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Editorial

This issue of Farm and Business Vol 10, No.1 August 2018 contains five (5) Contributed Papers
from the 32" West Indies Agricultural Economic Conference in held in Georgetown, Guyana in
August 2017. In this issue, there is also a small Note / Think Piece from two (2) Authors at the
Food and Agricultural Organizations of the United Nations e nt i tHowe chn @aribbean
Agriculture Reach its Potential. dt also contains abstracts of presentations at the Conference
from some presenters who did not submit papers for review. Other papers from this Conference
will be published in subsequent volumes of this Journal as they are reviewed and accepted.

Copies of all issues of Farm and Business are available on line at the following website?3
Members of the Society are urged to visit these websites to obtain relevant information on the
Agricultural Economics of the Caribbean to assist them in their research. Members and all other
persons interested are reminded that the journal is accepting papers for review and publication
for upcoming issues.

With Farm and Business as an on-line journal, the Society will no longer publish Proceedings of
the West Indies Agricultural Economics Conference series. Papers from the Conferences will be
published in Farm and Business. However all Proceedings of t he West Indies Agricultural
Economics Conferences are now available on line at the following website23, This Conference
series also remains an invaluable source of information on the changing focus of the Economics
of Caribbean Agriculture over the years since 1965. At this time there is no publication fee.

We do hope you enjoy reading this publication and will submit your articles to the Journal for
review and publication.

Carlisle Pemberton
Editor-In-Chief
Farm and Business

! http://www.caestt.com/home/publications.php
! hitps://ageconsearch.umn.edu/collection/44?In=en
! https://econpapers.repec.org/article/agsfabtho/
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Exploring the Talent Needs for Food Safety Professionals
in Established Food Processing Companies in Trinidad

Dharamdeo Singh! and Jenelle Yarde Blackman?

1Lecturer, Faculty of Agriculture and Forestry, University of Guyana.
2Quality Manager at Vemcoiited, Trinidad

Abstract

Globalization and the advancement of technologies have contributed to an extended and more
complex food chain and increased competitiveness in the local and world markets. Food
manufacturing companies are therefore forced to rely on efficient production systems which
require individuals with specific skills. This study seeks to identify the skills that are necessary for
quality food production and to determine if the undergraduate food programs adequately equip
students with these skills. It also determined the advantages and disadvantages of employing
graduates with adequate/limited theoretical and practical food skills.

A total of 33 food processing companies in Trinidad participated in the study. Questionnaires were
administered to participants using electronic mails and interviews. Data was collected on the
characteristics, employeesd skills, and the emplo

Fourteen types of food companies were surveyed across Trinidad. Majority of the respondents
(94.1%) stated that University of the West Indies (UWI) graduates working in their companies lack
the practical skills required (P=0.001); while 58% stated these graduates were not adequately
trained (P=0.23). Food companies indicated that the most important skills needed were:
teamwork, communication and people skills (P=0.001). There were several advantages and
disadvantages of employing persons with adequate/limited food skills; the most popular
advantage was fAemployeesyoaangi hbeombstapkpuehfidi
fempl oyees producing poor quality worko (P=0.13 a

This research provided an overview on the food skills of graduates from the UWI food programs
currently working in the food and beverage sector of Trinidad. It also indicated the most highly
desired skills by employers and provided recommendations for the improvement of skills in the
food sector.

Keywords: Hard Skills, Soft Skills, Food Safety Professionals, Food Processing Companies,
Food Security, Food Safety

Introduction

According to the United Nations for Food and Agri
at all times, have physical and economic access to sufficient safe and nutritious food that meets
their dietary needsandfood pref erences for an active and heal't

Food borne diseases greatly affect the health of individuals as well as the quality and
guantity of food (WHO, 2015). Food safety policies for both government and public industries exist

Farm & Business: Volume 10, No. 1, August 2018



Exploring the Talent Needs for Food Safety Professionals in Established Food Processing Companies in Trinidad 2

to guide and enforce action from the production to consumption of the food cycle (WHO, 2015).
The production of safe food and drinks is the main priority for individuals involved in the
production, distribution and preparation of food.

The food industryisvery vast in some countries and plays
economy. It not only provides food but also allows food to have longer shelf life and be free from
hazards. Food industries also assist in providing foreign exchange and domestic revenue as well
as provide employment for the people of a nation (Economy Watch, 2010).

Knowledge of foodborne diseases have increased which creates a demand for better
guality and food that are safe (FDA, 2015). One of the major issue affecting the food industry is
Af ood safetyo (UsSs Depart ment of Commer ce, 2008
contaminated and cause serious illness and may even be life threatening when consumed.
Foodborne contamination is responsible for two hundred diseases; this includes liver and kidney
problems and even cancer and neural disorders (Gain Health, 2015).

To ensure that there is always a constant supply of food that is safe and has standardized
guality, food industries have implemented strategies such as: Hazard Analysis Critical Control
Point (HACCP), Good Agricultural Practices (GAP), Sanitation Standard Operating Procedures
(SSOP), Standard Operating Procedures ( S O Pan@ Good Manufacturing Practices ( GMP éns ) ;
order to combat microbes and produce safer foods (EUFIC, 2015).

To ensure production does not decline in its standards and to improve productivity food
companies usually have personnel who are trained in food safety and quality management. Each
of these food safety professionals take on various difficult responsibility for food safety within their
organization and are usually held accountable for any illnesses caused as a result of their
negligence (Noel 2013). This implies that skills that govern food safety are vital to the progression
of the food company. These skills are divided into two categories; hard skills and soft skills.

Hard skills are skills that are fieasy to obser
(Education Planner 2012). Hard skills can be defined as the technical skills that are needed to
cary out a specific task. Soft skills also referre
Aingrechnical o skills that are considered valuabl
today (Robinson 2008) . el asthe mterpersdnal, didintan, gekpielod s 6 i
behavioral skills needed to apply technical skills and knowledge in the workplace (Robinson

2009).

r
e
S

Methodology

Site of the Experiment
The study was carried out in Trinidad. Only food companies that were registered with the
government of Trinidad were asked to take part in the study. Data was collected from various food
processing companies. Questionnaires were pilot tested from six (6) food companies that were
not registered with the government of Trinidad Manufacturers Association.

Data Collection
Surveys were emailed to twenty four (24) food companies and nine (9) companies were surveyed
using the face to face discussion method. A total of forty-six (46) food processing companies were
surveyed and thirty-three (33), (71.73%) companies responded. Companies who received
guestionnaires via email were urged to call or email any questions, concerns or assistance
needed in answering the questionnaire. In the various sections of the interview the employers
were asked to indicate the level of importance/agreement (on a seven-point Likert Scale) of

Farm & Business: Volume 10, No. 1, August 2018



Exploring the Talent Needs for Food Safety Professionals in Established Food Processing Companies in Trinidad 3

studentoés skills (where 1 wild.l be rated as

important/strongly agree) (Wachenheim and Lesch, 2002). Questionnaire consisted of nine (9)
sections that dealt with general information of the company, capabilities of UWI undergraduates,
importance of various food skills, advantages of having necessary food skills, disadvantages of
not having necessary food skills, skills that require improvement, provision of training of food
companies, and profile of the various respondents of various food companies.

A few of the skills surveyed included: people skills; teamwork skills; leadership ability;
technical skills; communication (written and oral) skills; interpersonal qualities; grade point
average. Skills regarding food safety and quality were also assessed. Some of which included:
the knowledge and understanding of Good Manufacturing Practices (GMP), Hazard Analysis
Critical Control Points (HACCP), Sanitation Standard Operating Procedures/ Standard Operating
Procedures (SSOP/SOP), and equipment maintenance.

Statistical Analysis
All statistical analyses, including the means, standard deviation, medians, and graphs were
conducted using the SPSS Statistics Base 17.0 program. One-way analysis of variance tests
were performed to detect the statistical differences (P <0.05) of the various level/degree of
importance/agreement of respondents from the food companies. The Tukey HSD test was used
to perform multiple comparisons (P<0.05). Significance was measured at the 0.05 probability.

Results & Discussion

Over half (18) of the questionnaires were answered by managers, seven (7) by food line
supervisors, four (4) by human resource officer, two (2) by assistant managers, and two (2) by
guality technicians.

Capabilities of UWI Undergraduates
The area in which UWI undergraduates are lacking
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Q. Theorethical Skills Practical Skills Both Theoretical and Practical
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Skills

Figure 1: The areain which UWI undergraduates are lacking

Most (94.1%) of the respondents stated that UWI undergraduates lack the practical skills
(HACCP, GMP, SOP and SSOP, ability to test foods, maintenance of food production equipment,
skills for research and development) required by their companies and this was significantly higher
than the percentage of respondents who stated that the area lacking was both theoretical
knowledge and practical skills (5.9%) and theoretical knowledge only (0%) F (2, 98) = 192.80, P
=0.001.

Farm & Business: Volume 10, No. 1, August 2018
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Exploring the Talent Needs for Food Safety Professionals in Established Food Processing Companies in Trinidad 4

Hard Skills

Food Safety is a major issue of food processing due to its health and economic importance (United
Nations Industrial Development Organization, 2015). This implies that skills governing food safety
are vital to the progression of the food co
Aquantifiabl ed ftrralli dd eQEdwmdatiimerm Pl anner
as the technical skills that are needed to carry out a specific task. Hard skills are basically the
skills gained from education, experience and level of expertise (Hewitt, 2005). It involves the
theoretical foundations and practical exposure an individual should have to successfully execute
a planned task (Amhed and Fernando 2013).

Major theoretical and practical skills that students should possess when seeking employment at
food companies.

