
ADDIS ABABA UNIVERSITY

ADDIS ABABA INSTITUTE OF TECHNOLOGY

SHOOL OF CHEMICAL AND BIO ENGINEERING

A COMPARATIVE STUDY ON SELECTED TOMATO VARIETIES FOR

MANUFACTURING PASTE

BY

JEMAL ABDU

A Thesis Submitted to the School of Chemical and Bio Engineering, Addis Ababa Institute

of Technology, in Partial Fulfillment of the Requirements for the Award of Master of

Science Degree in Food Engineering

June, 2016

Addis Ababa, Ethiopia



ADDIS ABABA UNIVERSITY

ADDIS ABABA INSTITUTE OF TECHNOLOGY

SHOOL OF CHEMICAL AND BIO ENGINEERING

A COMPARATIVE STUDY ON SELECTED TOMATO VARIETIES FOR

MANUFACTURING PASTE

BY

JEMAL ABDU

A Thesis Submitted to the School of Chemical and Bio Engineering, Addis Ababa Institute

of Technology, in Partial Fulfillment of the Requirements for the Award of Master of

Science Degree in Food Engineering

Approved by the Examining Board:

Name Signature’s

Chairman, School’s Graduate Committee

Advisor(s)

Internal Examiner(s)

External Examiner(s)



i

ACKNOWLEDGEMENTS

Above all, I would like to honor and give glory to Allah/God who has been strengthening me

throughout my research work titled ‘A Comparative Study on Selected Tomato Varieties for

Manufacturing Paste.’ I gratefully acknowledge the financial assistance provided by the

Directorate of Research, Addis Ababa University.

I am indebted to Mr. Adamu Zegeye (Associate Professor), my advisor for his generous

assistance, suggestions, counseling and encouragement throughout this course of study.

I would like to extend my heartfelt gratitude to all staff members of School of Chemical and Bio

Engineering, special thanks to laboratory assistant Mr. Aklilu G/Hawariat, W/o Azeb, W/o

Dame, Mr. Sami, and Hintsasilase Seifu who have given freely their time and experience and

provide me with information. Also thanks to W/o Tringo Tadesse for sharing me her invaluable

experience.

Deep appreciation goes to the Center of Food Science and Nutrition at 4 kilo, Upper Awash

Agro Industry Enterprise (UAAIE), Melkassa Agricultural Research Center (MARC) and Holeta

Agricultural Research Center (HARC), and Addis Ababa Bottle and Glass Share Company for

their cooperation and tireless assistance throughout my research work.

I should also not forget my friends like Mr. Mekonen Edecha, Mr. Tariku Ayala, Mr. Naga

Endayehu and others for giving ideas during the work of my thesis.

Last but not least, special thanks to my wife, Kemeru and my family, for their constructive

thoughts, encouragement and support during my studies and thesis work.



ii

TABLE OF CONTENTS

Contents Page

Acknowledgment………………………………………………………………..…………………i

Table of Contents………………………..……………………….………………………………..ii

List of Abbreviation and Acronyms……………………………………………..…………….....iv

List of Tables……………...…………………………………….………………………………..vi

List of Figures……………………………...………………………………………………...…..vii

Abstract…………………………………………..……………………………………...………viii

1 Introduction.................................................................................................................................. 1

1.1 Background ........................................................................................................................... 1

1.2 Statement of the Problem ...................................................................................................... 4

1.3 Objectives.............................................................................................................................. 5

1.4 Significance of the study ....................................................................................................... 5

1.5 Scope and Limitation of the Study........................................................................................ 5

2 Literature Review......................................................................................................................... 6

2.1 A Brief Description of Tomato ............................................................................................. 6

2.2 Tomato Biology..................................................................................................................... 8

2.3 Classification of Tomatoes.................................................................................................... 8

2.4 Tomato Ripening................................................................................................................. 11

