. It is also used for insect control as 
it contains insect repelling compounds such as 
β-caryophyllene, globulol, β-pinene, and 
widdrol. Chia seed mucilage has recently been 
discovered to be a functional coating with 
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better functional characteristics (Ullah et al., 
2016).  

Conclusion 
Because of the recent surge of healthy lifestyle 
changes, functional foods have received a lot 
of attention. One reason for this is the rising 
number of people suffering from 
cardiovascular diseases, high blood pressure, 
obesity, and diabetes, all of which are caused 
by a sedentary lifestyle and a diet heavy in 
saturated fatty acids (SFA). There have been 
various studies that show a link between high 
SFA and low PUFA intake and cardiovascular 
disease. Chia has recently recovered its 
reputation as a high-PUFA oil source. It was 
once the primary food source for Mexico's 
indigenous peoples, but it is now widely 
cultivated and sold due to its omega-3 fatty 
acid and antioxidant benefits. Its cultivation 
has now spread to America, Australia and 
Southeast Asia.  

Chia is mostly consumed by humans in the 
form of extracted oil, which is used in cooking 
oil, confections, and supplements. It is 
typically consumed as a salad made from chia 
seeds, as well as in beverages, cereals, and 
salad dressings. Chia seeds or oil have been 
widely employed in the food sector for a 
variety of uses, including breakfast cereals, 
bars, cookie snacks, fruit juice, cake, and 
yoghurt. Consumers were not aware of chia's 
health benefits until recently, despite its well-
known fatty acid profile. Thus, according to 
current studies, chia is an excellent choice of 
oil for maintaining a balanced serum lipid 
profile, but more research is needed into the 
mechanisms of its hypolipidemic effects, as 
clinical bioactivity and safety evaluation of 
chia seeds is currently limited. Many studies 
are currently being carried out in order to 
improve their functionality as high-nutrient 
dietary supplements with bioactive 
components. 
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Abstract 

This research studies the effect of different pretreatment conditions on dehydration 
characteristic of milky white mushroom (Calocybe indica). Mushroom samples were dried using 
three different methods (cabinet drying, solar drying and sun drying) with different 
pretreatments such as blanching (85° for 1 min), sulfiting (0.3% KMS for 10 min) and blanching 
and sulfiting and untreated. After dehydration, differently pretreated products from each drying 
mechanisms were analyzed for proximate composition, drying rate, rehydration properties, and 
sensory qualities. Among different pretreatments in all three drying mechanisms (cabinet, sun 
and solar), sulfited samples showed the best result in terms of nutrients retention such as crude 
protein (23.17 g/100 g, 22.57 g/100 g, 21.91 g/100 g), crude fat (5.01 g/100 g, 4.47 g/100 g, 
4.21 g/100 g) and crude fibre (13.62 g/100g, 13.11 g/100g, 12.04 g/100 g) respectively. 
Blanched and sulfited samples showed satisfactory results on drying time (8 h, 9 h, 10 h) to 
reach constant moisture level, rehydration ratio (3.16, 2.54, 2.81), rehydration coefficient (0.47, 
0.41, 0.42), and percent water in rehydrated mushroom (69.62%, 62.45%, 65.55%) respectively. 
Likewise, among different drying mechanisms, cabinet dried sample was found to be superior 
in terms of nutrients retention (crude protein 23.17 g/100 g; crude fat 5.01 g/100 g; and crude 
fibre 13.62 g/100 g), drying time (8 h) and rehydration properties (rehydration ratio 3.16; 
rehydration coefficient 0.47; and percent water in rehydration mushroom 69.2%). 
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Introduction
Mushrooms are spore-bearing fleshy organ 
which are considered as a valuable ingredient 
of gourmet cuisine and has high nutritional and 
functional properties (Maray et al., 2018). One 
of the potential edible mushroom varieties is 
milky white mushroom (Calocyble indica) 
(Srivastava and Kumar, 2002). 

Calocybe indica has been reported as third 
commercially cultivated mushroom after 
button and oyster mushrooms in India 
(Arumuganathan et al., 2008). It is also known 
as “Summer Mushroom” due to its successful 
cultivation during summer and possess unique 
nutritional and medicinal values, characteristic 
aroma and taste (Subbiah and Balan, 2015). 
Krishnamoorthy (2003) reported that C. indica 
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contains 32.3% protein and around 41% crude 
fibre (on dry basis) along with essential 
minerals and vitamins. In a study, reported by 
Alam et al. (2008) the nutrient content of fresh 
mushroom ((Calocyble indica) g/100g was 
found to be 87% moisture, 2.75% protein, 
0.65% lipid, 1.63% fibre, 1.28% ash and 6.8% 
carbohydrate.  The milky white mushroom is 
rich in protein, minerals, devoid of starch or 
low in calories and carbohydrates (Kaur et al., 
2011). These are ideal foods for diabetic and 
heart patient and those who do not want to put 
on weight (FAO, 1970) 

Thin-layer drying experiments were conducted 
at drying air temperatures of 55, 65 and 75 
°C and dry air velocities of 1 and 1.5 ms−1

(Akpinar and Bicer, 2005). Convective air 
drying at different air temperatures (50, 60 and 
70 °C) was performed to compare the drying 
rate and rehydration properties of microwave-
vacuum drying with conventional method (Giri 
and Prasad, 2007). Like fruits and vegetables, 
all mushrooms including C. indica are highly 
perishable in nature with extremely low shelf 
life as they possess moisture in the range of 
87% to 91.1% (on wet basis). Due to high 
moisture content and high respiration rate, 
quality deterioration takes place if fresh 
mushrooms are not immediately processed. 
Therefore, the harvested mushroom needs 
immediate processing to the form of more 
stable product is important to meet the market 
demand and supply throughout the year. 
Mushroom can be preserved by different 
method such as dehydration, canning, bottling, 
freeze drying, pickling, irradiation etc. (Bhal, 
1994).  

Efficient preservation methods may extend 
shelf life and diversify the product for 
consumers. Of the different processing 
methods, drying of mushroom can be effective 
method of processing for small scale as well as 
large scale mushroom grower due to ease of 
processing and cost effectiveness by reducing 
bulk quantity, hence facilitates transportation, 
handling and storage (Arora et al., 2003). 
Although sun drying is considered to be 
economical, mechanical drying such as cabinet 
drier, solar drier, hot-air oven, etc. speeds up 
the process, reduces nutrient loss, ensures safer 
drying temperatures and produces superior 
product compared to sun drying 
(Arumuganathan et al., 2008). Furthermore, 
pretreatments of mushrooms before drying in 
one form or other such as washing in water, 
potassium metabisulphite (KMS), sugar, salt 
etc. either alone or in combination helps in 
checking enzymatic browning, stabilizing 
color, enhancing flavor retention and 

maintaining textural properties (Sharma and 
Bhat, 2018). Since C. indica retains fresh look 
and does not turn brown or dark black like that 
of button mushrooms, is very much cost 
effective to cultivate and incomparable 
productivity as well as shelf life to any other 
cultivated mushrooms in the world, it could 
play an important role in satisfying the 
growing market demands for edible 
mushrooms in near future (Chandra and 
Samsher, 2006). Khanal (1992) reported that, 
the rehydration coefficient is affected by 
pretreatment operations for the dehydration of 
tomato. 

The drying kinetics of mushroom is complex 
phenomenon and only limited research is 
carried out to study drying characteristic of 
mushrooms and data was reported on moisture 
loss and drying rates. However, there is a huge 
gap in systematic studies on drying kinetics of 
milky white mushroom (Arumuganathan et al., 
2008). This study has been carried out to find 
appropriate drying mechanisms and pre-
treatment conditions for the dehydration of 
milky white mushroom. The different 
parameters under study are pre-treatments, its 
effect on drying characteristics and rehydration 
properties. 

Materials 
Good quality milky white mushroom (Calocybe 
indica) variety were purchased from Urlabari-
6, Manglabare of Morang district, Nepal. The 
fresh samples were taken in batches because of 
perishability. 1 kg of milky white mushroom 
samples was picked from farm, stored under 
refrigeration at 4±1°C overnight and used for 
cabinet drying the next day. Similar process 
was followed for solar and sun drying. 

Methods 
The mushrooms samples collected at a 
particular stage of maturity were sorted and 
washed to remove dust, foreign matters and 
damaged parts. The sorted mushrooms were 
sliced into two to four halves as the part of 
preliminary preparations. The average size of 
mushroom was made about 3.0 cm×3.0 cm×5.0 
cm with SS knife (Walde et al., 2006) followed 
by different pretreatments and drying 
mechanisms. The different drying methods 
used are cabinet drying, solar drying and sun 
drying. The different pretreatments in each 
drying methods are fresh (no treatment), 
blanching (at 85°C for 1 min), sulfiting (in 
0.3% KMS for 10 min) and blanching and 
sulfiting.  



 
Adhikari et al.  TUJFST 1 (2022) 38-45 

40 © 2022 CDFT. All rights reserved.  
 

Drying of milky white mushroom 

The samples viz. fresh, blanched, sulfited, 
blanched and sulfited were weighed, placed in 
stainless steel trays and were dehydrated at 
60±2°C in cabinet dryer and at temperature 
around 27±1°C under sun until the weight of 
dried mushroom were constant. The temperature 
of solar dryer was 40±2°C. The samples from 
each dehydrating process were weighed at an 
interval of 1 h until three concurrent readings 
and the effects of different pretreatment on the 
drying characteristics were studied. 

Drying curve fitting 

The different drying rate curves of differently 
pretreated samples were plotted against 
moisture content (dry basis) and time for each 
drying mechanisms to study the drying 
characteristics of milky white mushroom from 
the data recorded during the dehydration 
(Brennan, 2006). These curves can be used to 
describe the drying characteristics of mushroom.  