Farm & Business: Volume 10, No. 1, August 2018



Exploring the Talent Needs for Food Safety Professionals in Established Food Processing Companies in Trinidad 5

Table 1: Major theoretical knowledge and practical skills that students should possess when seeking
employment at food processing companies

Ability to K”Oxgdge
Knowledge Knowledge The Maintenance test foods Skills understanding
. at the end necessary
and and importance of food of food safety
Agreement . : ) of for research
understanding | understanding | of SSOPs production processing and laws at a
of GMPs of HACCP and SOPs equipment for quality | development _natlonal_ and
international
and safety
level
Strongly a a a a a a a
Disagree 0.0 (0) 0.0 (0) 3.0(2) 3.0(1) 9.1 (3) 9.1 (3) 3.0(1)
Moderately a ab a a a a a
Disagree 21.2 (7) 6.1 (2) 6.1 (2) 12.1 (4) 9.1 (3) 12.1 (4) 3.0(2)
S“ghtly a ab ab a a a a
Disagree 6.1 (2) 6.1 (2) 12.1 (4) 6.1(2) 18.2 (6) 18.2 (6) 24.2 (8)
Neutral 12.1 (4)® 6.1 (2) 12.1 (4) ® 15.2 (5)2 18.2 (6)2 21.2 (7)® 15.2 (5)2
ig?:ély 18.2 (6) @ 21.2 (7) @~ 15.2 (5) ® 24.2 (8)@ 27.3(9)® 15.2 (5)2 21.2 (7)®
'\A"gf'eeerate'y 15.2 (5) @ 27.3(9) b 36.4 (12)P | 27.3(9)2 6.1(2)2 9.1(3)2 12.1 (4)2
igfe”eg'y 27.3(9) P 33.3 (11) © 15.2 (5) 12142 | 12.1(4)2 15.2 (5)2 21.2 (7)2
P-Value 100.0 (33) 100.0 (33) 100.0 (33) 100.0 (33) 100.0 (33) 100.0 (33) 100.0
Total 0.032 0.001 0.004 0.05 0.19 0.77 0.056
= F(6, 224) = F(6, 224) = F(6, 224) = F (6, 224) = F1((2:722F,4)_: F (6, 2294) = F (6, 224) =
2.36, P =0.032 | 4.86, P =0.001 | 3.28,P=0.004 | 2.18, P =0.05 ' 0 ’19 ~ 10.55,P=0.77 | 2.09, P = 0.056
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Exploring the Talent Needs for Food Safety Professionals in Established Food Processing Companies in Trinidad 6

Table 1 demonstrates that most of the respondents (27.3%) strongly agree that students should
have knowledge and understanding of GMPs when seeking employment at their food companies.
The number of respondents who strongly agree on the importance of GMPs was significantly
higher than respondents who disagreed and slightly and moderately agreed (P = 0.032).

Knowledge and understanding of HACCP was another important requirement for food companies
as majority of the respondents (33.3%) strongly agreed that this skill was crucial for graduates
working in food processing companies. The percentage of respondents who strongly agreed on
the importance of this skill was significantly higher than respondents who disagreed (P = 0.001)
(see table 1).

Majority of the respondents (36.4%) moderately agreed that students should possess the
knowledge and understanding of SSOPS and SOPs. There were significant differences among
respondents who moderately agree and those who strongly (3%) and moderately disagree
(6.1%). There were no significant differences between the number of respondents for neutral,
slightly disagree, slightly agree, and strongly disagree (see table 1).

There were no significant differences in the number of respondents who stated that the ability of
UW!I graduates to maintain production equipment was necessary in food processing companies
(P = 0.05) (see table 1). The ability to test food at the end of processing for quality and safety
and the ability to undertake research were not important skill requirements for food processing
companies as there were no significant differences in the number of respondents who agreed,
disagreed and remained neutral (P = 0.19 and P = 0.77 respectively). Similar was observed for
the importance of knowledge and understanding of food safety laws at a national and international
level (see table 1).

The importance of technical Skills
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Figure 2: The importance of technical skills

Technical skills are necessary for UWI graduates working at food processing companies; 30.3%
of the respondents stated it was important, 39.4% stated that is was very important and 27.3%
stated it was the most important skill. This was significantly higher than the number of companies
who stated that technical skills were not important (0%), least important (0%), slightly important
(0%) and those who remained neutral (3%) (see figure 2). F (6, 224) = 9.89, P = 0.001

Soft skills

Farm & Busines: Volumel0, No. 1,August2018
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According to Hewitt in 2005, soft skills are as good an indicator of job performance as hard skills
and determine an employeeds st iaterragdtconflicamediator | eader
(Hewitt 2005).

In this study, the perception of employers on the importance of several soft skills (people,
teamwork, leadership and communication, were investigated. The most important non-technical
skills according to employers were teamwork (48.5%) which was followed by communication
(45.5%). Robinson in 2006 also found that employees working together and communication skills;
particularly listening attentively, were considered the most important skills required by supervisors
(Robinson 2006). In 2013, a survey carried out by Pritchard also indicated that teamwork and
communication skills were considered among the most important skills required by manufacturing
companies.

The Importance of Various Skills to Food Processing Companies
The Importance of People Skills

‘2 40 364
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Figure 3: The importance of people skills to food processing companies

Majority of the respondents determined that people skills were very important. This was
significantly higher than the number of respondents who stated that people skills was not
important, least important, slightly important and those who remained neutral (see figure 3). (P =
0.001)F (6, 224) =7.00, P = 0.001

The Importance of Teamwork Skills
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Figure 4: The importance of teamwork skills to food processing companies
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Most of respondents from the food companies determined that teamwork skill was one of the most
important (48.5%) skill graduates should possess. This was significantly higher when compared
to the number of respondents who stated that teamwork skill was not important, least important,
slightly important, important and those who remained neutral (see figure 4). F (6, 224) = 15. 95,
P =0.001.

In this study, the perception of employers on the importance of several soft skills were
investigated.

The importance of communication skills
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Figure 5: The importance of communication skills.
Communication skills was also crucial when working in food processing companies as 42.4% of
the respondents stated that it was very important and 45.5% stated that it was the most important
skill. This was significantly higher that the number of respondents who stated that communication
skills was not important (0%), least important (0%), slightly important (0%), important (9.1%) and
those who remained neutral (3.0%) (see figure 5). F (6, 224) = 15.63, P = 0.001

Most Important Skills

Table 2: The most important skills in food processing

Percentage of Respondents (%) Who

Skills stated Skills were Most Important
People 30.32
Teamwork 48.5°
Leadership 12.1%¢
Technical skills 27.3%
Communication 455P
P-Value 0.000
F F(13, 448) = 7.19, P = 0.000

Farm & Busines: Volumel0, No. 1,August2018
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Table 2 demonstrates the skills that were most desired in the food sector; this was based on the
number of respondents who perceived them to be the most important skills. The skills perceived
to be the most important were teamwork (48.5%) followed by communication (45.5%) then people
skills (30.3%). The percentage of employers who perceived these skills to be important was
significantly higher than those who believed that the participation in co-curricular activities, GPA,
foreign language and higher education was the most important skills (P = 0.001)(see table 2).

Table 3: Percentage of employers who strongly agreed on the various advantages of
having employees with adequate food skills

Percentage of

Advantages Respondents who Strongly
Agreed (%)
Employees taking initiatives 4552
Work carried out efficiently 60.6°
Confidence of managers of work done by employees 33.3%
Requires little or no supervision 33.32
Production of good quality goods 4852
Increase in overall production 33.32
Food safety management and food safety control skills 4242
Ability to develop and evaluate research and development for 27 3a
practical production '
F F(7, 256) = 1.63, P =0.13

Table 3 shows the percentage of respondents who strongly agreed on the advantages of

employees having the necessary food safety skills. More than half of the employers (60.6%)

stated that f#Awor k carr i d¢gedtadvantage ef erfiploying gradtiateyvwith wa s t h
the proper food skills; however, there was no significant difference when compared to the

percentage of respondents for the other advantages (see table 3).

Employers in every industry prefer employees with certain skills set that is related to the job task
at hand. These skills can benefit both employer and employees and contribute toward the
progression of the industry or company (National Network of Business and Industry Association,
2015).

Employees taking initiative demonstrates a willingness to work and seek out new work challenges
and it is a personal skill that employers prefer in their employees (National Network of Business
and I ndustry Association, 2015). Thhtionsof theieHardt e s t o
and soft skills to successfully complete a task (Targoutzidiset al 2014).

In this study it was determined that most of the respondents either strongly agree or moderately
agreed that the following were advantages of employees possessing the necessary food skills:
employees taking initiatives; work carried out efficiently; confidence of managers in the work
carried out by employees; requires little or no supervision; production of quality goods; increase
in overall production of company; and food safety management and control skills. The ability to
develop and evaluate research for production was the only advantage where most of the
respondents slightly agreed.

Farm & Busines: Volumel0, No. 1,August2018
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Table 4: Percentage of employers who strongly agreed on the various disadvantages of
having employees with inadequate food skills

Percentage of

Disadvantages Respondents who
Strongly Agreed (%)
Employees unable to perform task/s 30.32
Employees take long period to perform their designated task/s 2422
Poor quality work from employees 3642
Employees require constant assistance 21.2%
Employees are constantly making mistakes 24,22
Managers have to resign task/s to more capable employees 2422
Employees have to be retrained in the area of food production 2354
= F (6, 224) = 0.45,
P =0.85

Table 4 shows the percentage of respondents who strongly agree on the disadvantages of

empl oyees not having the necessary food safety sk

guality work from empl enesgsificant difevsewoesiirethe,perderitage e

of respondents among any of the disadvantages (P = 0.85) (see table 4).

Due to a lack of the necessary food skills, a skill gap can occur. A skill gap is a significant gap
bet ween an or ga nésarathe skilks@ seeds to peach itslgaalt(American Society
for Training & Development, 2012). This is a result of a lack of employees that possess the right
skills, knowledge and abilities and can result as a disadvantage for companies who experience
skill gap (American Society for Training & Development, 2012).

In this study it was demonstrated that most of the respondents agreed (slightly, moderately and
strongly) that the above listed were disadvantages. The most popular disadvantage was:

femploywpereoduced poor quality worko; this was
tasko. There were no significant differences

disadvantages.

These results can be used as an indication for lecturers and for students since these

wer

foll
amo

di sadvantages can be |linked to studentds current

have poor quality work and take long period to carry out a task or unable to perform a task, it
reflects on how the prospective employee would conduct themselves in a working environment.

Conclusion

This study takes an initial step towards understanding the skills that are lacking and required by
food processing companies. Data was collected from a total of thirty three companies throughout
Trinidad and was then analyzed for the: most important skill; advantages of having the adequate
skills set; disadvantages of not having the necessary skills; and skills that needed improvement.

It was observed that the areas necessary for food safety education are not only the technical skills
which directly relates to safety and quality but rather a combination of both hard and soft skills. It
can be concluded that all the skills were important and contributed to the company overall
achievement; however, some were rated higher than others. Soft skills such as teamwork,
communication and people skills were considered more important than technical food safety skills
(GAP, HACCP, SSOP, and GMPs) although there were no significant differences between them.