2.5 Chemical Changes during Growth and Maturation............................................................. 12

2.6 Overview of Fruits and Vegetables in the World................................................................ 12

2.7 Overview of Fruits and Vegetables in Ethiopian Agro-Industry ........................................ 15

2.8 Current Status of Tomato Production in Ethiopia............................................................... 17

2.9 Feasibility Study of Tomato Paste Production.................................................................... 18

2.9.1 Raw Material Availability ............................................................................................ 18

2.9.2 Market Study ................................................................................................................ 19

2.10 Tomato Derived Products.................................................................................................. 22

2.11 Tomato Paste Manufacturing Process ............................................................................... 23



iii

2.12 Physicochemical Characteristics of Tomato ..................................................................... 30

2.12.1 Nutritional Composition of Tomato ........................................................................... 32

2.12.2 Behavior of Nutrients during Tomato Processing ...................................................... 33

2.12.3 Firmness...................................................................................................................... 35

2.12.4 Texture........................................................................................................................ 36

2.12.5 Factors Affecting Tomato Yield and Quality ............................................................. 40

2.13 Tomato By products .......................................................................................................... 41

2.14 Tomatoes Health Benefits ................................................................................................. 41

2.15 Quality and Safety Control................................................................................................ 42

3 Materials and Methods............................................................................................................... 45

3.1 Study Site ............................................................................................................................ 45

3.2 Materials.............................................................................................................................. 45

3.2.1 Sample Collection......................................................................................................... 45

3.2 Methods............................................................................................................................... 46

3.2.1 General Flow sheet of Tomato paste Preparation......................................................... 46

3.2.2 Raw Tomatoes and Paste Proximate Analyses............................................................. 49

3.2.3 Raw and Paste Tomato Physicochemical Analysis ...................................................... 53

3.2.4 Microbiological Analysis ............................................................................................. 55

3.3.5 Sensory Analysis .......................................................................................................... 56

3.2.6 Experimental Design and Data Analysis ...................................................................... 56

4 Results and Discussion .............................................................................................................. 57

4.1 Results of proximate Analysis............................................................................................. 57

4.2 Results of Physicochemical Analysis.................................................................................. 59

4.3 Results of Microbiological Analysis ................................................................................... 62

4.4 Results of Sensory Analysis ................................................................................................ 62

5 Conclusions and Recommendations .......................................................................................... 64

5.1 Conclusion........................................................................................................................... 64

5.2 Recommendation................................................................................................................. 65

References..................................................................................................................................... 66

Appendix....................................................................................................................................... 71



iv

LIST OF ABBREVIATION AND ACRONYMS

ANOVA                                                 Analysis of Variance

AOAC                                                    Association of Official Analytical Chemists

CB Cold Break

CCP Critical Control Points

CRD                                                        Complete Randomized Design

CSA Central Statistical Agency

DAL                                                         Defect Action Levels

DALY                                                      Disability-Adjusted Life Years

EBC European Brewery Convention

EIAR                                                        Ethiopian Institute of Agricultural Research

FAO                                                         Food and Agricultural Organization

FAOSTAT Food and Agricultural Organization Statistics

FDA Food and Drug Administration

GAP                                                        Good Agricultural Practices

GDP                                                        Good Distribution Practices

GDP                                                        Gross Domestic Products

GHP                                                        Good Hygienic Practices

GMP                                                        Good Manufacturing Practices

HACCP                                                  Hazard Analysis Critical Control Points



v

HARC                                                    Holeta Agricultural Research Center

HB                                                          Hot Break

MARC                                                    Melkassa Agricultural Research Center

MPN                                                      Most Probable Number

MT                                                         Metric Tones

NTSS                                                     Natural Total Soluble Solids

p.a                                                           per annual

QA Quality Assurance

SD                                                          Standard Deviation

SG                                                          Specific Gravity

SPSS Statistical Packages for Social Sciences

SRM                                                       Standard Reference Method