Packaging 

The dried samples were packed in LDPE (low 
density polyethylene) bags with water vapor 
transmission rate (WVTR) of 16-23 g/m2/24 h 
at 36°C, 90% RH for 1 mil film (low density 
polyethylene) bags and heat sealed using 
impulse heat sealer electric sealing and stored 
at room temperature (25±1°C). The finished 
product was used further for analysis. 

Determination of proximate composition 
of raw and dehydrated milky white 
mushroom 

Moisture content, crude fat, crude protein, 
crude fibre, total ash and total carbohydrate 
content of raw and cabinet dried, solar dried 
and sun-dried mushroom samples were 
determined by using a method as per Ranganna 
(1986). 

Determination of rehydration ratio (RR), 
rehydration coefficient (RC) and % 
water in rehydrated mushroom (PWRM) 

The rehydration ratio of dried mushroom 
pieces was determined by rehydration test. The 
dehydrated samples of 5 g each were placed in 
glass beakers, 100 ml of water was added and 
heated at 45°C for 60 min. The excess water 
was drained off through bloating paper and 
drained samples were weighed. The 

rehydration ratio, rehydration coefficient and 
percent water in rehydrated material of milky 
white mushroom samples were computed 
using following equation (Srivastava and 
Kumar, 2002). 

Rehydration ratio = c/d 

where, c= drained weight of rehydrated samples, g 
 d= weight of dehydration samples taken for 

rehydration test, g 

Rehydration coefficient = 

drained wt. of rehydrated material – dry matter content in 
dehydrated sample 

drained weight of rehydrated material
 

 

Percent water in rehydrated material = 

 

wt. of rehydrated sample – wt. of dehydrated 
sample taken 

wt. of dehydrated sample taken
× 100 

Data analysis 

All experiments were performed in triplicates 
and values are expressed as mean ± standard 
deviation. The data analysis was done 
statistically by Genstat discovery edition 3 for 
one-way and two-way ANOVA. The drying 
data were fitted using the Microsoft office 
2003 for coefficient of determination of 
various models. The differences between data 
were compared using least significance 
difference (LSD) at 5% level of significance. 

Results and Discussion 

Proximate composition of fresh milky 
white mushroom 

The moisture content, crude protein, crude fat, 
crude fibre, total ash and carbohydrate content 
of raw milky white mushroom was found to be 
85.6, 3.12, 1.02, 1.28, 1.24 and 7.73 g/100 g of 
fresh edible portion as in average of three 
batches which is within the range reported by 
Alam et al. (2008). The proximate composition 
of fresh milky white mushroom is shown in 
Table 1. 

Proximate composition of dehydrated 
fresh milk white mushroom 

The influence of pretreatments on the 
proximate composition of cabinet drier dried, 
solar dried and sun dried milky white 
mushroom is shown in Table 2.
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Table 1 
Proximate composition of fresh milky white 
mushroom (% wet basis) 

Parameters Content (g/100 g) 
Moisture content 85.60 ± 1.60 
Crude protein 

Crude fibre 

3.12 ± 0.10 

1.28 ± 0.19

Total ash 1.24 ± 0.14 
Carbohydrate 7.73 ± 1.68 

Note. Values are the mean of triplicates and values in the 
parentheses are the standard deviation 

In case of cabinet dryer-dried mushroom 
samples, blanched sample retained least 
moisture content. Protein, fat and crude fibre 
content was higher in sulfited sample. 
Blanched sample contained higher amount of 
total ash whereas, amount of carbohydrate was 
higher in blanched and sulfited sample.  

In case of solar-dried mushroom samples, 
blanched and sulfited sample retained least 
moisture content. Protein, fat and crude fibre 
content was higher in sulfited sample. 
Blanched sample contained higher amount of 
total ash whereas, amount of carbohydrate was 
higher in blanched and sulfited sample. 

Table 2 
Proximate composition (dry basis) of cabinet dried milky white mushroom 

Drying methods Parameters Pretreatments 

A B C D 

Cabinet drying Moisture content 4.94 ± 0.692a 3.47 ± 0.139b 4.153 ± 0.117c 3.815 ± 0.153d 

Crude protein 22.85 ± 0.140a 21.19 ± 0.160b 23.17 ± 0.075c 21.583 ± 0.245d 

Crude fat 4.81 ± 0.273a 3.99 ± 0.025b 5.01 ± 0.115a 4.32 ± 0.237b 

Crude fibre 13.16 ± 0.040a 12.82 ± 0.078b 13.62 ± 0.230c 13.04 ± 0.086ab 

Total ash 8.01 ± 0.458a 9.94 ± 0.064b 6.26 ± 0.056c 7.55 ± 0.087d 

Carbohydrate 51.17 ± 0.136a 52.36 ± 0.280b 51.94 ± 0.142c 53.52 ± 0.030d 

Solar drying Moisture content 4.43 ± 0.065a 4.41 ± 0.074b 3.33 ± 0.047c 3.04 ± 0.110d 

Crude protein 21.52 ± 0.130a 20.85 ± 0.315b 22.57 ± 0.265c 21.15 ± 0.055ab 

Crude fat 4.14 ± 0.065a 3.51 ± 0.560b 4.47 ± 0.191a 4.07 ± 0.056a 

Crude fibre 12.44 ± 0.120a 12.04 ± 0.072b 13.11 ± 0.119c 12.19 ± 0.060b 

Total ash 10.66 ± 0.202ac 11.05 ± 0.197a 8.53 ± 0.290b 10.27 ± 0.270c 

Carbohydrate 51.24 ± 0.100a 52.32 ± 0.094b 51.64 ± 0.140c 52.55 ± 0.317d 

Sun drying Moisture content 4.43 ± 0.036a 3.26 ± 0.045b 4.68 ± 0.051c 3.14 ± 0.045d 

Crude protein 20.73 ± 0.211a 19.85 ± 0.34b 21.91 ± 0.111c 20.08 ± 0.081b 

Crude fat 4.13 ± 0.04a 3.64 ± 0.476b 4.21 ± 0.021a 4.11 ± 0.020a 

Crude fibre 11.41 ± 0.077a 11.14 ± 0.058b 12.04 ± 0.065c 11.24 ± 0.065b 

Total ash 10.70 ±0.332ac 11.04 ±0.064a 6.26 ±0.056b 7.55 ± 0.087c 

Carbohydrate 52.56 ± 0.135a 54.33 ± 0.652b 53.37 ± 0.290c 53.61 ± 0.216c 

Note. Values are the mean of triplicates and values in the parentheses are the standard deviation. Values with same superscript are not 
significantly different. 
Abbreviation. A= Fresh, B=Blanched, C= Sulfited, and D= Blanched and Sulfited 

In case of sun-dried mushroom samples, 
blanched and sulfited sample retained least 
moisture content. Protein, fat and crude fibre 
content was higher in sulfited sample. 
Blanched sample contained higher amount of 
total ash as well as carbohydrate. 

The statistical analysis showed significant 
effect of pretreatments on moisture content, 
crude protein, crude fat, crude fibre, total ash 
and carbohydrate among four different 
formulations of dehydrated mushroom samples 
in each drying mechanism at 5% level of 
significance. The values are within the range 
reported by Alam et al. (2008).  
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Drying rate curve 

Drying rate curve of milky white mushroom 
dehydration under different mechanisms i.e., 
cabinet drier, solar and sun is shown in the 
Figure 1, 2 and 3 respectively. 

 

Figure 1 Drying rate curve for milky white 
mushroom dehydration in cabinet drier  

 

Figure 2 Drying rate curve for milky white 
mushroom dehydration in solar drier 

Figure 3 Drying rate curve for milky white 
mushroom dehydration in sun 

From the graph (Figure 1, 2 and 3), it can be 
revealed that the drying rate is highest in case 
of blanched and sulfited sample while non 
treated sample has least drying rate in all three 
drying mechanisms. Also, we can see that 
there is no stationary rate period in the drying 
rate curve. The absence of the stationary rate 
period may be attributed to the fact that 
mushroom was laid on the tray in a thin layer 

and temperature and air velocity is sufficient to 
drag the moisture away, which is in 
accordance with the work of Akpinar and 
Bicer (2005) and Giri and Prasad (2007) in 
different fruits and vegetables dehydration.  

The drying temperature of 60℃ is sufficient to 
bring the minimum activation energy required 
to detach the moisture away from the surface 
of mushroom (Arumuganathan et al., 2008). 
Low temperature drying causes less structural 
damage, reduces protein denaturation and 
gives higher quality product.  

Arumuganthan et al. (2008) found the drying 
time of 5 to 7 h for mushroom without any 
treatments. The longer drying period in case of 
cabinet drier dried untreated sample might be 
due to large pieces of mushroom, low air 
velocity and frequent load-shedding. While, in 
case of sun and solar dried samples, the 
relatively longer drying period of untreated 
milky white mushroom in present work may be 
due to the large pieces of mushroom, low air 
velocity, cloudy weather and uneven humidity. 