Farm & Busines: Volumel0, No. 1,August2018
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The results clearly indicated where educators should focus on within the food industry and
strengthen those areas that which are of greater benefit to these industries. This will allow food
industries to be better able to progress in food production, and create food that are safe and of
high quality.
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Abstract

Barbados food import bill has been rising steadily over the last 10 years by 20.4% and is expected

to continue to rise due to the volatility and increasing food prices of agricultural commodities on

the international market. This growing increase of 20.4% has highlighted the need for the country

to start producing more of the foods which can be grown locally which are currently being

i mported, to help reduce this growing trend. Wi t
being reduced annually, poor crop yields and low use of improved crop varieties, agricultural
producti on has been severely disadvantaged resul
drastically compromised. The government aware of the gravity of this situation has committed

itself to provide safe, adequate, nutritious and affordable food to its people and is relying upon

the Agriculture Sector to help in this effort. The Ministry of Agriculture has taken the initiative and

has focused its attention on the tomato sector embarking on an intensive research program to

select varieties amenable to the fresh and processing market. Two varietal trials were conducted

during the period February T May and July T November 2015 at Graeme Hall, Christ Church

(south of the island) and Sweet Vale, St. George (central) to evaluate the performance and quality

of three new imported plum varieties of tomatoes against two locally established varieties of

tomatoes. The research showed that the imported plum varieties gave lower production

compared to the other two locally established varieties but were the preferred choice among

consumers based on firmness, size, fleshiness and taste. However, total yields of the imported

plum varieties at Graeme Hall were significantly higher at the 1% S.L. when compared to their

yield at St. George where significance was at the 5% S.L.

Keywords: Trials, Varieties, Agro-Processing

Introduction

In defining, Food Security at the global level, the Food and Agriculture Organization (FAO, 2001

stated that food securityis Awhen al | peopl e, a tsocia hnld economie s |, hav
access to sufficient, safe and nutritious food that meets their dietary needs and food preferences
for an active and healthy | i f e Bdrbadot$andii©®CARICOMTr 2013,
Member States used these concepts in establishing a Regional Food and Nutrition Security
Policy. This policy is fito ensure that the re
marketing, trade and food safety and agricultural public health system is capable of providing
saf e, adequat e, nutritious and affordabl e food f «

achieving food and nutrition securityo.
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Barbados, a small country with limited resources cannot produce sufficient food to
adequately support consumption for its people; due to the many factors that affect production
performance at all stages of the production chain (Government of Barbados and the Food and
Agriculture Organization of the United Nations, 2013) Most notably are those associated with
resources, production, agricultural labour and high input cost. In Barbados, the major food
security challenges are poor crop yields as a result of low use of improved crop varieties and
inputs as well as minimal application of good agricultural practices. (Ministry of Agriculture
Barbados, Medium-term Strategy for the Agricultural Sector 2008-2013).

This has been compounded by climate variability which is changing the weather patterns
and therefore making cropping cycles unpredictable. Supply chain management is yet another
challenge, leading to high post-harvest losses and the inability of agro-industries to grow. (Ministry
of Agriculture Barbados Medium-term Strategy for the Agricultural Sector 2008-2013). With the
c o unt r ydig ngturabrdsource (land) being steadily reduced annually from an estimated
40,000 acres in the 19806s to 28,000 acres
producti on, has been severely aff ectritgd& bang
progressively hampered. Consequently, t he
supported in part by other countries, which has resulted in a high import food bill seen at figure 1.
(Agriculture Planning Unit, Barbados 2016). This is exacerbated by limitation to agricultural land
some of which are used for non-agricultural purposes.

Food Import Bill
20082016
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Fig. 1 Food Import Bill for the period 2008-2016
(Agriculture Planning Unit, Barbados, 2016)

Due to Barbadosdé heavy de p eonrdrghasbeen assignédrne status
of a Net Food I mporting Devel oping Country.
rising every year. For the period 2007-2016, the food import bill moved from 522.3 M Bds $ to
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656.1 M Bds $ giving an increase of 20.4% for the 10 year period. This steady increase over the
ten years period has highlighted that the country needs to increase production of local agricultural
products and reduce the importation of foods which can be produced locally.

Barbados National Agricultural Policy (2011) analysis of food imports as a percentage of
total imports indicated that in 2000 the percentage moved from 15.02% (347.2M Bds $- food
import) to 24.92% (653.8M Bds$ food import) in 2011 revealing a dramatic rise in food imports.
However, in 2009 the food import bill dropped to 530.3M Bds. $ and continued to rise the following
year. In 2016, the country faced a food import bill of 656.1M Bds $, with tomato and tomato
products accounting for 1.1% of overall imports. Of this figure fresh tomatoes totalled 295,334
kgs valuing 1,062,270 Bds $ with tomato products (ketchup, paste, dried, canned) having a worth
of just over 6 M Bds $ as indicated at figure 2. These huge figures reflect the importance of this
vegetable to the island with wide consumption in both the tourism sector and with local inhabitants
alike. The Agricultural Planning Unit of the Ministry in 2016 ranked tomato eighth among the
vegetable crops base on acreage cultivated (49.5 acres); which consist of 3.48 % of the total
vegetable area in the country.

Import Value of Tomatoes 2002016
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® Fresh Tomatoes ® Tomato Products

Fig. 2 Import Value of Tomatoes for the period 2007-2016 (fresh & processed)
(Agriculture Planning Unit, Barbados, 2016)

Figure 2 also illustrates the impact of imported processed tomato products which the country
consumes (Agriculture Planning Unit, Barbados, 2016). Imports of these items accounts for over
90% of the total tomato imports. Barbados has the capability to dramatically reduce this situation
by investing in downstream industries and value added goods. The country produces a significant
amount of fresh tomatoes as seen in Figures 3 and 4. Of the total fresh tomatoes consumed on
the island at least 70% is produced locally with importation making up the deficit. Production fell
in 2016 and this is probably due to decrease acreage under production. For the previous year
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2015 tomato was ranked second among the vegetable crops with a cultivable acreage of 107.8
acres compared to 49.5 acres in 2016 a decline of 54.1%.(Agriculture Planning Unit, Barbados,

2016)

Local Production and Consumption of

Tomatoes
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Fig. 3 Local Production of Tomatoes (2008-2016)
(Agriculture Planning Unit, Barbados 2016)
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Fig. 4 Percentage of local Production for tomatoes 2008-2016

(Agriculture Planning Unit, 2016)
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Background to the Trials

Tomato is considered a vegetable for culinary purposes. As a result, it is incorporated in most
dishes based on its acceptable flavour and nutritive value (Abbadi S. Y. A 2010, 361-364). Itisa
good source of Vitamin A, C and E as well as minerals for protecting the body from diseases
(Taylor 1987 cited by Olaniyi J.O. et al 2010, 398-402).

Tomato in Barbados is grown throughout the year mainly in an open field system during the early
months of the year (January - June) when there is plenty of sunshine. Production is high (8-12
tons/acre) resulting in gluts in the local market, however, during the rainy season which is the
latter half of the year farmers production is low (1- 4 tons/acre) Ministry of Agriculture, Tomato
Crop Recommendation #3, 2012). This is due to poor fruit set due to fluctuating temperatures
(hot days and cool nights) as well as high humidity, which can lead to poor flower development,
flower drop and aborted fruits. Additionally, the crop becomes susceptible to pest and diseases
as well as a number of physiological conditions cracking of the fruits and blossom-end rot (Ozores-
Hampton and M° Avoy 2012). These challenges lead to increased unmarketable yield thus
considerably reducing production. Although Barbados experiences low production during the
rainy season its production is still comparable to the other regional countries as seen at figure 5.
The data indicate production for the ten year period 2005-2014 and showed that the country was
not only the highest producer regionally but was consistent in producing over seven tons/acre
compared to the rest of the region whose production was much lower.

Regional Production of Tomatoes
20052014
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Fig. 5 Regional Production of Tomatoes 2005-2014 (FAOSTAT, 2017)

Managed well tomato production can surpass the expected 8-12 tons per acre in the dry season
as well as the wet season yield of 1-4 tons per acre.
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Objectives

The objective of these preliminary studies is to evaluate the agronomic performance of three
imported plum tomato varieties under local weather conditions against two locally established
varieties.

With the specific objectives being to (i) select and recommend varieties to farmers that can
withstand the wet conditions (i) meet the market acceptance criteria of the consumer and by
extension the hotel sector. The criteria took into consider at i on t he produc
guality) and market price as well as the potential contribution to the value added market.

The production cost of the selected variety/varieties would also influence the overall selection all
contributing to food production and food security.

Methodology
Tomato Varietal trials

Two tomato varietal trials were conducted during the dry season (February i May, 2015) and the
wet season (August T November, 2015). The experiments were conducted at two different
locations on the island. The first at Graeme Hall, Christ Church (south of the island) and the
other at Sweet Vale, St George (Central). The topography at both sites was slightly sloping with
differences in soil type. In the south, the soil was classified as Type 111 (Vernon and Carroll
1966) with a moderate steep to gentle slope, which can lead to excess water in the soil resulting
in poor natural drainage. At Sweet Vale, the field was sited in a valley with the dominant slope
range 2° - 4° slope. Soils developed from clay deposits resulting poorly drained sub-soil.

Due to the sloping nature of the land and having no knowledge of fertility trends in both locations
a Latin Square Design was used.

At both tomato trials the same Latin square design was used except at St. George where five
varieties (three imported plum varieties Toliman F1, Tointer F1 and Tocayo F1 and the two locally
established varieties HA 3019 and FA 38) were planted compared to four varieties at Graeme
Hall where the imported variety Toliman F1 was lost in the seedling stage in the nursery and was
therefore eliminated from the Graeme Hall trial.

As a result at Graeme Hall there were four replications compared to St. George which had five
replications. Each plot was planted with 14 plants with the inner 10 being monitored for data
collection.

Treatments

During land preparation an N.P.K. fertilizer (12-12-17-2) was used as a basal dressing at a rate
of 2 bags x 50 kg/acre.

Three weeks after transplanting ammonium sulphate was incorporated using band placement at
a rate of 1 bag x 50 kg/acre.

At first fruit set an application of the fertilizer 20-0-18 was used at a rate of 1 bag x 50kg /acre
following this, plants were fertigated every two weeks using potassium nitrate 25kg/week until
final harvest.
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Planting Material:

Seeds were obtained from Bejo Seeds Inc.in Guatemala. All seedlings were produced for the trial
by the field staff of the Ministry of Agriculture, Graeme Hall, Christ Church, Barbados.

Transplanting:

Seedlings were transplanted at 18 ins. apart with approximately 14 plants per bed with each plot
size 21ft x 5.6ft.

Crop Management

Manual weed control was carried out when needed. Plants were trellised due to their
indeterminate nature to avoid rain/water splash as well as keeping the plants more upright thereby
protecting the fruits.

Crop management included spraying with Doss, Pirate and Newmectin for leaf miner attack as
well as Heliothus spp. Calcium Nitrate was used for Blossom End Rot.