TA                                                          Titrable Acidity

TYLCV Tomato Yellow Leaf Curl Virus

UAAIE                                                   Upper Awash Agro-Industry Enterprise

UNIDO                                                  United Nation’s Industrial Development Organization

USDA                                                    United States Department of Agriculture

VFN                                                       Verticillium wilt, Fusarium and Nematodes

WHO                                                     World Health Organization



vi

LIST OF TABLES

Table 1: USDA Tomato Classes ...................................................................................................................9

Table 2: Major Tomato Producing countries in the world ..........................................................................14

Table 3: Capacity of Fruits and Vegetables Processing Plants in Ethiopia ................................................16

Table 4: Domestic Production of Tomato Paste and Import of Tomato Juice (Tonnes).............................19

Table 5: The Volume and Value of Fruit Juice Imports in Ethiopia (2009 - 2011)....................................20

Table 6: Results of Raw Tomato Varieties Proximate Composition (Mean ± SD) ....................................57

Table 7: Results of Tomato Paste Proximate Composition (Mean ± SD) ..................................................57

Table 8: Results of Raw Tomato Varieties Physicochemical Analysis (Mean  SD) ...............................59

Table 9: Results of Tomato Paste Varieties Physicochemical Analysis (Mean  SD) ..............................60

Table 10: Results of paste Tomato varieties microbiological analysis .......................................................62

Table 11: Results of paste tomato varieties sensory analysis (mean ± SD) ................................................62

Table 12: Relationship between Refractive Index and Total Solids of Tomato Puree and Pulp ................71

Table 13: Relationship of direct Refractometer Reading for NTSS and SG raw Juice, Pulp and Paste .....71

Table 14: Relationship between Temperature and Refractometer Readings for Distilled Water ...............72

Table 15: Colour Based on Standard Reference Method (SRM)................................................................72



vii

LIST OF FIGURES

Figure 1: The Anatomy of a Tomato Fruit.................................................................................................... 8

Figure 2 All Purpose Fruit Firmness Tester, Penetrometer, Sclerometer ...................................................36

Figure 3: Tomato Varieties Selected for this Study ....................................................................................45

Figure 4: Simplified Process Block Diagram of Tomato Paste Processing Plant .......................................46

Figure 5: Tomato Paste Products Made From Different Tomato Varieties ................................................49



viii

ABSTRACT

The favorable climatic condition, vast irrigation sources, abundant labor and other factors in

Ethiopia are viable for the production and processing of tomato fruits, generally for fruits and

vegetables. Tomato and tomato-based products are important sources of many established

nutrients that have health benefits. This study aimed to compare the performance of selected

local and foreign tomato varieties for manufacturing paste. The pastes were produced from three

raw tomato varieties namely; Galilea (GL), Galilema (GLM), and Melkasalsa (MS). The Merti

tomato paste in cans was used as a control sample which is commercially available in the market.

The raw tomato and pastes proximate contents were determined using standard methods of

analysis. Moreover, fruit weight, firmness, viscosity, and pH analyzed by instruments whereas

Vitamin C and titratable acidity were determined using titration method. The samples were

analyzed in triplicate. The data were analyzed using SPSS statistical software to compare the

mean values of tomato varieties at the probability level of P < 0.05. The results of raw tomato

varieties proximate analysis showed in the range: moisture (94.1 - 96.3%), ash (0.58 - 0.63%),

protein (4.94 – 5.25%), fat (0.01 - 0.49%) and fiber (1.7 - 1.78%) whereas pastes result shows

moisture (73.4-83.9%), ash (2.9 - 3%), protein (11.46 – 15.14%), fat (0 - 0.5%), and fiber (2.36 -

4.09%). Raw tomato varieties physicochemical analysis results showed in the range: fruit weight