Rehydration tests of dried milky white 
mushroom (rehydration ratio, rehydration 
coefficient and percent water in 
rehydrated mushroom) 

The rehydration behavior was analyzed in 
terms of the ability of the dried mushroom 
pieces to regain their original moisture content. 
The rehydration ratios of dried samples in all 
three drying mechanisms (i.e., cabinet drier, 
solar and sun) was found to be maximum for 
blanched and sulfited samples followed by 
sulfited, fresh and blanched samples. The low 
RR in case of blanched sample may be due to 
rupturing of cells and tissue during blanching 
leading to decreased water absorbing capacity. 
In contrast to our result Singh et al., (2008) 
found no or very little effect of pre-drying 
treatments on the rehydration of milky white 
mushrooms. The values of the RR of 
mushroom samples dried at different 
pretreatments under different mechanisms are 
showed in Table 3. 
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Table 3 
Rehydration ratio (RR), rehydration coefficient and percent water in rehydrated material of cabinet, 
solar and sun dried milky white mushroom 

Drying methods Pretreatments RR RC PWRM 

Cabinet drying Fresh 2.87 ± 0.023c 0.43 ± 0.003c 66.46 ± 0.265c 

Blanched 2.76 ± 0.010d 0.41 ± 0.001d 65.03 ± 0.130d 

Sulfited 2.98 ± 0.026b 0.45 ± 0.004b 68.08 ± 0.285b 

Blanched and sulfited 3.16 ± 0.040a 0.47 ± 0.006a 69.62 ± 0.350a 

Solar drying Fresh 2.48 ± 0.005b 0.37 ± 0.007c 61.27 ± 0.155b 

Blanched 2.42 ± 0.010c 0.36 ± 0.001d 60.03 ± 0.165c 

Sulfited 2.50 ± 0.010b 0.39 ± 0.004b 61.55 ± 0.077b 

Blanched and sulfited 2.54 ± 0.005a 0.41 ± 0.008a 62.45 ± 0.081a 

Sun drying Fresh 2.43 ± 0.026c 0.36 ± 0.004b 60.69 ± 0.434b 

Blanched 2.30 ± 0.015d 0.34 ± 0.001c 58.40 ± 0.274c 

Sulfited 2.51 ± 0.026b 0.37 ± 0.004b 61.11 ± 0.299b 

Blanched and sulfited 2.81 ± 0.020a 0.42 ± 0.003a 65.55 ± 0.258a 

Note. Values are the mean of triplicates and values in the parentheses are the standard deviation. Values with same superscript are not 
significantly different. 

The rehydration coefficient of dried mushroom 
samples was found to be maximum for 
blanched and sulfited sample followed by 
sulfited, fresh and blanched sample 
respectively. The values of the RC of 
mushroom samples dried at different 
pretreatments under different mechanisms are 
showed in Table 3. There was significant 
difference in RC of Fresh and pretreated 
cabined drier dried and solar dried mushroom 
samples, while no any significant difference 
was observed in RC of fresh and sulfited sun 
dried mushroom samples at 5% level of 
significance.  

The percent water in the rehydrated mushroom 
is the indicative of water absorption capacity 
of dehydrated mushroom. Generally, the more 
is the RR more the water in the rehydrated 
mushroom. The rupturing of cells and vacuoles 
during treatments may be the causative factor 
for different results of percent water in the 
rehydrated sample (Maray et al., 2018). 

The results of percent water in the rehydrated 
material i.e., milky white mushroom samples 
treated differently under different mechanisms 
are shown in Table 3. The statistical analysis 
showed significant effect of pretreatments as 
well as drying mechanisms on RR, RC and 
PWRM of cabinet drier, solar and sun dried 
milky white mushroom samples at 5% level of 
significance and it is estimated that the cabinet 

drier dried blanched and sulfited sample 
showed maximum RR, RC and regained the 
maximum percent of water. The report in this 
study is in accordance with the findings of 
Khanal (1992), who reported that, the RR, RC 
and PWRM is affected by pretreatment 
operations. Pretreatment operations such as 
blanching and sulfiting minimized the cell 
rupture and disruption of cell walls during 
drying, which in turn facilitate in better 
rehydration. 

Conclusion 
From the research work, the drying time of 
8.71 to 9.88 h seems to be sufficient to bring 
the product to stable moisture content i.e., less 
than 6% in cabinet dryer, solar and sun 
respectively.  On the basis of chemical 
analysis, among differently pretreated samples 
in all three mechanisms, sulfited sample was 
found to be superior in terms of nutrient 
retention while the blanched and sulfited 
sample was found to be optimum on the basis 
of other drying characteristics like drying rate, 
RR, RC, and PWRM. Of the three drying 
mechanisms, cabinet drier dried samples were 
found to be optimum for the best quality 
product in terms of nutrient retention and 
dehydration properties. The product which was 
blanched and sulfited and dried in cabinet drier 
showed faster drying rate and better 
rehydration properties. This method has scope 
for commercialization. 
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Recommendations 
Further study could be carried out to study the 
storage stability of dried mushroom using 
various packaging material and under other 
storage environments.  Likewise, mathematical 
modeling of dehydration process at various 
temperatures, pre-treatments and various air 
velocities can be carried out. The retention of 
nutrients and vitamin C in blanched and 
sulfited mushroom samples under various 
blanching temperatures and time can also be 
studied. 
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Abstract 

Beetroot (Beta vulgaris L.) is known as antioxidant, anti-inflammatory, hepato-protective and 
anticancer due to its bioactive components. The effect of processing (blanching, open pan 
cooking, pressure cooking, microwave oven treatment, electric oven treatment and drying) on the 
bioactive components (total phenolic and total betalain content) and antioxidant activity in 
beetroot were studied.  The total betalain content (676.03 mg/100g db) included betacyanin 
(445.64 mg/100g db) and betaxanthin (230.39 mg/100g db). Total phenolic content, total 
betalain content and antioxidant activity were significantly different (p<0.05) in open pan 
cooked, pressure cooked and electric oven treated sample. The drying process significantly 
(p<0.05) decreased total phenolic and total betalain in blanched, open pan cooked, pressure 
cooked and electric oven treated samples. Betaxanthin was found more susceptible to heat than 
betacyanin. The antioxidant activity significantly (p<0.05) increased during drying of the 
pretreated samples. Microwave oven treatment was found to be suitable for pretreatment as it 
increases antioxidant activity, maximum retention in total phenolic content and betalain. 
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Introduction 
Antioxidant constituent of the plant material 
act as radical scavengers, and helps in 

converting the radicals to less reactive species 
(Guine et al., 2015). The beetroot is good 
source of protein, carbohydrate, dietary fibre, 
minerals such as sodium and potassium and 
betalain, which makes it potential source for 
exploration and value addition in food 
beverages in combination with various fruit 
juices. It is the most potent vegetable in the 
world due to its various functional and 
medicinal properties. It is a rich source of 
bioactive compounds that include ascorbic 
acid, carotenoids, phenolic acids and 
flavonoids and other phytochemicals (Kujala et 
al., 2002). It contains a group of bioactive 
pigment known as betalain (Vulic et al., 2014). 
It is water soluble nitrogen containing plant 
pigment giving the red color of beetroot 
(Ravichandran et al., 2013),  is immonium 
derivative of betalamic acid. They are divided 
in two structural groups, the yellow 
betaxanthin and red-purple betacyanin (Ninfali 
and Angelino, 2013). Betacyanin are a group 
of compounds exhibiting antioxidant and 
radical-scavenging activities (Pedreno and 
Escribano, 2000). They also inhibit cervical 
ovarian and bladder cancer cells in vitro (Zou 
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et al., 2005). Betalain and other phenolic 
compounds presented in beetroot decreases 
oxidative damage of lipids and improve 
antioxidant status in humans (Delgado-Vargas 
et al., 2000). It is an anti-inflammatory, 
hepato-protective and anticancer (Georgiev et 
al., 2010). It is one of the natural food which 
boosts the energy in athletes as it has one of 
the highest nitrates and sugar contents plant 
(Lee et al., 2005). Processing makes food 
healthier, safer, tastier and more shelf stable 
the functional properties of the plant can be 
retained maximum by suitable processing 
methods and the commercialization of 
processed product can be a way to provide a 
health beneficial product to the consumer. The 
cooking and drying processes would bring 
about a number of changes in physical 
characteristics and chemical composition of 
vegetables (Hamauzu and Zhang, 2004). Ismail 
et al. (2004) found that thermal treatment 
decreased the total phenolic content in all 
vegetables such as kale, spinach, cabbage, 
swamp cabbage and shallots and antioxidant 
activity in some of them. It indicated that 
processing caused little change to antioxidant 
potential of fruit and vegetables or enhanced it 
due to improvement of antioxidant properties 
of naturally occurring compounds or formation 
of novel compounds such as Maillard reaction 
products having antioxidant activity 
(Manzocco et al., 2001). The functional 
properties of the plant can be retained 
maximum by suitable processing methods and 
the commercialization of processed product 
can be a way to provide a health beneficial 
product to the consumer. The aim of the 
research was to establish the effect of various 
processing on the bioactive components and 
antioxidant activity of beetroot, in order to 
determine the most suitable method for higher 
retention of bioactive components and 
antioxidant activity. 

Materials and Methods 

Beetroot 

The mature beet root (Beta vulgaris L.) 
cultivated in Dhankuta district, Nepal was 
sorted, cleaned, washed, peeled and sized to 
1cm x 1cm x 1cm. 

Pretreatments of beetroot 

Blanching 

The sample was blanched (500 g) in plain hot 
water at 80±2℃ (sample: water ratio 1:3) for 
1, 2, 3 and 4 min was quickly cooled and 
tested for blanching adequacy for optimization 
of blanching time as per Slavov et al. (2013). 
Briefly, to 10 ml of filtered in a test tube, 1 ml 
of 0.5% guaiacol and 1 ml 0.5% hydrogen-
peroxide were added and allowed to stand for 
4 minutes to observed the changes in color. 

Open pan cooking 

Fresh beetroot cubes (1 kg) were cooked in 
open pan (water and cubes ratio 1:1) at boiling 
water (100±2℃) for 5 min as described by 
Turkmen et al. (2005) with slight modification, 
which was then drained and cooled quickly to 
room temperature. 

Pressure cooking 

Fresh beetroot cubes (1 kg) were cooked 
(water to cubes ratio 1:1) in a pressure cooker 
at 120℃ for 5 min as described by Slavov et 
al. (2013) with slight modification, was 
drained and cooled quickly to room 
temperature. 