Data Collection

Data was gathered with respect to fruit description: Fruit weight, Length of fruit, shape, colour and
thickness of flesh.

Data was also collected with respect to production. Harvest started at eight weeks after
transplanting and continued weekly for the next six consecutive weeks. All plots were harvested
individually. Both marketable and unmarketable fruits were picked, individually weighed and
recorded. However, to arrive at a potential weight per plot both weights (marketable and
unmarketable) were totalled plus 15% of this total weight was added to give the final weight per
plot. The 15% took into consideration field losses i fruits that fell to the ground as well as damaged
and immature fruits. Production data for marketable and unmarketable yield were taken from all
10 plants.

Data Analysis

Data were analysed using Genstat 64-bit Release 18.2 (PC/Windows 7) with the assistance of
Dr. Francis Lopez, UWI, Cavehill and Microsoft Excel 2013.

Evaluation of the Quality Components

In assessing the quality components of the tomatoes, five varietal characteristics were
evaluated with respect to the three varieties of the imported plum tomatoes i average length of
fruit, average thickness of the mesocarp (flesh), average weight of fruit, general shape and
colour. To measure these parameters with a high level precision twelve fruits per variety were
used and the same twelve fruits were also used to gather the qualitative data. A digital calliper
was used to measure the length and thickness of the fruits and a digital scale was used to
weigh each fruit. These activities were done in an enclosed room due to the sensitivity of the
scale. Data was recorded and averages taken.
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Fruit colour was defined by the use of the United States Department of Agriculture (USDA)
Visual Aid T.M. i 1(1975) Colour Classification Requirements in Tomatoes, which indicates that
when more than 90% of the fruit surface is red the fruit is ripe.

The elongated shape of the fruit was determined using the chart Tomato Fruit Shape Categories
adapted from the IPGRI/Biodiversity Protocol 1996 cited by Saccol et al. 2015.

Results:

Comparison of Production Data
Table 1. Production Data - Graeme Hall (Feb i June 2015)

Variety Prod'n (Ibs) No. of plants Ave./plt (Ibs)
Tointer F1 387 39 10
Tocayo F1 293.75 39 7.5
FA 38 464 33 14
HA 3019 450.5 38 12

S.E. 4.49

S.L.15.52

Table 2. Production Data - Sweet Vale, St. George (July T Nov. 2015)

Variety Prod'n (Ibs) No. of plants Ave. /plt (Ibs)
Tointer F1 400.2 46 8.7
Tocayo F1 324 45 7.2
FA 38 627.2 49 12.8
HA 3019 540.5 47 11.5
Toliman F1 409.4 46 8.9

S.E. 3.36

S.L.10.35

The data displayed in Tables 1 and 2 shows the yield for each variety in terms of total weight and
average weight per plant. In both trials FA 38 and HA 3019 varieties performed better, which was
significantly higher when (production: greater than 10 Ibs per plant) compared to the performance
of the plum varieties which produced less than 10 Ibs per plant.
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The imported plum varieties are indeterminate which would suggest that production can be
increased with improved management to extend the harvesting period.

Table 3. Varietal Characteristics of the Plum Varieties of Tomatoes
Characteristics Tointer F1 Tocayo F1 Toliman F1
Ave. Length (ins) 2.71 3.05 3.6
Thickness (ins) 0.27 0.33 0.29
Ave. Wt of fruit (0zs) 3 3 3
Shape Oval Oval Oval
Colour Red Red Red

Table 3 compares the varietal features of the three imported varieties of tomatoes giving the
average length and thickness of each variety. This data was not statistically analysed but
calculated manually. By observation Toliman F1 appears to be the longest of the three with a
length of 3.6 inches whereas the length of the other two varieties were 2.71 inches (Tointer F1)
and (Tocayo F1) 3.05 inches. Tocayo F1 gave the thickest mesocarp of 0.33 inches, indicating
that it is the fleshiest of the three varieties, making it more suitable for the processing market when
compared to Toliman F1 and Tointer F, whose thickness of 0.29 and 0.27 inches respectively
were slightly lower. The table also shows that all the variety gave an average weight of three
ounces per fruit with all fruits elongated in shape and red in colour when ripen.

Quantitative Analysis

Table 4. Analysis of Variance (ANOVA) Comparison
GRAEME HALL ST. GEORGE
F-Stat 18.70 3.42
F-pr .002 .044

Significant: there is strong | Significant: there are
evidence to suggest that the| differences in production
are differences in yielding | among the varieties.
ability among the varieties
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The ANOVA comparison at table 4 shows significance for both trials at Graeme Hall and St.
George. At Graeme Hall significance was high at the 1% SL which indicated that there was strong
evidence to suggest that there were differences in yielding ability among the varieties. St. George
trial showed significance at the 5% SL which also indicated that there were differences in
production among the varieties.

Comparison of the Means

The ANOVA (Analysis of Variance) test showing significance means that at least one of the group
tested different from the other groups. However, the ANOVA test does not tell which group differs.
Therefore the Fi s h e r 6 ed LD test veas used to compare the means which can only be
used if the null hypothesis is rejected. The results of the test can be seen in Figures. 6 and 7
beneath.

The trial at Graeme Hall as seen in Fig. 6 shows no significant difference between varieties
HA 3019 and FA 38, nevertheless, there are differences between the plum varieties Tocayo F1
and Tointer F1. However, the St. George trial shown in Fig. 7 indicates there are no significant
differences in mean among the plum varieties Tointer F1, Tocayo F1 and Toliman F1 and further
displays that the varieties FA 38 and HA 3019 have no significant difference in the mean between
them.

Tocayo Tointer HA 3019 FA 38
Mean 73.44 96.77 112.64 115.92

VARIETY

Fig. 6 Comparison of Means of Yield of Tomatoes by Varieties (Graeme Hall Trial)
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Comparison of Means (St. George Trjal)
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Tocayo HA 3019 Tointer FA 38 Toliman
Mean value 60.56 65.86 65.9 68.08 77.54

VARIETY

Fig. 7 Comparison of Mean of Tomatoes by Varieties (St. George Trial)

Discussion

Having earned the status of being a Net Food Importing Developing Country and with a rising
food import bill Barbados has become quite aware of its position to ensure that the country can
provide safe, adequate, nutritious and affordable food to its citizenry at all times (Government of
Barbados and the Food and Agriculture Organization of the United Nations 2013). As a result, the
country has joined with the other Caribbean Community (CARICOM) Member States to establish
a Regional Food and Nutrition Security Policy in October 2010. Committing to this policy the
country has started looking within to reduce their dependence on external food imports and look
to import substitution. The Agriculture Sector through the Ministry of Agriculture has taken up this
challenge and with one of the Ministryds agricult
production and productivity to improve food security thereby ensuring not only a reliable food
supply but also to increase farmers income.

As a result, one of the sector the Ministry has focused attention on is the tomato sector.
Considering the huge imports of the fresh produce (tomatoes) as well as its processed products,
the Ministry has taken the initiative to further develop the sector by undertaking varietal trials with
the objective of selecting varieties for the fresh and processed market. The outcome is to improve
the sector by producing tomatoes at a sufficiently high level at a low cost and at the same time
maintaining high quality. This will enable the sector to build strong market linkages regionally as
well as to develop downstream enterprises, which will enable the domestic market to be
competitive with the imported tomato and tomato products.

The two preliminary varietal trials looked at the performance of the plum varieties of tomato
under local conditions with an eye towards developing the processing market. Fresh market
varieties FA 38 and HA 3019 were already established locally and were used in the trials for
comparative purposes. The initial results showed that the plum varieties although lower in
production when compared to the established varieties have more potential in the processing
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market. Their general characteristics make them more amenable to processing due to their
thicker flesh giving a more solid content, their oval shape, as well as fewer locules (less seed).
The data also show statistically that among the plum varieties there was no significant difference
in yield when the means were compared.

Government 6s commit ment to the tomato sector i

undertaken which will be reported at a later date. This drive to revitalize the tomato downstream
industry is a result of the governmentos st
and nutrition security is food availability. The Policy statement to this effect states that Barbados
will provide an enabling environment to support domestic production, processing and marketing
for selected foods for which there are capabilities, comparative advantages and new opportunities
for the population (Government of Barbados and the Food and Agriculture Organization of the
United Nations 2013). One of the objectives coming from this statement is to increase food
availability at an affordable cost to the consumers through increase production and agro-
processing with a target of 30% increase in the quantity of domestic commodities. Another
indicator include a 15% increase in agro-industries establishment to strengthen the value chain
and forge inter-sectoral linkages and in so doing to reduce the food import bill.

The focus on value additions and large scale processing will not only have a significant
impact in the sector but can be used as a model to help develop the other agricultural sectors.
Additionally, the government has introduced a number of investment strategies to carry the sector
forward and to attract investors through its incentive scheme program (Ministry of Agriculture,
Food, Fisheries and Water Resource Management 2015) which allows for duty free access for
the purchase of agricultural equipment and the rebate incentive of agricultural purchases and
investments. The development of the value chain industry will be an incentive for more job
creation and an encouragement for more youths to gravitate to the entrepreneurial arm of the
sector. This was quite evident when the Ministry in October, 2016 hosted a Product Development
Workshop for Tomatoes for stakeholders involved in the production, processing and marketing of
tomatoes, which gained national attention. The aim of the workshop was to encourage young
entrepreneurs to create new products, learn how to develop markets for their products and in the
process acquire the skills of establishing their own business. The workshop was well attended
by a cross section of individuals ranging from processors, farmers, suppliers, students and chefs
to even product development officers.

Conclusion

In conclusion the imported plum varieties of tomatoes although lower in production have a greater
advantage in the processing market than the established local varieties due to their thicker
mesocarp, elongated shape and fewer locules (less seeds).

Based on these preliminary findings the Ministry of Agriculture has embarked on the path
of researching aspects of the tomato sector by undertaking research work in the sector not only
for the benefit of the farmers but by extension the Barbadian populace. In so doing the Ministry
will be able to introduce new and more productive tomato varieties which with the adoption of
good agriculture practices and best management will be able to surpass the current production
potential in the country. With greater production and consistency in supply stakeholders
(processors and marketers) can look to further expand and create new sustainable downstream
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industries with a view to reducing the food import bill thereby taking the country to a more food
secure level.
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Abstract

Ready-to-eat salads are becoming increasingly popular as they combine the healthy
characteristics of fruits and vegetables with that of a short preparation time. This study seeks to
determine the microbial quality of ready-to-eat salads that are sold in food establishments in
Trinidad.