(47.86 – 63g), firmness (4.09 – 4.13Kg), titrable acidity (0.541 – 0.462%), pH (4.32 – 4.51),

viscosity (6.5 – 10.7mPa.s), natural total soluble solids (4.3 - 4.8°Brix), and vitamin C (16 –

17.6mg/100g) and color rating scale 6 whereas pastes natural total soluble solids (16 - 24°Brix),

titrable acidity (0.73 – 1.0%), sugar-acid ratio (21.92 – 29.63), pH(4.3 – 4.5),viscosity (0.8 –

2.12Pa.s) and vitamin C (11 – 14.11mg/100g) and the color(13 – 17SRM). From all the above

quality parameters, the most criteria for tomato paste varieties selection are total soluble solids,

firmness, color, and moisture contents. Results showed that Galilea and Galilema have high total

soluble solids (24°Brix) while Melkasalsa has low (16°Brix). Therefore, the study identified that

local Galilema varieties are the best performance of paste at industry level.

Key words: Tomato, Paste, Physicochemical Properties, Variety, Manufacturing, Proximate

Analysis
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1 Introduction

1.1 Background

Tomato (Lycopersicon esculentum Mill.) is one of the most important edible and nutritious

vegetable crops in Ethiopia. It is cultivated in almost all home gardens and also in the field by

the use of rainfall and irrigation for its adaptability to wide range of soil and climate in Ethiopia.

It ranks next to potato and sweet potato in respect of vegetable production in the world. It is

widely cultivated in tropical, sub-tropical and temperate climates and thus it ranks third in terms

of world vegetable production (FAO, 2006).

Tomatoes rank second to potatoes in dollar value among all vegetables produced in the United

States and in other parts of the World where they are grown. The tomato belongs to one of the

nine species of the genus Lycopersicum. Consumption of tomatoes is limited to Lycopersicum

esculentum, fruits of the wild species L. cersiform and L. pimpellifolium (Gould, 1983).

By use and culture, the tomato is considered a vegetable. Botanically, however, it is a fruit based

on its plant parts, and among fruits it is a berry, since it is indehiscent (non-shedding), pulpy, and

has one or more seeds that are not stones. The principal commercial cultivars of tomato fruit are

globular or oblate in shape, but some of the special types may be elongated or pear-shaped

(Salunkhe et al., 1974).

Tomatoes contribute to a healthy, well-balanced diet. They are rich in minerals, vitamins,

essential amino acids, sugars and dietary fibers. Tomato contains much vitamin B and C, iron

and phosphorus. Tomato fruits are consumed fresh in salads or cooked in sauces, soup and meat

or fish dishes. They can be processed into purées, juices and ketchup. Canned and dried tomatoes

are economically important processed products. Yellow tomatoes have higher vitamin A content

than red tomatoes, but red tomatoes contain lycopene, an antioxidant that may contribute to

protection against carcinogenic substances (Naika et al., 2005). Tomato is important for health

and rich in several good compounds. It contains all four major carotenoids: α- and β- carotene,

lutein and lycopene. These carotenoids may have individual benefits, but also have synergy as a

group (Bhowmik et al., 2013). Lycopene, the predominant carotenoid in tomatoes, exhibits the
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highest antioxidant activity and singlet oxygen quenching ability of all dietary carotenoids.

Processing of tomatoes increases the biovailability of lycopene (Alda et al., 2009).

There are many methods of tomato processing involving engineering and technological means.

The large and small industrial units are engaged in processing of tomato in various forms at a

using temperature gradient of 70oC to isolate peel and seed from pulp, destroying seed altogether

and thus sacrificing pulp quality. Tomatoes can be processed into juice by either a hot break or

cold break method. Most juice is made by hot break. The term Hot Break means that the fresh

tomato is chopped when heated, at temperatures ranging from 85 to 100°C, while Cold Break

means that the fresh tomato is chopped at lower temperatures, ranging from 65 to 75°C (Gould,

1992). Processing plays an important role in the conservation and effective utilization of fruits

and vegetables. It converts perishable fresh products to more durable processed products in cases

of sluggish markets or when there are profit-generating demands for processed products. In

general, processing can add-value, contribute to generating rural employment and is an

additional source of foreign exchange earnings.