Microwave oven heating 

Beetroot cubes were heated in microwave oven 
at 960 W for 3 min and were cooled quickly to 
room temperature as described by Slavov et al. 
(2013). 

Electric oven heating 

Beetroot cubes heated in electric oven at the 
temperature 100℃ for 5 min as described by 
Turkmen et al. (2005) with slight modification, 
were cooled quickly to room temperature. 

Drying of beetroot 

Beetroot cubes (pretreated and fresh) were 
dried in cabinet drier at 50±5℃ till to constant 
moisture content. The dried samples were 
packed in LDPE plastic bags (30-micron 
meter) and stored at 4℃ (Bonazzi and 
Dumoulin, 2014). 

Preparation of extract 

The dried samples were extracted with 80% 
methanol for overnight, extract was collected 
and residue again was extracted for 1 h and 
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third extraction was carried for 30 min. The 
extract was filtered through Whatman filter 
paper 40 and stored at 4℃. 

Determination of physical properties 

The physical properties (length, diameter, 
color and shape) of fresh beetroot were 
observed. The mass was measured in weighing 
balance; length and diameter were measured 
by Vernier caliper. The largest length of oval 
beetroot was considered as maximum diameter.  

Determination of proximate composition 

The moisture content of the beetroot sample 
was determined by weight loss during heating 
(hot air oven at 105 ± 5℃); crude protein by 
micro Kjeldahl; fat by Soxhlet extraction using 
petroleum ether; total ash in muffle furnace 
(525℃ for 5-6 h) and crude fibre as described 
in Ranganna (2007). Carbohydrate content was 
determined by difference method. 

Total carbohydrate (%) = 100% – (moisture 
+ crude protein + crude fat + crude fibre +
total ash) %

Determination of iron 

Iron content in the samples was determined by 
colorimetric method using Jenway Colorimeter 
(Model: 6051) at 480 nm as per Ranganna 
(1986). Briefly, 25 ml of 10% HCl was added 
to 1 g ash and volume (100 ml) was made. For 
spectrophotometric determination of iron 
content, blank, standard and sample solutions 
were made as per given in Table 1. 

Table 1 
Preparation of blank, standard and sample 
solution for iron determination 

Constituent Blank 
(ml) 

Standard 
(ml) 

Sample 
(ml) 

Standard iron 
solution 

0.0 1.0 0.0 

Sample ash solution 0.0 0.0 5.0 

Water 5.0 4.0 0.0 

Conc. H2SO4 0.5 0.5 0.5 

Potassium 
persulphate 
(Saturated) 

1.0 1.0 1.0 

The volume was made to 15 ml with water and 
observation was carried out setting the blank at 
100% transmission. 

Iron (mg/100 g) = 
OD of sample × 0.1 × Total volume of ash solution × 100

OD of standard × 5 × Wt. of sample taken for ashing

Determination of calcium 

Calcium content of the sample was determined 
by titrimetric method (AOAC, 2005) with 
slight modification. Briefly, to 100 ml ash 
solution (1 g ash), 10 ml of saturated 
ammonium oxalate solution and 2 drop of 
methyl red indicator was added. Solution was 
made slightly alkaline by addition of dil. 
Ammonia and then slightly acid with few 
drops of acetic acid until color is faint pink 
(pH 5.0), heated to boiling point and cooled 
overnight at room temperature. Then, filtered 
the solution through Whatman No. 42 paper 
and washed with water, till the filtrate was 
oxalate free. The calcium was precipitated 
using hot dilute H2SO4 (1+4), precipitated was 
washed with hot water and titrated with hot 
0.01 N KMnO4 to the first permanent pink 
color. Finally, filter paper was added to the 
solution and complete titration was carried out. 

Determination of potassium 

The potassium content was determined by 
Microprocessor Flame Photometer (Model 
number: 1381) as described in Ranganna 
(1986) and the amount of radiation emitted is 
measured on spectrophotometer. Briefly, to a 
sample aliquot containing potassium less than 
150 ppm, HCl was added to maintain same 
acid concentration   as that of standard. The 
standard curve was plotted and the ppm of 
potassium was obtained from it. 

Photometric quantification of betalain 

Betalain are quantified as described by 
Kaokubaier et al. (2014) with slight 
modification. Betacyanin and betaxanthin 
contents of methanol extract were determined 
at 538nm and 480 nm respectively using AuCy 
visible spectrophotometer (Model Number: 
SSI-1104). The betalain content (BLC) will be 
calculated as Singleton & Rossi (1965). 

BLC (mg/L) = 
A × DF × MG × 1000

e × 1

where A is the absorption value, DF the 
dilution factor, l is path length (1 cm) of the 
cuvette. For the quantification of betacyanin 
and betaxanthin the molecular weights (MW) 
and molar extinction coefficient (e) will be 
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respectively 550 g mol-1 and 60000 L mol-1 
cm-1 in H2O.

Determination of total phenolic content

Total phenolic content of the extract was 
determined by Folin-Coicalteu method as 
described in AOAC (2005) with slight 
modification. Briefly, dried sample (1g) was 
extracted with 10 ml 80% methanol and 
centrifuged at 3500 rpm at room temperature. 
Residue was re-extracted three times with 80% 
methanol and centrifuged. Then to, 2 ml 
methanolic extract, 1 ml distilled water, 0.5 ml 
Folin-Ciocalteu reagent were added and after 3 
min 2 ml of 20% sodium carbonate was added. 
After allowing to react in dark for an hour, an 
absorbance was measured at 765 nm using 
AuCy visible spectrophotometer (Model 
Number: SSI-1104), Gallic acid solution (5-50 
mg ml-1) was taken as standard and the results 
will be expressed as mg of gallic acid 
equivalents (GAE) per 100 g dry basis of 
samples. 

Antioxidant activity by radical scavenging 
activity 

DPPH free radical scavenging activities of 
extracts was determined by methods described 
as Upadhyay et al. (2012) with slight variation. 
Briefly, sample (5g) was extracted in 80% 
methanol solution (100ml) for overnight. Then, 
2 ml of 0.1 mM DPPH solution was mixed 
with 2 ml of extract and kept under dark 
condition for 30 minutes for complete reaction 
to take place. The anti-radial activity was 
determined at 517 nm using AuCy visible 
spectrophotometer (Model Number: SSI-
1104). Control for the experiment was 
prepared by adding 2 ml of DPPH and 2 ml of 
methanol. The percentage DPPH radical 
scavenging activity will be calculated as 
following (Khalaf et al., 2009): 

DPPH Scavenging activity (%) = 
Acontrol - Asample

Acontrol 
×100

Where Acontrol and Asample are absorbance of 
control and sample solution. The % DPPH 
scavenging activity versus concentration of 
sample (m/v) was plotted. The concentration of 
the sample necessary to decrease the DPPH 
concentration by 50% was obtained by 
interpolation from linear regression analysis 
and denoted as IC50 value (µg/ml). 

Statistical analysis 

The experiment was arranged as a Completely 
Randomized Design (CRD) with three 
replications. Each variation in the individual 
processing method was regarded as fixed 
factors. The data was analyzed by GenStat 
Release 12.1. Multiple comparison tests for 
observed means was done according to Tukey 
HSD, performed to identify differences 
between treatments at a significance level of p 
< 0.05. 

Results and Discussion 

Physical properties of beetroot 

The data pertaining to various physical 
properties like mass, length, diameter, color 
and shape of whole beetroot were determined 
and the average values are presented in Table 
2. 

Table 2 
Physical properties of beetroot bulb 

Physical Parameter Values 

Mass (g) 127.27 ± 15.34 

Length (cm) 10.20 ± 0.75 

Diameter maximum (cm) 6.20 ± 0.56 

Color (Visual) Dark red 

Shape Oval 

Note. Results are Mean ± SD of triplicate determinations 

Analysis of fresh beetroot 

Proximate composition of fresh beetroot 

The analysis of the beetroot gives the 
information about the nutritional, mineral and 
biochemical composition. The moisture, crude 
protein, crude fat and crude fibre and minerals 
contents of the red beetroot were determined 
(Table 3). The protein content was similar to 
10.714% as reported by Kale et al. (2018) but 
lower than 13.82% as reported by (Dambalkar 
et al., 2015; DFTQC, 2012). Dambalkar et al. 
(2015) reported that the fat content of beetroot 
is 1.45%. The result was lower than 2.38% as 
that claimed by Kale et al. (2018) as but higher 
than 0.81% as reported by (DFTQC, 2012) The 
total ash for beetroot was quite similar to value 
given by Kale et al. (2018) as 11.11%. The 
crude fibre content of the beetroot was higher 
than 7.31%. as that reported by DFTQC (2012) 
and Kale et al. (2018). 
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Mineral composition of fresh beetroot 

Beetroot is well known for its mineral content 
and is rich in iron and potassium. The fresh 
beetroot was analyzed for its mineral content 
(Table 4). The iron content (16.66 mg/100 g 
db) is higher than 5.95 mg/100 g db as 
reported by Kale et al. (2018) and then 9.67 
mg/100 g db as reported by DFTQC (2012). 
Straus et al. (2012) reported that iron content 
in beetroot grown at varying production 
system control, conventional, integrated and 
organic farming ranged from 18.9 to 25.2 
mg/100 g db. The calcium content (153.22 
mg/100 g db.) is within the range of 120-170 
mg/100 g db as given by Straus et al. (2012) at 
different production system and higher than 
146 mg/100 g db and 96.83 mg/100 g db as 
reported by DFTQC (2012) and Kale et al. 
(2018) respectively. The sodium content 
(587.08 mg/100 g db) is near to 576.03 mg/100 
g db as given by Kale et al. (2018) and higher 
(611.11 mg/100 g db) than reported by Kumar 
(2015). The potassium content (3236.86 
mg/100 g db) is higher (2903.66 mg/100 g db) 
than as reported by Kumar (2015). 