A total of 56 samples were collected from two supermarkets and two shopping malls and were
analyzed using culture procedures. The total number of aerobic mesophilic bacteria and
Escherichia coli colonies were determined for each salad sample. Samples were also tested for
Salmonella spp.

The average number of aerobic bacteria was 6.3+1.1 logCFUg-1 with a range of 4.3 to 7.5
logCFUg-1. The level of aerobic bacteria in the salad samples was dependent on the food
establishment from which it was purchased and varied significantly across food establishments
(P<0.001). The shopping malls had higher levels of aerobic bacteria than supermarkets
(P<0.001). E. coli was found in 100% of the salad samples analyzed and the level present varied
significantly among food establishments (P<0.05). The average E. coli colony count was 3.7+£0.7
logCFUg-1 ranging from 2.7 to 5.0 logCFUg-1. Salmonella spp. was detected in 67.86% of the
samples analyzed. The number of salad samples contaminated with Salmonella varied
significantly during the two periods of testing, week 1 and week 2 (P<0.05).

In this study, the researcher only sampled ready-to-eat salads from four of the many food
establishments in Trinidad. Due to the high number of: aerobic bacteria and E.coli colonies, and
samples contaminated with Salmonella found in the samples analyzed, it was recommended to
increase the sample size in order to provide a general overview of the quality of ready-to-eat
salads sold in Trinidad.

Keywords: Ready-To-Eat (RTE) Salads, Microbial Quality, Aerobic Mesophilic Bacteria,
Escherichia Coli, Salmonella spp.

Introduction

Food security has often been perceived as having enough food; and important elements, such as
food safety and nutrition security were frequently overlooked (Eggersdorfer et al. 2016, 313).
Today, food safety is receiving increasing recognition as an important link between food and
health and is addressed simultaneously with other essential components to achieve and improve
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food security (Unnevehr 2003). In addition, the globalization of food trade has amplified the
chances that food produced in a particular location can affect the health of people living in another
country (Tritscher et al. 2013). Food safety has become a joint concern for countries worldwide;
Trinidad and Tobago included.

To increase food production and food security, the Government of Trinidad and Tobago is focused
on the major challenges to the agricultural sector. One of these challenges include: the limited
capacity among enterprises, both small and medium, in meeting internationally accepted
standards relating to sanitary and phytosanitary measures and food safety (IICA 2011). This issue
was proposed to be mediated by promoting and enabling the development of a more strengthened
and integrated agricultural health and food safety system and by strengthening programs for
improving quality, grades and standards in the areas of agricultural health and food safety (IICA
2011).

Global and national initiatives and promotions aiming to improve food nutrition security
have encouraged people to increase their consumption of fruits and vegetables (Sapers, Gorny
and Yousef 2006, 04). Consumption of low amounts of fruits and vegetables is one of the top ten
selected factor for global mortality and therefore emphasis is placed on increasing the awareness
and understanding on the importance of fruits and vegetables intake in an effort to prevent non-
communicable diseases (WHO 2003). Due to the scientifically confirmed benefits of fruits and
vegetables, the public has become more health conscious over the years (Sapers, Gorny and
Yousef 2006, 04). However, outbreaks of foodborne diseases associated with the consumption
of raw fruits and vegetables frequently occur in developing countries but have become numerous
in developed countries (Beuchat 1998).

The occurrence of foodborne diseases may be influenced by: irrigation and other
agronomic practices undertaken during production; the hygienic practices involved in handling
fruits and vegetables; international travel and globalization of the supply and distribution of raw
fruits and vegetables; the introduction of pathogens in new geographic areas; changes in the
virulence and environmental resistance of the pathogens; decrease in the immunity of the
population and; changes in the eating habits of the population (Beuchat 1998).

Foodborne diseases i also known as foodborne illness or food poisoning i are the
consequence of foodstuff contaminated with microorganisms or chemicals which can occur at any
stage in the food chain: from food production to consumption. According to the Center for
Foodborne lliness, Research and Prevention (CFl), there are more than 250 foodborne diseases
that can be caused by bacteria, virus, parasites, harmful toxins or chemicals (CFl 2013).
Foodborne diseases comprise of a wide range of illnesses and are responsible for high levels of
morbidity and mortality worldwide especially the population at risk such as infants, young children,
the elderly and the immuno-compromised (WHO 2014). The CFI estimated that globally, two
billion people suffered from diarrheal disease each year, with many of these illnesses caused by
contaminated food and/or water (CFl 2013). Foodborne diseases not only affects poor or
developing countries; in the United States, it is estimated that 48 million persons or 1 in every 6
Americans gets sick, 128, 000 are hospitalized and 3000 die of foodborne diseases (CDC 2011).

Saperset al in 2006 stated that while the probability of being sickened by a foodborne
illness via consumption of fresh fruits or vegetables is low; however, the probability still exists as
these produce are most often eaten uncooked and contaminated produce cannot be completely
disinfected by washing or rinsing the product in an aqueous solution (Saperset al 2006, 5). The
Alliance for Food and Farming after analyzing the CDC United States databases during the period
of 1990 to 2007, found that approximately 12.3% of all foodborne outbreaks were associated with
produce and from that 10% were related with improper handling after leaving the farm and 2.2%
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were associated with growing, packing, shipping or processing of the produce (Alliance for Food
and Farming 2010). Most of the outbreaks (65% of outbreaks) associated with produce
contaminated after leaving the farm was attributed to mishandling at the food service level and
this was followed by mishandling at community events (14% of outbreaks) and mishandling in the
home (13 % of outbreaks) (Alliance for Food and Farming 2010). Bacteria such as Clostridium
botulinum, Bacillus cereus and Listeria monocytogenes are normal dwellers of many soil while
Salmonella, Escherichia coli, Shigella and Campylobacter inhabits the intestinal tract of animals
and are considered more likely to contaminate raw produce through contact with faeces, sewage,
untreated/contaminated irrigation or surface water (Beuchat 1998).

This project aims to determine the microbial quality of ready-to-eat salads that are sold in
food establishments in Trinidad. Ready-to-eat (RTE) foods are food and food products that have
underwent some kind of processing and can be consumed without undergoing any further
bacterial treatment such as heating. Salads are considered as a RTE food and are mixtures of
minimally processed vegetables and/or fruits (raw vegetables / fruits which have been washed,
peeled, sliced, chopped or shredded) with or without dressing. Due to their convenience value,
RTE foods have become increasingly popular among consumers today (Jaroniet al. 2010).
However, since these foods are minimally processed or are consumed raw, the microbial risks
have also increased (Jaroni et al 2010). The four major bacterial pathogens associated with RTE
foods are Salmonella spp, Escherichia coli, Listeria monocytogenes and Clostridium perfringens
(Jaroni et al 2010). This study targeted two foodborne pathogens: Salmonella and E. coli, which
are becoming increasingly popular, especially in fresh produce.

Materials and Methods

Sample Collection

Using the purposive sapling method, four (4) large-scale food establishments were selected for
this study. Fourteen (14) ready-to-eat fruit and vegetable salads were collected from the four (4)
food establishments in Trinidad during the period of August to September, 2014. Samples were
collected from two supermarkets located in: Port of Spain and St. Augustine; and from restaurants
in two shopping malls located in: Port of Spain and the Churchill Roosevelt Highway. Seven (7)
samples were collected per week from each food outlet and the remaining seven samples were
collected after one (1) consecutive week. Samples were collected during 11:00 hrs to 12:00 hrs.
During collection, salads samples were placed in sterile, labeled sample bags and then
transported to the laboratory for microbial analysis in a sterile, insulated cooler with ice. The salad
samples were then tested for the presence of aerobic bacteria, Escherichia coli and Salmonella

sp.

Aerobic Colony Count

The aerobic colony count was used as an indicator of the quality of the food rather than safety. It
indicates the number of bacteria in the RTE salads that can grow in the presence of oxygen at
mesophilic temperatures. Since there was no available guideline to determine the microbial
quality of RTE salads in terms of the number of bacteria present, one was established by the
researcher. The researcher classified the number of bacteria present according to high, medium
and low (Table 1).
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Table 1: Guidelines for the Microbial Quality of ready-to-eat salads 1 Aerobic Bacteria
Microbiological Quality (CFU per ml)
Low Medium High

<10* 10* to <10° O 40

Food Category Criterion

Ready-to-eat Salad Aerobic Colony
(fruits and Vegetables) Count

Testing for E. coli

Ten grams (10g) of each sample was homogenized in a stomacher with Buffer Peptone Water
(BPW).Decimal dilutions were prepared (10! to 10°). Each dilution was used to inoculate the
MacConkey (MC) agar using the spread plate method. Plates were incubated at 37°C for 24
hours. After incubation, the plates were examined for suspicious colonies of E. coli. Colonies
appearing pink to red in colour with bile salt precipitate surrounding them on the MacConkey
plates were confirmed using biochemical tests: indole test, Voges-Proskauer (VP) Test and
Methyl Red test, Simmon Citrate test and the triple sugar iron agar test.

Testing for Salmonella spp.

Ten grams (10g) of sample was homogenized in a stomacher with Buffer Peptone Water (BPW).
The mixture was then incubated at 35°C+2°C for 24+2.0 hours. 1 ml of the mixture was transferred
to 10 ml tetrathionate Broth (TT) which was then incubated for 24+2 hours at 35°C. After
incubation, a 3 mm loopful of the inoculated TT broth was streaked on the Brilliant Green agar
(BG) agar and the Xylose Lysine Desoxycholate (XLD) agar. The plates were incubated for 48+2
hours at 35°C. After incubation, the plates were examined for the presence of suspicious
Salmonella colonies. On the XLD agar: colonies appearing pink with or without black centers or
colonies with large, glossy, black centers or almost completely black colonies were tested for
Salmonella. On the BG agar: colonies appearing from red to pink-white surrounded by a
brilliant/intense red zone were also tested for Salmonella. Suspicious colonies found on the BG
agar and the XLD agar were confirmed using biochemical tests: triple sugar iron agar test, urease
test, Lysine decarboxylase (LDC) test and the Indole Test.