Tomatoes are among the vegetables identified in the Growth and Transformation Plan as a high

value vegetable. Tomatoes in Ethiopia are produced mainly in the northern and central rift valley

areas. In recent years, commercial tomato production has significantly expanded since national

agricultural strategies began favoring high value cash crops. The total area of land estimated to

be covered by tomato farms in 2011/12 is 7,255 ha with an estimated yield of 81,970 metric tons

(11.3MT/ha). Oromia region contributes the lion’s share of Ethiopia’s total tomato production

(56, 279 MT or 68%) with the remaining production coming from Meki (9%), Tigray (5%) and

Somali region (4%). It is estimated that more than 254, 000 farmers are engaged in tomato

farming (Tefera and Tefera, 2013).

The introduction of cultivated tomato (Solanum lycopersicum Mill.) into Ethiopian agriculture

dates back to the period between 1935 and 1940. The Ethiopian Institute of Agricultural

Research (EIAR) was established in 1966 during which tomato was recognized as a commodity

crop. The first record of commercial tomato cultivation is from 1980 with a production area of

80 ha in the upper Awash by Merti Agro-industry for both domestic as well as export markets.

The total area increased to 833 ha by the year 1993 and later on the cultivation spread towards

other parts of the country. Since 1994 up to present, tomato acreage increased to 5338 ha with a
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total production of 55,635 MT (CSA, 2011). Currently tomato is one of the regional export crops

of the country.

Ethiopia’s wide range of agro-climatic conditions and soil types make it suitable for the

production of diverse varieties of fruits and vegetables both under rain fed and irrigation

condition. The production of the crop in the study area is challenged by shortage of improved

varieties, use of unknown and poor quality seed, disease and insect pests, poor agronomic

practices and poor postharvest handling. To alleviate some of the production challenges of

tomato in Ethiopia, efforts were made by Ethiopian Institute of Agricultural Research (EIAR),

Melkassa Agricultural Research Center (MARC) and other research institutes (Chernet and

Zibelo, 2014). Nowadays, several tomato varieties are released nationally and have been

recommended by Melkasa Agricultural Research Center for commercial production and small

scale farming systems in Ethiopia. These varieties are (Bishola, Chali, Cochoro, Marglobe, Fetan

and Melkasalsa) have determinate growth habit while (Metadel, Miya, and Melkashola) have

indeterminate growth habit (Chernet and Zibelo, 2014).

In Ethiopia, the number of fruits and vegetables processing industries is limited. Currently, there

are only five fruits and vegetables processing plants in the country. These are Melge Wendo

Food Processing Factory, Gonder Food Processing Factory, Merti Processing Factory, Awash

Winery, Green Star Food Company (Ethiopian Branch). Merti is UAAIE’s fruits and vegetables

processing plant. The Plant has been operational since 1983 and is currently producing a range of

products such as tomato paste, tomato juice and tomato ketchup, orange marmalade, juice and

squash and guava nectar. All products are packed in consumer-size units (mostly tins). Tomato

paste is by far the most important product. Orange marmalade is the most important product

among the processed fruits. (Wiersinga and de Jager, 2007).

Ethiopian Investment Agency (2012), investigated that in Ethiopia, fruit processing is limited

mainly to extraction of fresh juice which is sold on the local market. The Merti processing

factory is the only plant producing fruit juice for the local market. At present, a range of fruit

juices are imported into the country. The tomato products are made from tomato juice and many

other ingredients and preservatives can be added to it to enhance its shelf life and taste. These

products are consumed by people of all age groups and demand is going up.
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1.2 Statement of the Problem

In Ethiopia, different tomato varieties cultivated both from imported seeds and nationally

released by agricultural researchers. However, the local tomato varieties less acceptable to use as

input raw material at industrial level for processing of tomato products. Therefore, comparative

studies among tomato varieties in terms of proximate analysis and physicochemical qualities

needed to see their differences.