Table 3 
Proximate analysis of beetroot 

Parameter Value 

Moisture (%) 89.49 ± 0.06 

Protein (% db) 10.99 ± 0.09 

Crude fat (% db) 1.32 ± 0.06 

Total ash (% db) 11.08 ± 0.32 

Crude fibre (% db) 9.80 ± 0.12 

Carbohydrate (% db) 66.80 ± 0.73 

Note. Results are Mean ± SD of triplicate determinations 

Table 4 
Mineral analysis of beetroot 

Mineral Value 

Iron (mg/100 g db) 16.66 ± 0.45 

Calcium (mg/100 g db) 153.22 ± 1.91 

Sodium (mg/100 g db) 587.08 ± 0.58 

Potassium (mg/100 g db) 3236.86 ± 9.52 

Note. Results are Mean ± SD of triplicate determinations

Bioactive components and its antioxidant 
activity in fresh beetroot 

The extract was analyzed for bioactive 
component and its antioxidant activity in 
spectrophotometer and the result are presented 
in Table 5. 

Total phenolic content 

Total phenolic activity (TPC) was 1966.46 mg 
GAE/100 g db which is near to 1983.39 mg 
GAE/100 g db as reported by  Canadanovic-
Brunet et al. (2011). Guldiken et al. (2016) 
reported that the total phenolic content of 
beetroot was 1863.65 mg GAE/100 g db and 
higher than 1339.49 mg GAE/100 g db as 
reported by Kugler et al. (2007) which may be 
due to the cultivar and season of production 
(Gorinstein et al., 1999).  

Table 5 
Analysis of bioactive components and its 
antioxidant activity 
Parameter Values 

Total phenolic content (mg 
GAE/100 g db) 

1966.46 ± 30.92 

Antioxidant Activity (IC50 

µg/ml) 
459.44 ± 4.58 

Betacyanin (mg/100 g db) 445.64 ± 4.27 

Betaxanthin (mg/100 g db) 230.39 ± 6.26 

Betalain (mg/100 g db) 676.03 ± 9.36 

Note. Results are Mean ± SD of triplicate determinations 

Total antioxidant activity 

The DPPH scavenging abilities (IC50 value) of 
methanol extract (Figure 1) of fresh beetroot 
(459 µg/ml) is very close to Saani and 
Lawrence (2017) but higher than those 
reported by Stella (2011). The antioxidant 
capacity of beetroot juice was comparable to or 
higher than a variety of fruit and vegetable 
juices  (Wootton-Beard and Ryan, 2011) and is 
greater than better known vegetable juices, 
such as tomato and carrot, and fruit juices such 
as orange and pineapple, with only 
pomegranate juice displaying a higher 
antioxidant capacity (Clifford et al., 2015). 
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Figure 1 
DPPH assay of fresh beetroot 

Total betalain activity 

The betalain content of fresh beetroot (676.03 
mg/100 g db) is very near to those reported by 
Amirasgari and Mirsaeedghazi (2016) and 
lower than as reported by Bucur et al. (2016). 
The betacyanin and betaxanthin concentration 
was found to be 445.64 ± 10.23 mg/100 g db 
and 230.39 mg/100 g db respectively. The 
variation may be due to variety, cultivation 
area and climate of production. 

Optimization of blanching time 

Test for adequacy of blanching is shown in 
Table 6. The sample blanched for 3 minutes 
showed negative test result indicating that the 
optimum blanching time of 3 minute in 80 ± 
2℃ water was adequate for inactivation of 
peroxidase enzymes. 

Table 5 
Test for adequacy of blanching 

Blanching time (minutes) Test result 

0 Positive 

1 Positive 

2 Positive 

3 Negative 

4 Negative 

Effect of processing on bioactive 
components and antioxidant activity  

Total phenolic content 

There was no significant effect of blanching, 
microwave oven, electric oven treatment on 
total phenolic content (TPC) while the value 
lowered significantly (p<0.05) by 10.18% and 

16.52% for pressure and open pan cooking 
respectively. Similarly, TPC was not 
significantly different among the blanched, 
electric oven and microwave oven heated 
sample; among blanched, open pan and 
microwave oven heated sample; between 
pressure and open cooked sample (Figure 2). 
According to Ismail et al. (2004) blanching for 
1 min in boiling water reduced (4–26%) total 
phenolic content in beetroot. The loss in 
blanching, cooking might be due to leaching 
phenomenon in water (Ramos et al., 2017).  

Total antioxidant activity 

The microwave oven processing significantly 
(p<0.05) increased the IC50 value by 7.12% 
while electric oven processing significantly 
(p<0.05) decreased the value by 4.31% than 
blanched (6.14%), open pan cooked (9.46%) 
and pressure cooked (11.27%). ANOVA 
showed that there was no significantly 
difference (p>0.05) between open pan and 
pressure cooked; blanched and electric oven 
treated; blanched and open pan cooked sample 
(Figure 3). Saikia and Mahanta (2013) reported 
that the DPPH scavenging activity of beetroot 
was increased in microwave treated by 29% 
than in raw beetroot. 

Total betalain content 

The total betalain content (mg/100 g db) of 
blanching (542.66 ± 10.50), open pan cooked 
(538.36 ± 1.92), pressure cooked (519.86 ± 
2.57), electric oven treated (491.77 ± 5.34) and 
microwave (603.17 ± 2.43) processing had 
significantly decreased (p<0.05) than the raw 
beetroot (676.03 ± 9.36) as shown in Figure 4. 
The loss of betacyanin was 4.74-24.77% while 
for betaxanthin ranges from 6.47% to 39.03%. 
The loss of betacyanin were reduced 
significantly (p<0.05) by 24.77%, 19.62%, 
14.67%, 10.71% and 6.29% for electric oven, 
pressure cooking, blanching, cooking and 
microwave oven respectively. It was reported 
that betaxanthin is more heat sensitive than 
betacyanin as the loss percentage was higher in 
betaxanthin than betacyanin which is similar to 
Sapers and Hornstein (1979). The loss of 
betaxanthin was significantly reduced (p<0.05) 
during by 39.03%, 32.06%, 29.83%, 29.52% 
and 19.46% for open pan cooking, electric 
oven, pressure cooking, blanching and 
microwave oven. But, according to ANOVA 
there was no significant difference (p>0.05) in 
blanched, pressure cooked and electric oven 
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treated sample. Hence, the total loss of betalain 
contents was ranged from 10.78% to 27.26% 
for microwave oven treated and electric oven 
treated respectively. The loss of betalain 
content for pressure cooking, open pan 
cooking, blanching, and microwave oven 
heating are 23.10%, 20.36%, 19.73% and 
10.78% respectively. 

Betalain are lost at high temperatures, which 
explains the decrease in betalain concentration 
by all cooking methods (Ramos et al., 2017). 
Beets cooked in a pressure cooker had the 
highest loss (59.5%) compared to raw beet 
(Herbach et al., 2004). However, there was no 
statistically significant difference compared 
with oven-baked beets. Cooking methods that 
best preserved betalain content in beets were 
those immersed in water and steamed. 
According to Singh et al., (2015), there was a 
decrease of almost 10% in betalain 
concentration compared to that in raw beets. 
Ramos et al. (2017) reported that the betalain 
content decreased by 35% when immersed in 
boiling water. Even the minimal thermal 
treatment led to a decrease in the yield of the 
obtained betalain in the extracts (Ravichandran 
et al., 2013). It could also be seen that this was 

due to the higher decrease of the quantities of 
betaxanthin which are less stable during the 
thermal treatments (Herbach et al., 2004). 
Increasing the period of thermal red beet 
treatment led to an additional decrease of the 
betalain content in the extract (Georgiev et al., 
2010). 

Effect of drying on bioactive components 
and antioxidant activity in processed 
beetroot 

Total phenolic content 

The total polyphenolics content within the 
pretreatments were found to decrease 
significantly (p<0.05) after drying at 50℃ 
(Figure 5). It was reported that TPC in each 
pre-treatment after drying decreased by 5.08%, 
14.83%, 9.80%, 16.29% and 3.16% in 
microwave oven treated, electric oven treated 
blanched, pressure cooked and open pan 
cooked respectively. Davey et al. (2002) 
reported that loss of phenolic content was 
found to be lower with hot-air drying at 50℃ 
is 33.75%. Felipe et al. (2010) reported that 
drying process led to loss of 30% of total 
phenol content in beetroot. 

Figure 2 
Effect of processing in total phenolic content 

Note. Plotted values are means of 3 replicates. Vertical error bars represent standard deviations and values with different letters are 
significantly different (p<0.05) by Tukey HSD. 

Figure 3 
Effect of processing in antioxidant activity 

Note. Plotted values are means of 3 replicates. Vertical error bars represent standard deviations and values with different letters are 
significantly different (p<0.05) by Tukey HSD.
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Figure 4 
Effect of processing method in betalain content 

Note. Plotted values are means of 3 replicates. Vertical error bars represent standard deviations and values with different letters are 
significantly different (p<0.05) by Tukey HSD.

Figure 5 
Effect of drying in total phenolic content 

Note. Plotted values are means of 3 replicates. Vertical error bars represent standard deviations and values with different. letters are 
significantly different (p<0.05) by Tukey HSD. 

Figure 6 
Effect of drying in antioxidant activity 

Note. Plotted values are means of 3 replicates. Vertical error bars represent standard deviations and values with different letters are 
significantly different (p<0.05) by Tukey HSD. 