Microbial Examination

Microbial results for the level of Escherichia coli and Salmonella were compared to the PHLS
(Public Health Laboratory Service) guidelines for the microbial quality of ready-to-eat foods
sampled at the point of sale (Table 2). Satisfactory results indicate good microbial quality;
acceptable results are indices reflecting a marginal limit of microbial quality; and unsatisfactory
results suggests that more sampling should be done and it warrants the inspection of the food
production practices by health officers (PHLS 2000). Unacceptable results suggest that urgent
attention is needed to identify the source of the problem and a risk assessment is advised (PHLS
2000).
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Table 2: Guidelines for the Microbial Quality of ready-to-eat salads (PHLS 2002)

Microbiological Quality (CFU per gram)

Food Criterion Unacceptabl

Category Satisfactory Acceptable Unsatisfactory e / Potentially
Hazardous

Ready-to-eat  Escherichia <50 20t0<100 ©100 N/A

(fruits and Salmonella not detected detected in

Vegetables) spp. in 25g 259

N/A T not applicable

Statistical Analysis

All statistical analyses, including the means, standard deviation, medians, and graphs were
conducted using the SPSS Statistics Base 16.0 program. One-way analysis of variance tests
were performed to detect the statistical differences (P <0.05) of the microbial levels among food
establishments. The Tukey HSD test was used to perform multiple comparisons (P<0.05). The
independent t-test was used to determine the significant differences in the microbial level of RTE
salads collected from supermarkets and shopping malls. This test (independent t-test) was also
used to compare the average microorganisms found in salads samples collected in week 1 and
week 2. The Chi-square test was used to determine if the microbial quality of the salads were
dependent on the food establishment from which they were purchased. Significance was
measured at the 0.05 probability.

Results and Discussion

A total of 56 ready-to-eat (RTE) salad samples were collected during the year 2014. Salad
samples were obtained from two supermarkets and two shopping malls in Trinidad. Each food
store/outlet was sampled twice. The RTE salad samples were mixed, consisting of both fruits and
vegetables such as: carrots, cucumbers, lettuce, tomatoes, and cabbages. The salad samples
were analyzed for their microbial quality using culture techniques and confirmed using
biochemical tests at the University of the West Indies Microbiology Laboratory.

Microbial Quality of Samples from the four Food Establishments

Table 3: The average aerobic andk. coli colonies in salad samples and the average number
of samples contaminated withSalmonellafor each food establishment.
Mean Aerobic Mean No. oE. coli Mean No. of Sample:

Food Sore ColonyCount (log colonies (log Contaminated witk
CFUg?) CFUg?) Salmonella spp

Supermarket A 5.3x1.F 3.710.6 0.5+0.5%

Supermarket B 5.9+0.8 3.910.9 0.8+0.4

Shopping Mall C 6.9+0.% 3.2+0.6 0.6+0.3

Shopping Md D 7.2+0.4 4.0+0.4° 0.8+0.4

Total 6.3+1.1 3.7+0.7 0.7+0.5

P-value 0.001 0.008 0.322
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Escherichia coli isolates were observed in 100% (56) of the salad samples surveyed, and the
number of colonies found in samples for the various food establishments differ significantly from
each other, P = 0.008 (Table 3). All samples (56) recorded microorganism levels above 4.0 log
CFUg-1 with samples from the two shopping malls recording significantly higher number of
colonies than samples from the supermarkets, P =0.001 (Table 3). On the other hand, there were
no significant differences in the average number of samples contaminated with Salmonella spp.,
P =0.322 (Table 3).

Aerobic Bacteria

The aerobic colony count (AAC) is also known as the total viable count or the standard plate count
and it is an indicator of the quality, not the safety of the salads; thus does not contribute towards
a safety assessment (Health Protection Agency 2009). However, the AAC can be used to provide
information on the remaining shelf-life of the food product and can emphasize potential handling
and storage problems (Health Protection Agency 2009).

OLow
® Medium
O High

Figure 1: Microbial Quality of RTE Salads i Aerobic Bacteria

In this experiment, the aerobic colony count is used as an indicator of the sanitation processes
involved in the preparation of the food product (RTE salads). A high aerobic colony count may be
an indication that the product may have been prepared un-hygienically or stored inappropriately
(New South Wales Food Authority 2009). A low aerobic colony count indicated that there may be
no sanitation problems; however, it is not a guarantee that the sample is free of pathogens (New
South Wales Food Authority 2009). In this study, the number of aerobic bacteria found in the
RTE salads was placed into 3 categories: high, medium and low. 19.6% (11) samples had low
levels of aerobic bacteria, 41.1% (23) had medium level of bacteria and 39.3% (22) recorded high
levels of aerobic bacteria (Figure 1).

Escherichia coli and Salmonella spp.

Escherichia coli is an indicator organism which confirms the presence of faecal contamination
(Ashbolt et al 2001). Food tested positive for E. coli can be contaminated by many factors such
as: natural contamination, actual growth in the food product, personnel contamination and poor
sanitation practices (Hayes 1992, 196).

Salmonella spp. belongs to the family of Enterobacteriaceae and can be commonly found in the
intestinal tract of animals (New South Wales Authority 2009). These enteric bacteria are most
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often associated with raw foods of animal origin; however it can be found in a wide range of food
and food products (New South Wales Authority 2009). The presence of Salmonella spp. in ready-
to-eat salads can be due to: poor handling practices and cross contamination (New South Wales
Authority 2009).

To determine the microbial quality, the number of E. coli colonies found in the RTE salads
from the 4 food establishments was placed into 3 categories (according to the PHLS guidelines):
satisfactory, acceptable and unsatisfactory. Microbial quality for Salmonella spp. was placed into
2 categories: satisfactory and unacceptable / potentially hazardous (according to the PHLS
guidelines).

It was observed that all, 100%, RTE salad samples had an unsatisfactory level of E. coli
present (Table 4). On the other hand, 32.1% (18) of the samples were free of Salmonella spp.
and were classified as satisfactory while 67.9% (38) samples tested positive for Salmonella and
were therefore placed in the unacceptable / potentially hazardous category (Table 4).

Table 4: Frequency of Microbial Quality 1 E. coli and Salmonella spp.

Microbial Quality % of RTE salads % of RTE salads

contaminated with E. contaminated with
coli (n=56) Salmonella spp. (n=56)

Satisfactory 0.0 (0) 32.1 (18)

Acceptable 0.0 (0) N/A

Unsatisfactory 100.0 (56) N/A

Unacceptable / Potentially Hazardous N/A 67.9 (38)

Total 100.0 (56) 100.0 (56)

N/A means not applicable.
Dependence of Microbial Quality on Food Establishments

Escherichia coli

The level of E. coli contamination for the four food establishment was unsatisfactory, as 100% of
the RTE salad samples from each food store/outlet had exceeded 2.0 logCFGg-1. Therefore,
the dependence of E.coli contamination on food establishment was undetermined.

Salmonella spp.

Based on the results (Table 5), it can be observed that the microbial quality of the salad
samples in terms of Salmonella presence, is not dependent on the food establishment from
which it was obtained, 2 (3, N=56) = 3.60, p=0.31.
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Table 5: The Microbial Quality of Each Food Establishment i Salmonella spp.

_ % of RTE Salads that % of RTE Salads that were

Food Establishment were Satisfactory Unacceptable/Potentially Hazardous
Supermarket A 50.0 (7) 50.0 (7)

Supermarket B 21.4 (3) 78.6 (11)

Shopping Mall C 35.7 (5) 64.3 (9)

Shopping Mall D 21.4 (3) 78.6 (11)

Total 32.1 (18) 67.7 (38)

2=3.603 df=3 P=0.308

Aerobic Bacteria

Table 6 demonstrated that the microbial quality of the salad samples in terms of aerobic bacteria,
is affected or dependent on the food establishment from which it was purchased, 2 (6, N=56) =
30.18, p<0.001.

Table 6: The Microbial Quality of Each Food Establishment i Aerobic Bacteria
% of RTE Salad Sample that were

Food Establishment

Low Medium High
Supermarket A 57.1 (8) 21.4 (3) 21.4 (3)
Supermarket B 21.4 (3) 71.4 (10) 7.1(1)
Shopping Mall C 0.0 (0) 42.9 (6) 57.1 (8)
Shopping Mall D 0.0 (0) 28.6 (4) 71.4 (10)
Total 19.6 (11) 41.1 (23) 39.3 (22)

2=30.18 df=6 P<0.001

Microbial Quality of RTE Salads obtained from Supermarkets versus Shopping Malls

Table 7: The average aerobic and E. coli colonies in salad samples and the average number
of samples contaminated with Salmonella for supermarkets and shopping malls.

Average Aerobic Average E. coli Average No. of
Bacteria Colonies Colonies Samples contaminated
Food Establishment (log CFUg™) (log CFUg™) with Salmonella
Supermarket 5.6+£1.02 3.8+0.82 1.6+0.52
Shopping Mall 7.1+0.5° 3.6+0.62 1.740.52
P-value 0.0001 0.22 0.27

*Results are expressed as mean * standard deviation
*Means with the same letter are not significantly different from each other
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An independent t-test was done to compare the means of the microorganisms (E. coli, Salmonella
spp., aerobic bacteria) found in salads samples from supermarkets against the means of the
microorganisms found the samples from shopping malls (Table 7). It was observed that there was
no significant difference (p=0.22) in the mean number of E. coli colonies found in the samples
from the supermarkets (3.8 £ 0.8 log CFUg-1) and shopping malls (3.6 + 0.6 log CFUg1). Similar
results was obtained when samples were tested for Salmonella (p=0.27). However, there was
significant difference (p<0.001) in the average number of aerobic bacteria colonies of salads
purchased from supermarkets (5.6 £ 0.99 log CFUg-1) when compared to those purchased from
shopping malls (7.1 £ 0.45 log CFUg-1). This may be due to the unhygienic handling of the food
in the shopping malls which was observed during the sample collection.

Comparison of the Average Microorganisms found in the RTE Salads for Two Durations

Table 8: The average aerobic and E. coli colonies in salad samples and the average number
of samples contaminated with Salmonella for week 1 and week 2.

Microorganism Week Mean P-value
Week1l 0.57+0.5%

Average No. of Samples contaminated with Salmonella Week 2 0.79+04b 0.02
Week 1 3.9+0.7%

Average E. coli Colonies (log CFUg™) Week 2 3.5+0.6* 0.49
Week 1 6.4+1.0°

Average Aerobic Bacteria Colonies (log CFUg™) Week 2 6.3+1.00 0.95

*Results are expressed as mean * standard deviation
*Means with the same letter are not significantly different from each other

Based on the independent t-test it was observed that there was no significant differences in the
average aerobic bacteria colony count (p=0.95) and the average number of E. coli colonies
((p=0.49) for the salad samples tested during the periods of week 1 and week 2 (Table 8).
However, the average number of samples contaminated with Salmonella differ significantly
(p=0.02) between the two periods of testing (Table 8). In week 1, 16 of the 28 samples tested
were contaminated with Salmonella; while in week 2, 22 of the 28 samples were contaminated
with Salmonella.