Ayele (2009) was studied on the development of tomato juice and sauce from improved

varieties. Other researchers also work on the production of tomato paste, ketchup and powder

from foreign hybrid and nationally released varieties by Ethiopian Agricultural Research

institute. However, the fruit and vegetable processing industry does not satisfied on the selection

of proper tomato varieties for paste production and recently buy each tomato seeds by 0.25 cents

from foreign countries.

The data on physicochemical properties of agro-food materials are valuable because they are

needed as input to models, predicting the quality and product behavior. The correlation between

laboratory test processes and the physicochemical qualities of tomato varieties will contribute to

develop an optimal solution for processing and product quality. The best tomatoes are firm, ripe

and meaty. This type is usually oval shaped and called Italian, Roma, plum, pear or paste tomato.

These varieties contain fewer seeds and more pulp and so produce dried tomatoes of better

quality. Nevertheless, the previous Roma varieties requirements now decrease the use as input of

factory’s level raw material for paste production.

Consumers need tomato for different purposes both fresh and processed products. However,

local tomato varieties have low disease resistance, yield and qualities to manufacture tomato

paste products for domestic markets or export at commercial level. Nowadays, the available

packed tomato paste products on the market also very expensive. So the aim of the study was to

compare the performance of tomato varieties for manufacturing paste at factory level to meet the

demands of domestic markets and others.
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1.3 Objectives

General objective

The general objective of the study was to compare the performance of nationally released and

foreign tomato varieties for paste manufacturing.

Specific objectives

The specific objectives of the study were:

To evaluate the physicochemical characteristics of tomato varieties

To evaluate proximate composition of selected tomato varieties

Microbiological analysis of tomato paste varieties

Sensory evaluation of tomato paste varieties.

1.4 Significance of the study

In Ethiopia, demand for tomato paste and juice is mainly a function of urbanization, income and

change in the consumption habit of the population. Urban population growth in Ethiopia is about

4% while GDP has been growing by more than 7% per annum for the last few years. As income

rises and urbanization grows there is a shift towards more expensive but conveniently packed

goods. Considering this situation demand for tomato paste and tomato juice is forecasted to grow

by 5% per annum. This study was to increase the supply of good variety raw materials to the

manufacturing plant for processing tomato products by enhancing flavors, add visual interest,

and adjust texture with extended shelf life. In addition, the demand of domestic markets and

consumers satisfied so that the products available for different purposes. The present expenditure

cost of tomato imports also reduced. Moreover, it is used as source of income for the country by

exporting processed and wholesome tomato products.

1.5 Scope and Limitation of the Study

The study was covered only upper Awash Agro-industry Enterprise and Melkassa Agricultural

Research Center. The selected key issues in this study was analysis of quality parameters like

physicochemical, proximate composition for both fresh and processed tomato varieties and their

comparison for manufacturing tomato products.
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2 Literature Review

2.1 A Brief Description of Tomato

Tomato (Lycopersicon esculentum L.) is one of the most important vegetables worldwide. World

tomato production was about 152.9 million tons of fresh fruit with a value $74.1 billion

(FAOSTAT Database, 2009). As it is a relatively short duration crop and gives a high yield, it is

economically attractive and the area under cultivation is increasing daily. Tomato belongs to the

Solanaceae family. This family also includes other well- known species, such as potato, tobacco,

peppers and egg plant (aubergine) (Naika et al., 2005).

Tomato (Lycopersicon esculentum L.) belonging to Solanaceae and its origin is the Andean zone

particularly Peru-Ecuador-Bolivian areas but cultivated tomato originated in Mexico. Tomato is

one of the most highly praised vegetables consumed widely and it is a major source of vitamins

and minerals. It is one of the most popular salad vegetables and is taken with great relish (Zahedi

and Ansari, 2012).