Total antioxidant activity 

The effect of drying on IC50 value (Figure 6) 
within microwave oven dried (418.45 ± 2.76 
µg/ml), and raw dried (438.16 ± 2.99 µg/ml) 
had significantly reduced (p<0.05) by 8.92% 
and 4.63% respectively while drying had no 
significant effect (p>0.05) on IC50 within electric 
oven dried (452.37 ± 6.83 µg/ml) and blanched 
dried (460.76 ± 5.80 µg/ml). However, its value 
was increased significantly (p<0.05) by 3.57 
and 7.67%. fresh (459.44 ± 4.98 µg/ml) open 

pan cooked (475.83 ± 7.23 µg/ml) and pressure 
cooked (494.70 ± 4.46 µg/ml).  It was found that 
IC50 value was decreased (increase in 
antioxidant activity) after drying of pre-
treatment as microwave oven treated (1.93%), 
pressure cooked (3.23%), blanched (5.38%), 
open pan cooked (5.38%) and electric oven 
treated (5.61%). Monreal et al. (2009) found 
no significant losses in the TAA (%) value 
when comparing beetroot chips and raw 
beetroots. Higher TAA (%) values for beetroot 
powder and beetroot chips were related to 
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drying of those formulations that removed 
water, thereby concentrating nutrients 

(Ravichandran et al., 2013). 

Figure 7 
Effect of drying in betalain content 

Note. Plotted values are means of 3 replicates. Vertical error bars represent standard deviations and values with different letters are 
significantly different (p<0.05) by Tukey HSD.

The high DPPH scavenging activity exerted by 
dehydrated samples can be due to the 
formation of compounds having powerful 
hydrogen donating ability (Zhang et al., 2009). 
Que et al. (2008) reported that hot air-dried 
pumpkin flour contained higher antioxidant 
activity possibly due to production of Maillard 
products. The increase in antioxidant capacity 
as a result of drying might be caused by the 
formation of new antioxidant compounds 
(Albanese et al., 2013). 

Total betalain content 

Drying significantly reduced (p<0.05) the total 
betalain content (TBC) with maximum 
destruction of betalain in electric oven treated 
sample (41.86%) followed by pressure-cooked 
sample (39.68%), open pan cooked sample 
(35.22%), blanched (32.26%), microwave 
oven treated (28.22%) and raw dried (14.66%) 
which is shown by Figure 7. 

There was no significant effect of drying 
(p>0.05) on TBC within microwave treated, 
blanched and cooked dried. Similarly, there 
was no significant difference (p>0.05) on TBC 
between pressure cooked dried and electric 
oven dried. Similarly, it was found that the 
decrease in betalain content in respective pre-
treated beetroot sample after drying were blanched 
(15.61%), open pan cooked (18.65%), microwave 
oven treated (19.54%), electric oven treated 
(20.00%), and pressure cooked (21.55%). It was 
found that betaxanthin (23.78-59.08%) is more 
susceptible to heat than betacyanin (9.96-
32.95%) which is supported by Sapers and 

Hornstein (1979). There was no significant 
reduction (p>0.05) in raw dried betaxanthin 
than in fresh but it significantly reduced 
(p<0.05) in other processed dried samples. The 
betacyanin content in fresh was significantly 
higher (p<0.05) than in the processed dried 
beetroots. The maximum and minimum 
destruction of betacyanin were 32.96% and 
9.95% and of betaxanthin were 59.08% and 
23.78% in electric oven dried and raw dried 
sample respectively. During thermal treatment 
of betacyanin fractions their level decreased by 
13% up to 15% depending on the cultivar. 
(Bator & Pawlak, 2016). Thermal treatment 
had a statistically significant effect in that it 
decreased yellow pigments content (Jimenez et 
al., 2004). The value obtained is similar to the 
result obtained by Ramos et al. (2017) which 
found significant decrease in betalain content after 
different dehydration methods. Temperature is 
the important factor influencing betalain 
stability (Ravichandran et al., 2013). Herbach 
et al. (2004) explained that thermal treatments 
decreased betalain stability. 

Conclusion 
Beetroot (Beta vulgaris L.)  has good amount 
of protein, iron, potassium, sodium, calcium, 
total phenolic content and antioxidant activity 
but has low fat content. Optimum blanching 
time for beetroot was 3 min in 80 ± 2℃ water. 
The total phenolic content was significantly 
(p<0.05) reduced in open pan and pressure 
cooking but insignificant (p>0.05) reduction in 
blanching, electric oven, and microwave oven 
processing. Retention of total phenolic in 

a b
d d e e

c

E
E

F F F F F

A
B

CD CD D D
C

-100

100

300

500

700

Fresh Raw Blanching Open pan
cooking

Pressure
Cooking

Electric oven Microwave
oven

B
et

al
ai

ns
 (m

g 
/1

00
 g

 d
b)

Betacyanin Betaxanthin Total



Niroula & Adhikari TUJFST 1 (2022) 46-56

© 2022 CDFT. All rights reserved. 55 

pretreated dried cubes was significantly 
highest in microwave treated. Betalain was 
decreased significantly (p<0.05) during 
blanching, open pan cooking, pressure 
cooking, electric oven treatment, microwave 
treatment and drying process. Betaxanthin was 
found more susceptible to heat than 
betacyanin. Microwave treated sample has 
significantly (p<0.05) highest antioxidant 
activity and has least effect on total phenolic 
and betalain contents. Microwave treatment 
seems to be promising treatment for better 
retention for functional properties of beetroot. 
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Abstract 

The aim of this research was to develop yogurt analogue by blending soy-maize milk and to 
study its sensory and keeping quality. D-optimal mixture design was employed for the 
formulation of soy-maize yogurt analogue. Five different formulations containing soymilk and 
maize milk in the ratio of 100:0, 85:15, 70:30, 55:45 and 40:60 were prepared. Sugar (6 g per 
100 g milk base), xanthan gum (0.005 g per 100 g milk base) and culture (2U per 20 l) were 
mixed in all formulations. The prepared yogurts were subjected to sensory evaluation for 
consumer acceptability. The sensory analysis revealed that soymilk (85%) and maize milk (15%) 
was of acceptable quality. There was significant difference (p<0.05) between the formulation in 
terms of color and appearance, flavor, body and texture and overall acceptance. The soy and 
soy-maize yogurt (optimized) were evaluated for fermentation kinetics (pH, acidity, total plate 
count and Streptococcus thermophilus count) at the interval of 2 h for 6 h during incubation; and 
during storage (refrigeration temperature 4-5℃) at the interval of 3 days for 12 days. The 
physicochemical analysis showed that there was significant difference (p<0.05) in terms of 
protein, carbohydrate, acidity and syneresis and not significant (p>0.05) in regards of moisture 
content, fat, ash, and pH between soy and soy-maize yogurt. Also, there was significant 
difference (p<0.05) in pH, acidity, total plate count and Streptococcus thermophilus count with 
respect to incubation and storage time for soy and soy-maize yogurt. The yeast and molds count 
were observed at the 12th day of storage only. The syneresis of soy and soy-maize yogurt was 
also significantly different (p<0.05) with respect to storage time. 
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Introduction 
Yogurt is a product resulting from milk by 
fermentation with a mixed starter culture 
consisting of Streptococcus thermophilus and 
Lactobacillus delbrueckii ssp. bulgaricus 
(Tamime and Robinson, 2007). Milk is 
considered as the only food containing all the 
essential substances for human health. 
However, some milk constituents and common 
contaminants such as pesticides, estrogen and 
insulin-like growth factor might be responsible 
for adverse reactions on the consumer’s health. 
As animal milks are not favored by lactose 
intolerant people, they are shifting towards 
plant-based milks (Davoodi et al., 2013).  

Soybean (Glycine max) is one of the most 
important legumes of tropics with high quality 
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protein and fat. Soybean contains many anti-
nutritional factors such as trypsin inhibitors, 
hemagglutinin, estrogenic factor, saponins, 
phytic acid and flatus factors but recently these 
components are of interest because of their 
prebiotic properties, anti-carcinogenic and 
other medicinal importance (Wang, 2008). 
Maize (Zea mays L.) is one of the most 
cultivated cereal grains and typically contains 
protein (8-10%), lipid (4-5%), starch (70-75%) 
and ash (1-4%) (Arendt and Zannini, 2013). 
The ease of handling and processing of 
soybean and maize allows development of 
numerous food items, with each being 
characterized by its own technological 
characteristics and qualities. Many food 
producers aim to address the present consumer 
demands and environmental concerns by 
developing and working in sustainable 
alternative food products (Mahony et al., 
2020). Soymilk support simultaneous growth of 
Bifidobacteria and Lactobacillus acidophilus or 
Streptococcus thermophilus, but Bifidobacterium 
infantis and Bifidobacterium longum both had 
a detrimental effect on the growth of 
Lactobacillus bulgaricus in soymilk. The 
bifidobacteria and lactic acid bacteria count 
showed no marked change in cultured soymilk 
with or without sucrose during storage at 5⁰C 
for 10 days (Chou et al., 2002).  

Vegetarian concerns of health and environment 
have led a demand for plant-based milk 
alternatives and their products. Soy and maize 
milk are water extracts that can contribute 
affordable and plentiful supply of protein and 
calories. Milk analogue such as soymilk, oat 
milk, coconut milk and cocoa milk dominate 
the market (Kumar et al., 2019). The objective 
of this study was to evaluate the effect of 
incubation and storage time on the sensory, 
physicochemical and microbial characteristics. 

Materials and Methods 

Preparation of soymilk and maize milk 

Glycine max (white variety), Zea mays (yellow 
variety), and sugar were purchased from the 
local market of Dharan. Starter culture (ST-
600) manufactured by Tropilite Foods Pvt.
Ltd., Madhya Pradesh, India was purchased
from Itahari. The soybeans were sorted and
dried in hot air oven at 100℃ for 20 min. The
dried soybean was soaked for 16 h and
bleached with 0.5% sodium bicarbonate
solution at 80-85℃ for 20 min and dehulled.