Conclusions

This study takes an initial step towards understanding the relationship between the microbial
guality of ready-to-eat salads and food-service establishments. Fifty-six (56) samples of ready-to-
eat salads were collected twice from each food establishment and were tested for: aerobic
mesophilic bacteria, Escherichia coli and Salmonella spp.

It was found that the number of colonies of aerobic mesophilic bacteria varied significantly
among the four food establishments and was dependent on the store/outlet from which it was
purchased. E. coli was present in all samples at an unsatisfactory level and also varied
significantly among the four stores/outlets. Salmonella on the other hand, did not vary and the
organi smdés pr es e nwasnoideperfdenbod thesptace rdmewdich it was bought.
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Samples obtained from shopping malls and those from supermarkets have similar levels
of E.coli and Salmonella contamination; however, RTE salads from the shopping malls had
significantly higher levels of aerobic bacteria.

The week in which the samples were collected from each food establishment did not affect
the number of aerobic bacteria and E. coli colonies found in the salads. However, the number of
samples contaminated with Salmonella in week 2 was significantly higher than that of week 1.

In this study, the researcher only sampled ready-to-eat salads from four of the many food
establishments in Trinidad. Due to the high number of: aerobic bacteria and E.coli colonies, and
samples contaminated with Salmonella found in the samples analyzed, it was recommended to
increase the sample size in order to provide a general overview of the quality of ready-to-eat
salads sold in Trinidad.

It was also noted that fruits and vegetables used in the preparation of the RTE salads
were subjected to various conditions across the food chain (growth, harvesting, transportation,
and preparation) that could increase contamination; and treating these products by disinfection
does not assure complete removal of pathogenic microorganisms. It was suggested that
measures such as: good agricultural practices (GAP), good hygienic practices (GHP), good
manufacturing practices (GMP) and Hazard Analysis and Critical Control Points (HACCP); be
implemented to minimize the risk of microbial contamination from farm-to-fork.

Acknowledgements

The authors wish to acknowledge the technical support and guidance of the staff of the Food
Production Department and Microbiology Laboratory at the University of West Indies, St.
Augustine, Trinidad.

References

Alliance for Food and Farming. 2010. AAnal ysis of
I'll ness Outbreaks. 6Accessed July 17, 2014.
http://www.foodandfarming.info/docs/386Produce_Analysis 2010 _Final.pdf

Beuchat, L. R. 1 9 maion of FiBits anfd Hegatabl€&scaténa m
Ra w: A Review. 0 Accessed July 28, 2014.
http://mwww.who.int/foodsafety/publications/fs_management/en/surface_decon.pdf

Centers for Disease Control and Prevention (CDC).

Foodborne lliness in the United Statesi CDC 2011 Esti mates. O0Accessed
http://www.cdc.gov/foodborneburden/PDFs/FACTSHEET A FINDINGS_updated4-
13.pdf

CFI (Center for Foodborne 11|11l ness, Research and P
Foodborne |11 ness. 0 Atptveve.oeddorndilindsygorgabout2 0 1 4 .
foodborne-illness.html

Eggersdorfer M, Kraemer K, Cordaro JB, Fanzo J, Gibney M, Kennedy E, Labrique A, Steffen J.

Farm & Busines: Volumel0, No. 1,August2018



A Preliminary Microbial Survey of Ready-To-Eat Salads at Popular Food Establishments in Trinidad. 37

2016. Good Nutrition: Perspectives for the 21st Century. Chapter 5.7. pp 31271 325.
Accessed June 27, 2017. https://www.karger.com/Article/Pdf/452395

Haynes, P. R. 1992. AfFood Microbiology and Hygien
https://books.google.tt/books?id=wb74BwWwAAQBAJ&printsec=frontcover#v=onepage&q&
f=false

Heal th Protecti on Ag®missgssing2he Bi&abiolégiGal i del i nes f
Safety of Ready-to-Eat Foods Pl aced on the Market. o Acce:
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/363146/G
uidelines_for_assessing_the_microbiological_safety of ready-to-
eat_foods_on_the_market.pdf

(IICA) Inter-America Institute for Cooperation on Agriculture Office of Trinidad
and Tobago. 2011. AllCA Technical Coope+ation
2014. 0 Accessed June 9, 2014.
http://www.iica.int/Eng/regiones/caribe/trinidadytobago/Documents/IICA_ Strategy.pdf

Jaroni, D., S. Ravi shankato-Eaodds:Wicroblaunej a. 2010. i
Concerns and Control Measures. 0CRC Press Tayl o

New South Wales Food Autdaduality Guide For0 0 9 . AMi crobiolo
Ready-To-Eat Foods: A Guide to Interpreting Micro
22, 2015.
http://www.foodauthority.nsw.gov.au/_Documents/science/microbiological_quality guide
_for_RTE_food.pdf

PHLS (Public Health Laboratory Service ) . 2000 . AGui delines For The
Microbiological Quality Of Some Ready-To-Eat Foods Sampled At The Point Of Sale.
ACommuni cabl e Disease AnRl@7. ARcessédiMay2H@E3. t h 3 (3) : 1
http://mb-labs.com/wp-content/uploads/2014/08/Micro-Limits-Ready-to-Eat-Foods. pdf

Sapers, G. M., J. R. Gorny and A. E. Yousef. 2006. Microbiology of Fruits and
Vegetables.CRC Press Taylor and Francis Group

Unnevehr, J. L. 2003. Food Safety In Food Security And Food Trade. Accessed June 27, 2017.
http://ageconsearch.umn.edu/bitstream/16033/1/vf030010.pdf

WHO (The World Health Organization). 2003. #AFruit
Initiative / A Meeting Report/25-2 7/ 08/ 03. 6 Accessed June 30, 20:

http://www.who.int/dietphysicalactivity/publications/f&vpromotion_initiative_report.pdf

F
0

WHO (The World Health Organization). 2014. #dFood
Di seases. 0Accessed July 2, 2014.http:// www. who

Farm & Busines: Volumel0, No. 1,August2018



Examining The Applicability of Beeswax and Cassava Starch to Extend the Postharvest Life of Mangoes (Mangifera indica) 38

Examining The Applicability of Beeswax and Cassava
Starch to Extend the Postharvest Life of Mangoes
(Mangifera indica)
Tandika Harry and Donna Morrison

Faculty of Agriculture and Forestry, University of Guyana, Turkeyen,
P.O. Box 101110, Guyana

Abstract

Mango (Mangifera indica) cultivar 06 Buyandabecauss pi ce
of its unique quality and flavour. The fruit is highly perishable after harvest causing economic

losses along the postharvest marketing chain. Four treatments were applied to determine their
effectiveness in extending the postharvest lifeof 6 Buxt on Spi ce6: (1) beeswax
cassava starch, (3) cassava starch and (4) control, untreated. The treatments were arranged in a

randomized complete block design, storing the fruits at ambient and refrigerated conditions. Three

replicates each consisting of three fruits for each treatment were analysed at 3, 6, 9, 12 and 15

days after harvest for quality parameters. A panel of untrained persons familiar with quality of

mango assessed the fruits for an indication of consumer acceptability. Fruit weight loss increased

with its corresponding decrease in firmness with the beeswaxed fruits having the least weight loss

and maintaining firmness for up to day 15. The bee
after nine days of storage while those treated with beeswax and starch composite had the best

guality and was therefore the most acceptable among the treatments in extending postharvest

life. This treatment (beeswax and starch) can therefore be applied to mango to reduce production

and economic losses.

Keywords: Postharvest Storage, Edible Coatings, Beeswax, Cassava Starch, Physicochemical
Changes

Introduction

Mango (Mangifera indica L.) is a stone fruit; the flesh is peach like and juicy; the skin is leathery,
smooth, fairly thick, yellow-orange and reddish-pink when fully ripe. Some varieties have a
turpentine odour and flavour with a pleasant fragrant and exceptional taste (Morton, 1987). Itis a
climacteric fruit, characterized by a series of biochemical changes initiated by an autocatalytic
production of ethylene and the consequent increase in respiration as it ripens. During ripening,
the significant physico-chemical attributes influenci ng qual ity are firmness,
soluble solids content, titratable acidity, and aroma volatiles (Padda et al., 2011). Mango is an
excellent source of dietary fibre and bioactive compounds such as provitamin A, carotenoids,
vitamin C and phenolics, which are essential to human nutrition and health (Samad, 1975). In
Guyana, there are several cultivars of mangoes, however, the most flavourful and preferred
cultiwvar is the OBuxton Spicebo. Hence, 6iBaxton S
medium-sized fruit with a golden-yellow skin colour when ripe and has relatively low fibre content
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(Ministry of Agriculture, 2007). In order to accelerate production and export, there is need to
determine a suitable postharvest treatment.

Edible coatings are used to extend postharvest life. They are made of a variety of
polysaccharides and are derivatives of marine, agricultural plants and animals. Coatings reduce
aroma loss, retain moisture and delay colour change throughout storage, retard shrinkage and
prevent spoilage. These coatings are used to retard transfer of gas, vapour and volatiles. The
modified atmosphere in the fruit is due to decrease respiration which delays senescence. The
properties of the coatings are affected by characteristics such as their solution composition,
viscosity and thickness. The plant variety, fruit or vegetable maturity, previous fruit treatment and
fruit surface coating also influence the effectiveness of the applied coating (Kolattukudy, 1984;
Olivas and Barbosa-Céanovas, 2009; Dhall et al., 2013). Beeswax, wood resin, cassava starch
and carnauba wax from palm trees are among the organic waxes used to extend postharvest life
(Fallik et al., 2005). Phan et al., (2005) observed that cassava starch was the best of the starch-
based films applied to preserve food quality. When beeswax is added to starch films it increases
the mechanical, physical and thermal properties of treated fruits (Han et. al., 2006). Formulations
of beeswax and starch extended the shelf life of peach and pea (Oliveira and Cereda, 2003; Han
et al., 2006).

The climacteric properties of mango mean that when harvested, they ripen and soften
quickly. Thus, if it is required that they remain a long time for shipment or storage for local sales
an effective postharvest method should be applied. Baldwin et al., (1999) found that two coatings,
one polysaccharide based and the other with carnauba as the main ingredient applied to mango
(Mangifera indica) in modified atmospheres, reduced decay and improved appearance of the fruit.
Carnauba wax was better at reducing water loss compared to the polysaccharide coating
treatments. Among various coatings tested on mango, beeswax was the best at preventing water
loss while the starch-base coating fruit had the best quality (Bibi and Baloch, 2014). Junior et al.,
(2007) also determined that 3% starch reduced water loss, extended shelf life and improved the
visual appearance of the mango. However, as indicated by Dhall (2013) starch alone does not
have the mechanical property to form an adequate coating. Previous studies by Abbasi et al.,
(2011) demonstrated the extended shelf life of coated mangoes in refrigerated conditions.