The cultivated tomato was brought to Europe by the Spanish conquistadors in the sixteenth

century and later introduced from Europe to southern and eastern Asia, Africa and the Middle

East. More recently, wild tomato has been distributed into other parts of South America and

Mexico. Common names for the tomato are: tomate (Spain, France), tomat (Indonesia), faan ke’e

(China), tomati (West Africa), tomatl (Nahuatl), jitomate (Mexico), pomodoro (Italy), nyanya

(Swahili).

Tomatoes contribute to a healthy, well-balanced diet. They are rich in minerals, vitamins,

essential amino acids, sugars and dietary fibers. Tomato contains much vitamin B and C, iron

and phosphorus. Tomato fruits are consumed fresh in salads or cooked in sauces, soup and meat

or fish dishes. They can be processed into purées, juices and ketchup. Canned and dried tomatoes

are economically important processed products. Yellow tomatoes have higher vitamin A content

than red tomatoes, but red tomatoes contain lycopene, an antioxidant that may contribute to

protection against carcinogenic substances (Naika et al., 2005).

Tomato (Lycopersicon esculentum Mill.) is one of the most important edible and nutritious

vegetable crops in Ethiopia. It is cultivated in almost all home gardens and also in the field by

the use of rainfall and irrigation for its adaptability to wide range of soil and climate in Ethiopia.
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It ranks next to potato and sweet potato in respect of vegetable production in the world. It is

widely cultivated in tropical, sub-tropical and temperate climates and thus it ranks third in terms

of world vegetable production. The leading tomato producing countries are China, United States

of America, India, Egypt, Turkey, Iran, Mexico, Brazil and Indonesia (FAO, 2006).

By use and culture, the tomato is considered a vegetable. Botanically, however, it is a fruit, and

among fruits it is a berry, since it is indehiscent (non-shedding), pulpy, and has one or more

seeds that are not stones. The principal commercial cultivars of tomato fruit are globular or

oblate in shape, but some of the special types may be elongated or pear-shaped. The weight of

the fruit may be a fraction of an ounce in cherry tomatoes, 4.5 to 6 or 7 ounces in table and

market cultivars, and 9 to 12 ounces in the largest canning types. In transection, the fruit has

from 2 to 25 locules (Salunkhe et al., 1974).

Tomato (Lycopersicon esculentum) is one of the significant fruit/vegetable crops popularly being

consumed all over the world. Tomatoes were consumed either fresh or as processed products.

Tomato is important for health and rich in several good compounds. It is also believed that it

gives protection from or reduces the risk of contracting chronic degenerative diseases. Tomato is

the principal source of lycopene in our diet. It had been found to be a significant potent

antioxidant with a quenching rate constant on singlet oxygen almost twice as high as that of β-

carotene. Regular consumption of tomato in our diet could provide protection against a broad

range of epithelial cancers and cardiovascular diseases. The consumers are sensitive to health

and diet, thus food product processors had provided an opportunity to enlarge the tomato

processing industry and established a market for pharmaceutical grade; thereby an added value to

tomato production was generated. The red pigment present in tomato is lycopene with healthy

properties and is a key carotenoid for the consumption of humans who care for their diet. There

is demand of lycopene in high-purity for use in food, cosmetics, human absorption, transport and

distribution in tissue metabolism. The improvement in quality of tomato attributes, towards the

contents of antioxidants, and various health factors related to this fruit/vegetable need to be

seriously considered. A higher level of antioxidant in the factory grade for fruit/vegetable is

desired during the processing processes for higher preservation of antioxidant activity (Husain,

2010).
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2.2 Tomato Biology

(i) Tomato Shape and Size

The shape of an individual tomato fruit is largely genetically determined, with some influence of

environmental and nutritional conditions. Tomato shape varies greatly, depending on the

cultivars; commonly fruits are elongated or pear-like, oblate, or spherical. Typically, processing

tomatoes are pear shaped; it is common to find globular and oblong fruits.