The dehulled soybeans were ground with hot 
water 80-85℃ (soybean: water at 1: 6) and the 
slurry was filtered through muslin cloth to 
obtain soymilk. Soymilk was heated at 90-
95℃ for 15 min and stored in refrigeration 
temperature (4℃) till further use (Yu et al., 
2017). 

Maize milk was prepared from green field 
maize at eating stage. The husk and silk were 
removed and cobs washed with potable water. 
Maize kernels were removed from the cobs 
and ground with water in grinder maintaining 
the ratio of maize kernel and water ratio at 1:4. 
The slurry was filtered through muslin cloth 
and maize milk was heated at 80℃ for 10 min. 
The heated maize milk was stored in 
refrigeration temperature (4℃) (Geetha et al., 
2018). 

Manufacture of soy-maize milk yogurt 
analogue 

The soy-maize milk yogurt analogues were 
prepared under different sets of soymilk and 
maize milk ratios: 100:0 (A), 85:15 (B), 70:30 
(C), 55:45 (D), and 40:60 (E) These 
formulations were obtained from D-optimal 
mixture design in Design Expert software 
(Version 12). Soymilk with or without maize 
milk were pre-heated to 45℃ and sugar (6 g 
per 100 g milk) and xanthan gum (0.005 g per 
100 g milk) were added. Then the mixture was 
heated to 85℃ for 15 min and cooled to 42-
43℃. The milk was inoculated with starter 
culture at the rate of 2 U/20 L and incubated at 
42℃ for 6 h. The prepared soy-maize yogurt 
analogue was stored at refrigeration 4-5℃. 

Determination of physiochemical 
parameters 

The protein, ash, and moisture contents of 
yogurt analogue were determined as described 
by Ranganna (1986). The fat, total 
carbohydrate, pH, titratable acidity and total 
solids were determined according to Shrestha 
and Waldhauer (2001). Syneresis of yogurt 
analogue was determined by using the 
drainage method with slight modification as 
described by Shah et al. (2006). A cup of 
yogurt was taken out from the refrigerator and 
the whey on the surface was siphoned. The gel 
weighing about 30 g was cut with the help of 
stainless-steel ladle and the gel was weighed 
and drained on a filter paper for 2 h at room 
temperature. The whey was weighed and the 
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syneresis was express as the percent whey 
separation from the gel over the initial weight 
of the gel. 

Microbial analysis 

The soy yogurt (control) and yogurt analogue 
were evaluated for fermentation kinetics (pH, 
acidity, total plate count and Streptococcus 
thermophilus count) during incubation at the 
interval of 2 h for 6 h and during storage at the 
interval of 3 days for 12 days. One ml of 
yogurt was taken and serial dilutions were 
prepared in sterile distilled water. The total 
plate count was performed using total plate 
count agar. Appropriate dilutions were plated 
to total plate count agar and incubated at 30℃ 
for 72 h. The yeast and mold count were done 
using potato dextrose agar. The inoculated plates 
were incubated for 48 h at 25℃ (Shrestha and 
Waldhauer, 2001). Streptococcus thermophilus 
agar was used to enumerate Streptococcus 
thermophilus under aerobic condition and 
incubation at 37℃ for 24 h (Shah and Ashraf, 
2011). 

Sensory analysis 

Ten semi-trained panelists were selected from 
the teachers of Central Department of Food 
Technology, Dharan who were familiar and 
regular consumer of yogurt. A 9-point hedonic 
rating scale (1=dislike extremely, 9=like 
extremely) was used to evaluate the quality 
attributes like color and appearance, flavor, 
body and texture, and overall acceptability of 
the yogurt analogue.  

Statistical analysis 

Sensory data was subjected to statistical 
analysis using IBM SPSS (Version 26) for 
Analysis of Variance (ANOVA) at 5% level of 
significance. Data from physicochemical and 
microbial analysis were subjected to one-way 
ANOVA. Difference among the means was 
analyzed using Tukey’s HSD (Honestly 
significant difference) method. 

Results and Discussion 

Analysis of soymilk and maize milk 

The proximate composition of soymilk and 
maize milk is presented in Table 1. From 
statistical analysis, there is significant 
difference (p<0.05) between soymilk and 

maize milk in terms of moisture, protein, fat 
and carbohydrate content, but not significant 
difference (p>0.05) in terms of ash content. 

Table 1 
Proximate composition of soymilk and maize 
milk 

Parameter Soymilk Maize milk 

Moisture (%) 89.72 ± 0.06a 90.26 ± 0.13b 

Protein (% db) 62.35 ± 2.06a 12.46 ± 0.67b 

Fat (% db) 26.91 ± 1.49a 11.70 ± 0.74b 

Ash (% db) 5.32 ± 0.10a 5.58 ± 0.46a 

Carbohydrate (% 
db) 5.40 ± 0.52a 70.22 ± 1.68b 

Note. Figures are the mean ± SD of triplicate. Means with 
different superscript on the same row are significantly 
different (p<0.05). 

The fat, carbohydrate and ash content of 
soymilk were similar but protein content was 
slightly higher than the value reported by 
Sayed et al. (2016). The protein and ash 
content of maize milk were higher, fat content 
lower and carbohydrate similar to the value 
given by Ifediba and Nwabueze (2018). The 
variation in composition may be due to varieties 
of soyabean and maize as well as treatment 
methods used during milk production. 

Sensory evaluation 

As shown in Figure 1, the concentration of 
maize milk higher than 15% led to decrease in 
sensory appeal of soy-maize yogurt. A 
significant difference (p<0.05) in the mean 
score was observed for appearance, flavor, 
body and texture and overall acceptance. 

There was a significant effect (p<0.05) of 
maize milk variation on color and appearance 
as well as body and texture of soy-maize 
yogurt. When quantity of maize milk was 
increased in milk base, the yellow color got 
intense due to the effects of xanthophyll 
(yellow color). This resulted in low rating for 
sample C, D and E. Makanjuola (2012) 
reported similar results for different 
combination of soy corn yogurt and also 
concluded that there is decrease in mean score 
for body and texture with increase in maize 
milk. This result may be correlated with the 
decrease in amount of protein responsible for 
forming gel and structure in yogurt. 
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Figure 1 
Sensory analysis of soy-maize yogurt analogue 

Note. Bars with similar letters for any sensory attributes are not significantly different (p<0.05). 

The sample B was significantly different 
(p<0.05) from other samples excluding A and 
had the highest mean score in terms of flavor. 
Raviyan et al. (2010) observed similar score 
for flavor in corn and cow milk yogurt. From 
this study, it is clear that the increase in maize 
milk reduce the acceptance of flavor. This may 
be because the maize flavor prevailed in soy-
maize yogurt. On the other hand, maize contains 
volatile substance such as acetaldehyde which 
can contribute in reducing the beany flavor of 
soybean (Srianta et al., 2014). 
The mean score for overall acceptance was 
significantly (p<0.05) higher for sample B. In 
this study, the increase in the proportion of 
maize milk showed decrease in acceptability of 
soy-maize yogurt. However, from mean score 
of overall acceptability we can draw 
conclusion that acceptable soy-maize yogurt 
can be prepared by adding optimum quantity 
of maize milk. Maize milk can be used to 
fortify soymilk to develop quality and valuable 
yogurt analogue (Kolapo and Oladimeji, 
2008). 

Physicochemical composition of yogurt 

Table 2 shows a comparison of physicochemical 
composition of soy yogurt and soy-maize yogurt. 
The statistical analysis revealed significant 
difference (p<0.05) between soy and soy-maize 
yogurt in terms of protein, carbohydrate, 
acidity and syneresis but not difference in 
other parameters like moisture content, fat, 
ash, and pH. The protein, fat and carbohydrate 
content of soy and soy-maize yogurt were 
35.11 and 30.14, 19.95 and 18.61 and 41.61 
and 47.94 respectively. The addition of maize 
milk reduced the protein and fat content but 
increased the carbohydrate content of soy-
maize yogurt in comparison to soy yogurt. The 

syneresis value was higher for soy yogurt 
(28.14 %).  

The chemical composition of soy and soy-
maize yogurt analogue was consistent with that 
of Trindade et al. (2001). The fat and protein 
content of soy-maize yogurt was higher. This 
is not in an agreement with the study of 
Amanze and Amanze (2011), where they 
reported the fat and protein value on dry basis 
(db) as 15.53 and 24.13 respectively. In the 
study of Han et al. (2010) similar result was 
obtained for pH content but the acidity of soy 
yogurt was lower. They prepared soy yogurt 
with 2% starter culture and fermented at 37℃ 
for 36 h. 

Table 2 
Physicochemical composition of soy and soy-
maize yogurt analogue 

Parameters Control Optimized 
Moisture content 
(%) 

83.46 ± 0.29a 83.93 ± 0.20a 

Protein (% db) 35.11 ± 1.07a 30.14 ± 1.19b 

Fat (% db) 19.95 ± 1.03a 18.61 ± 0.94a 

Carbohydrate (% db) 41.61 ± 2.98a 47.94 ± 2.31b 

Ash (% db) 3.35 ± 0.10a 3.30 ± 0.16a 

pH 4.66 ± 0.05a 4.60 ± 0.07a 

Acidity (as lactic 
acid) % 

0.37 ± 0.01a 0.50 ± 0.02b 

Syneresis (% whey 
separation) 

28.14 ± 0.41a 26.02 ± 0.70b 

Note. Figures are the mean ± SD of triplicate. Similar 
superscript on means in the same row indicate not significant 
difference (p>0.05) and different superscript on means in the 
same row indicate significant difference (p<0.05). 
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pH and titratable acidity 

The pH of soy and soy-maize yogurt decreased 
with increase in acidity. The statistical analysis 
showed that there is significant difference 
(p<0.05) in pH and acidity of soy and soy-
maize yogurt with incubation time and storage 
days. The change in pH and acidity of soy and 
soy-maize yogurt during incubation is 
presented in Table 3. Gutiérrez and Azuero 
(2018) reported sharp decrease in pH and 
increased in acidity of yogurt prepared from 
reconstituted skim milk powder (13%) in 
distilled water, sacha inchi seeds (4%), sucrose 
(7.5%), different composition of β-glucans 
from Ganoderma lucidum (0-1.5%) and 
incubated at 43±1℃ for 5 h. They reported the 
pH and acidity of yogurt as 4.6 and 0.90-1.30 
respectively. Streptococcus thermophilus alone 
produced most acid than other lactic acid in 
soy yogurt (Chou et al., 2002). 