The objective of this study was to investigate the influence of beeswax, cassava starch
and a combination of beeswax and cassava starch in extending the shelf life of mango while
maintaining quality in ambient and refrigerated conditions.

Materials and methods

Mangoes, cultivar o6Buxton Spicebd, were purchased
taken to the laboratory of the Faculty of Agriculture and Forestry, University of Guyana where they

were examined individually for firmness and defects. The firmer fruits, uniform in size and with

no defects were selected for the experiment. The fruits were immersed and washed thoroughly in

running water, they were removed and air-dried. An initial physico-chemical analysis was

conducted on a sample of fruits.

Four treatments were prepared:
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0] melted purified beeswax

(i) starch emulsion prepared by suspending 80 grams of cassava starch made up to a
volume of 500 ml with water and placed unto hot plate with constant stirring until gelling

(iii) The starch and beeswax emulsion obtained by mixing 80 grams of cassava starch, 80
grams of beeswax, 40 grams of glycerol, 5 grams of potassium hydroxide (KOH) and
10ml of ethyl ether as antifoaming agent with 800ml of water in a suitable container and
heating for 30 minutes adapted from Oliveira and Cereda (2003) and

(iv) Untreated, that is, no coating.

Of the 360 fruits selected, ninety fruits were used for each treatment. For the three
coatings, fruits were dipped for about five seconds to give one layer. Following this, 45 fruits from
each treatment, totalling 180 fruits, were stored in ambient temperature and the other 180 in
refrigerated conditions. Three replicates each of three fruits from each treatment were analysed
every 3 days for 15 days for those stored in refrigerated conditions and ambient conditions.
Analyses were conducted on the physico-chemical attributes that influence quality and consumer
acceptability. Fruit weight loss was expressed as a percentage of the initial weight of each fruit.
A handheld SSEYL GY i Fruit penetrometer was used to determine the firmness of the fruit by
puncturing opposite sides of each fruit where two circular discs of the peel were removed.
Firmness was recorded as pound per square inch (psi) of pressure.

The three fruits of each replicate were macerated to extract the juice and pH was
determined with a Hanna HI 8424 pH/ temperature meter. Analysis of juice for total titratable
acidity as malic acid was conducted by titrating with 0.1 N NaOH to pH of 8.2; soluble solids
concentration recorded as °Brix was measured with a Lab Digital Refractometer (digital
refractometer 30035 Sper Scientific). Change in peel colour was observed over the various
periods of analysis for both refrigerated and ambient storage conditions using a numerical scale;
4- yellowish green 3- greenish yellow, 2- light green and 1- green. For the organoleptic test, a
panel of eight untrained members familiar with the taste and flavour of mango provided an
indication of consumer acceptability using a 5 point hedonic scale this included, 5- Delicious, 4-
Good, 3- Fair, 2- Bad, and 1 very bad. The data were analysed by Analysis of Variance (ANOVA)
and least significant difference (LSD) test using Statistics 10 software. The means were separated
using the least significant difference (LSD) at 95% confidence limit.

Results and Discussion

Weight Loss:

The percentage weight loss was a function of both storage period and the type of coating used
(Figure 1). Regardless of the storage temperature or type of coating, the percentage weight loss
increased with time of storage. The application of beeswax produced significantly less weight loss
than the untreated fruits throughout the storage period. There were significant differences among
the coatings for water loss for both storage conditions (p = 0.000). In ambient condition, from day
6 to day 15, the untreated fruits had significantly higher weight loss than the treated fruits while
among the treated fruits from day 9 to day 15, those treated with beeswax only had the lowest
weight loss which was significantly different from the other treated fruits. For mangoes stored in
the refrigerator, those dipped in beeswax had significantly lower weight loss for all days analysed
except for day 3.
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Figure 1: The weight loss (%) of mangoes coated with Beeswax (BS), Cassava starch
(CS), Combination of Beeswax and Cassava starch (BS&CS) and Control over the
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storage period of 15 days at both ambient conditions (a) and refrigerated conditions (b).

After 15 days of storage at temperatures (10-15°C) weight loss ranged from 0.1% to 16.7% of the
initial fruit weight and at room temperature weight loss ranged from 0.5% to 23%. Patil et al.,
(2016) also observed lower weight loss in mango at 20°C than at higher temperature of 25°C and
30°C. Generally in fruits, weight loss is due to respiration and transpiration of water through the
peel tissues of the fruit. The untreated fruits had the greatest percentage of weight loss while
beeswax coated fruits had the least for both ambient and refrigerated conditions. Related studies
by Baldwin et al., (1999) also reported reduced weight loss in the coated fruit compared to
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uncoated controls, while Bibi and Baloch (2014) determined that beeswax-treated fruits had the
lowest weight loss among various coatings tested including those treated with starch. Jatoi et al.,
(2018) also observed that temperature influences weight loss since Goji berries stored at 0°C
and 72 AC had much | ower wei®ht loss than t

Firmness:
Fruit firmness decreased over the storage period (Figure 2). Under ambient conditions across the
storage period, beeswax coated fruits had the highest firmness followed by fruits coated with the
combination of beeswax and cassava starch while untreated fruits retained the least firmness.
Differences among these treatments were significant (p = 0.0133). The observation was the same
for refrigerated conditions and overall beeswax coated fruits had the highest mean firmness of
8.3 psi which was significantly different from the fruits coated in the combination of beeswax and
cassava starch at 6.7 psi; cassava starch 6.3 psi and untreated 5.1 psi (p = 0.0398). Changes to
fruit firmness are partly due to water loss.The ripening of mango fruits is also characterized by a
loss of firmness due to cell wall digestion by cellulase, pectinesterase, polygalacturonase,

hose

glycanases, gl ycosi da s e s-mannesidate ara nother neazyree amldn d U

nonenzymatic processes (Selvaraj and Kumar 1989, Mitcham and McDonald 1992; Narain et al.,
1998, Yashoda et al., 2007). The use of X-ray and confocal laser scanning
microscopy demonstrated that these enzymatic activities result in the disintegration of the self-
assembled network of polymers such as pectins and hemicelluloses into individual molecules with
consequent loss of firmness (Cardenas-Pérez et al., 2018). The effectiveness of the coatings is
in slowing down the changes associated with loss of firmness.
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Figure 2: The Firmness of mangoes coated with Beeswax (BS), Cassava starch (CS),
Combination of Beeswax and Cassava starch (BS&CS) and Control over the storage
period of 15 days at both ambient conditions (a) and refrigerated conditions (b).

Colour change:

60Buxton Spiced mangoes showed its characteristi

day 3 to day 15 (Figure 3). The change in peel colour is as a result of the degradation of the
chlorophyll structure and an increase in the carotenoid pigments during storage upon ripening of
fruits (Mitra and Baldwin, 1997). The enzyme chlorophyllase, pH changes and oxidative systems
are involved in chlorophyll breakdown (Wills et al.,, 1998). Overall there were significant
differences among the coatings and for the days of analysis. Beeswax only and Beeswax
combined with starch slowed the development of colour from green to yellow. This was more
pronounced in ambient condition where from day 6 to day 15, where the two types of treatments
had slight changes in colour and were significantly different from the control and those treated
with starch only (Figure 3a). However, untreated fruits stored in the refrigerator showed increase
in colour from day 9 (Figure 3b). Overall ambient-temperature-stored fruits changed colour at a
faster rate than the refrigerated-stored fruits. Similar studies by Patil et al., (2016) with mango var
Alphonso showed that there was slower colour development at the lower temperature of 20°C
than at higher temperatures, 25°C and 30°C. Among the treatments, beeswax coated fruits had
a slower rate of colour development from green to yellow. Feygenerg et al., (2004) also observed

thatin6 Tommy At ki ns6é mango, beeswax delayed col our
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Figure 3: Colour Change of mangoes coated with Beeswax (BS), Cassava starch (CS),
Combination of Beeswax and Cassava starch (BS&CS) and Control over the storage

period of 15 days at both ambient conditions (a) and refrigerated conditions (b).

Total titratable acidity:

Total titratable acidity measured as malic acid decreased during storage at both ambient and
refrigerated conditions, due to the hydrolysis of starch leading to an increase in total sugars and
a reduction in acidity (El-Ghaouth, 1991). At both ambient and refrigerated conditions, the mean
of the beeswax coated fruits were significantly higher than the other treatments (Table 1).
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Table 1. Average values for total titratable acidity, total soluble solids and pH of mangoes
treated with beeswax, cassava starch, combination of beeswax and cassava starch and
control stored in ambient and refrigerated conditions for 15 days.

Variable Treatment Ambient Refrigerated
Beeswax 1.21a 1.15a
Total titratable acidity Cassava Starch .66b 0.55b
(mEq NaOH/100 g) Beeswax & CS .65b 0.61b
Control 44c 0.58b
Control 4.65a 3.80a
pH Cassava Starch 4.39b 3.79a
Beeswax & CS 4.16¢ 3.45b
Beeswax 3.82d 3.27c
Control 10.86a 10.19a
ubl i Beeswax & CS 10.60a 9.83a
Soluble SBO_'d content Cassava Starch 8.47b 8.01b
(Brix) Beeswax 6.94b 5.75¢c

Generally, for refrigerated fruits TTA ranged from 0.1 to 1.6 while in ambient stored fruits values
ranged from 0.1 to 1.5 (Figure 4). The untreated fruits had the lowest mean of malic acid. This
result is similar to studies by Kittur et al., (2001) where the coated mango had a higher acid
content than the uncoated mango.
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Figure 4: Total Titratable Acidity of mangoes coated with Beeswax (BS), Cassava
starch (CS), Combination of Beeswax and Cassava starch (BS&CS) and Control over
the storage period of 15 days at both ambient conditions (a) and refrigerated
conditions (b).

pH:

In addition to titratable acidity, pH is used to measure acid levels in fruits and vegetables. In
mango, pH is a good predictor of biting (The stinging sensation felt on the tongue after drinking
carbonated drinks such as soda), astringency and sourness (Malundo et al., 2001). With the
decreasing total titratable acidity, pH increased over the storage period. The loss in acidity may
be as a result of a large decrease in citric acid and a small reduction in malic acid (Medlicott and
Thompson, 1985). Untreated fruits had the highest pH in both storage conditions. Refrigerated
stored fruits pH values ranged from 2.7 to 4.9 while fruits stored in ambient temperature ranged
from 2.7 to 5.2 (Figure 5). There were significant differences among the coatings for each day of
analysis (p=0.000).
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