Table 4 shows the value of pH and acidity 
during storage for soy and soy-maize yogurt 
analogue. Falade et al. (2014) obtained similar 
trend of decrease in pH and increase in acidity 
of plain soy and plain bambara yogurt during 
storage (9 days) with added 1% glucose. 
However, acidity of plain soy and plain 
bambara yogurt were relatively higher i.e., 
1.63-2.02% and 1.53-1.94% respectively. In a 
recent study, Igbadul et al. (2018) reported 
similar results for pH and acidity for yogurt 
prepared from the mixture of bambara nut, 
soybean and Moringa oleiferia seed milks 
which were stored for 14 days and pH and 
acidity of yogurt was observed at the interval 
of 7 days. The lower buffering capacity of the 
plant-based milk may be the cause of higher 
reduction in pH and lower acidity development 
during storage (Raviyan et al., 2010). 

Table 3 
Effects of incubation time on pH and acidity of 
soy and soy-maize yogurt 

Incubation 
time (h) 

pH Acidity 

Soy 
yogurt 

Soy-
maize 
yogurt 

Soy 
yogurt 

Soy-
maize 
yogurt 

0 6.84 ± 
0.05a 

6.87 ± 
0.06m 

0.12 ± 
0.01a 

0.15 ± 
0.01m 

2 6.59 ± 
0.04b 

6.55 ± 
0.06n 

0.20 ± 
0.01b 

0.21 ± 
0.02n 

4 5.28 ± 
0.05c 

5.08 ± 
0.05o 

0.31 ± 
0.01c 

0.32 ± 
0.01o 

6 4.66 ± 
0.05d 

4.60 ± 
0.07p 

0.37 ± 
0.01d 

0.50 ± 
0.02p 

Note. Figures are the mean of triplicate and values after ± are 
standard deviation. Mean values within same column with 
different superscripts are significantly different (p<0.05). 

Table 4 
Effects of storage time on pH and acidity of 
soy and soy-maize yogurt 

Storage 
time 
(days) 

pH Acidity 

Soy 
yogurt 

Soy-
maize 
yogurt 

Soy 
yogurt 

Soy-
maize 
yogurt 

0 4.66 ± 
0.05a 

4.60 ± 
0.07m 

0.37 ± 
0.01a 

0.50 ± 
0.02m 

3 4.52 ± 
0.06b 

4.40 ± 
0.06n 

0.44 ± 
0.05ab 

0.56 ± 
0.02mn 

6 4.43 ± 
0.07bc 

4.30 ± 
0.06n 

0.46 ± 
0.02b 

0.58 ± 
0.05no 

9 4.35 ± 
0.03c 

4.29 ± 
0.06n 

0.46 ± 
0.03b 

0.63 ± 
0.02o 

12 4.32 ± 
0.04c 

4.30 ± 
0.05n 

0.50 ± 
0.04b 

0.60 ± 
0.02no 

Note. Values are mean ± SD. Values with different superscript 
within the same column are significantly different (p<0.05). 

Syneresis 

Syneresis of soy and soy-maize yogurt 
analogue increased with storage time (Table 5) 
and was significantly different (p<0.05) with 
storage days. Raviyan et al. (2010) obtained 
similar conclusion in corn milk yogurt 
prepared with added lactose (2% w/v) and 
gelation (0.4% w/v). They observed increased 
in syneresis of corn yogurt whereas no increase 
in syneresis of cow milk yogurt during storage 
for 35 days at 5℃. The syneresis of yogurt 
increases with increase in the proportion of 
corn milk in formulation (Geetha et al., 2018). 
Laboratory prepared xanthan gum (0.005%) 
when used in dairy and soy yogurt as stabilizer 
showed no syneresis for 10 days (El-Sayed et 
al., 2002). Syneresis of yogurt prepared with 
different variations in milk and soymilk 
increased with storage time (Mazloomi et al., 
2013). 

Microbial analysis 

The total plate count (TPC) and Streptococcus 
thermophilus count increased during 
incubation and storage. The statistical analysis 
showed significant difference (p<0.05) in total 
plate count and Streptococcus thermophilus 
count of soy and soy-maize yogurt. Table 6 
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shows the pattern of total plate count and 
Streptococcus thermophilus count during 
incubation.  

Table 5 
Effects of storage time on syneresis of soy and 
soy-maize yogurt analogue 

Storage 

time (days) 

Syneresis (% whey separation) 

Soy yogurt Soy-maize 

yogurt 

0 28.14 ± 0.41a 26.03 ± 0.70m 

3 30.21 ± 0.75b 28.10 ± 0.63n 

6 32.19 ± 0.63c 30.03 ± 0.69o 

9 35.70 ± 0.62d 33.08 ± 0.67p 

12 38.64 ± 0.55e 35.73 ± 0.45q 

Note. Values are mean ± SD. Values with different superscript 
within the same column are significantly different (p<0.05). 

Pyo and Song (2009) reported similar trend of 
increase in total lactic acid during incubation 
in soy yogurt fermented at 35℃. Srianta et al. 
(2014) observed similar results with higher 
number of lactic acid bacteria in soy and maize 
milk yogurt. Streptococcus thermophilus can 
grow rapidly in soymilk during the initial stage 
of cultivation (Chou et al., 2002). From this 
study, it is concluded that Streptococcus 
thermophilus grows and survives well in soy-
maize milk yogurt. 

Table 7 shows the profile of total plate count 
and Streptococcus thermophilus count during 
storage. Initially there was an increase in TPC 
and Streptococcus thermophilus count but 
decreased at latter part of storage. The lactic 
acid bacteria growth was found similar in soy 
and bambara yogurt stored for 9 days (Falade 
et al., 2014). Han et al. (2010) observed similar 
pattern for Streptococcus thermophilus growth 
in soymilk stored for 15 days at 4℃. The 
number of lactic acid bacteria decreased with 
storage time; this may be the results of 
nutrients scarcity and changing environment 
(Aini et al., 2018). Yeasts and molds were not 
observed for 9 days. On the 12th day, the yeast 
and molds count of soy and soy-maize yogurt 
was 1.33 and 2.67 CFU/ml respectively.  

Table 6 
Effects of incubation time (h) on total plate 
count and Streptococcus thermophilus count of 
soy and soy-maize yogurt 

Incubation 

time (h) 

Total plate count 

(log CFU/ml) 

Streptococcus 

thermophilus (log 

CFU/ml) 

Soy 

yogurt 

Soy-

maize 

yogurt 

Soy 

yogurt 

Soy-

maize 

yogurt 

0 6.78 ± 

0.03a 

6.79 ± 

0.03m 

6.44 ± 

0.03a 

6.48 ± 

0.03m 

2 7.30 ± 

0.04b 

7.35 ± 

0.10n 

7.12 ± 

0.01b 

7.33 ± 

0.06n 

4 8.45 ± 

0.09c 

8.48 ± 

0.04o 

8.25 ± 

0.06c 

8.33 ± 

0.03o 

6 8.61 ± 

0.03d 

8.62 ± 

0.03o 

8.38 ± 

0.03c 

8.41 ± 

0.04o 

Note. Values are mean ± SD. Values with different superscript 
within the same column are significantly different (p<0.05). 

Table 7 
Effects of storage time on total plate count and 
Streptococcus thermophilus count of soy and 
soy-maize yogurt 

Storage 

time 

(days) 

Total plate count 

(log CFU/ml) 

Streptococcus 

thermophilus (log 

CFU/ml) 

Soy 

yogurt 

Soy-

maize 

yogurt 

Soy 

yogurt 

Soy-

maize 

yogurt 

0 8.61 ± 

0.03a 

8.62 ± 

0.03m 

8.38 ± 

0.03a 

8.41 ± 

0.04m 

3 8.74 ± 

0.03b 

8.75 ± 

0.03n 

8.42 ± 

0.07a 

8.51 ± 

0.03m 

6 8.76 ± 

0.05b 

8.79 ± 

0.03no 

8.50 ± 

0.05ab 

8.62 ± 

0.04n 

9 8.63 ± 

0.02a 

8.86 ± 

0.03o 

8.49 ± 

0.04ab 

8.75 ± 

0.04o 

12 8.56 ± 

0.04a 

8.81 ± 

0.04no 

8.59 ± 

0.06b 

8.76 ± 

0.04o 

Note. Values are mean ± SD. Values with different superscript 
within the same column are significantly different (p<0.05). 
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Conclusion 
Yogurt analogue with considerable quality was 
produced from soy (85%) and maize milk 
(15%). The protein, carbohydrate, acidity and 
syneresis were significantly different between 
soy and soy-maize milk yogurt whereas 
moisture content, fat, ash and pH were not 
significantly different. There was significant 
difference (p<0.05) in pH, acidity, total plate 
count, Streptococcus thermophilus count for 
soy and soy-maize yogurt during incubation 
and storage. 
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