(ii) Tomato Anatomy

The tomato is a fleshy fruit, specifically, a berry. Most of the flesh or juicy tissue of the mature

fruit is derived from the placenta; the placenta constitutes the ovule-bearing region of the ovary

of the flower. Pericarp includes the skin, peripheral pericarp, radial arms, and columella.

Figure 1: The Anatomy of a Tomato Fruit

2.3 Classification of Tomatoes

(i) Classification by fruit type

Tomatoes can be classified either by fruit type or growth pattern characteristics. By fruit type,

the most commonly grown types are cherry, plum (Roma), and the common table varieties on the
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other hand classify tomatoes based on their fruit characteristics as the cherry tomatoes, beefsteak

type tomatoes, paste tomatoes, winter storage tomatoes and tomatoes classified by the color of

the fruit.

According to the U.S. Standards USDA, 1975, fresh market tomatoes are classified on the basis

of color, into six ripening stages. In California processing tomatoes are typically harvested when

90% of the field is at the red stage.

Table 1: USDA Tomato Classes

Score Class Description

1 Green Fruit surface completely green, varying from light to dark green

2 Breaker First appearance of external change in color; pink, red, or tannish yellow

color on not more than 10% of fruit surface

3 Turning Over 10% but not more than 30% fruit surface is red, pink, or tannish

yellow

4 Pink Over 30% but not more than 60% pinkish or red

5 Light Red Over 60% surface shows pinkish-red or red, but not more than 90% red

6 Red Over 90% red; desirable table ripeness

Note: All percentages refer to both color distribution and intensity.

(ii) Classification by growth pattern

Yeboah (2011) by growth characteristics agree on two types of tomato, determinate and

indeterminate. They describe determinate vine growth to mean that the plant will grow a certain

amount of foliage and then future growth is directed towards fruit production. They describe

indeterminate growth pattern plants as those that are generally vine and continue to grow new

stems and leaves throughout the growing season, along with fruit setting on a continuing basis.

The third group is semi-determinate with characteristics between the two types.

Determinate tomatoes, including both processing and fresh market types, are smaller and more

compact than indeterminate varieties. The indeterminate varieties are mostly used in field and

greenhouse production in areas where high quality fresh fruit are required for salad and when

there is adequate manual labor for staking the plants and picking the fruit over a prolonged
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marketing period (Workneh et al., 2012). Determinate, or bush, types bear a full crop all at once

and top off at a specific height; they are often good choices for container growing. Indeterminate

or tall varieties develop into vines that never top off and continue producing until killed by frost.

Most modern tomato varieties are smooth-surfaced, but older tomato cultivars (and some modern

beefsteaks) often show pronounced ribbing, a feature that may have been common to virtually all

pre-Columbian varieties. In addition, tomatoes come in colors other than red, including yellow,

orange, and pink, purple and nearly, though such tomatoes are not widely available in markets.

In Ethiopia, the crop is grown between 700 and 2000 m above sea level, with about 700 to over

1400 mm annual rain fall, in different areas and seasons, in different soils, under different

weather conditions, but also at different levels of technology (e.g. with furrow, drip or spate

irrigation) and yields (Gemechis et al., 2006). Tomato is a warm-season crop that is sensitive to

frost. An average daily mean of 20 to 24 °C is optimum for growth, yield and fruit quality. Fruit

set and quality are poor at temperatures below 12°C and 35°C. Hot, dry winds cause excessive

flower drop while continuous moist, rainy weather conditions result in the occurrence and spread

of foliar diseases. It is therefore recommended that tomatoes be grown in dry areas under

irrigation. Tomato has given good results when grown in well-managed sandy loams and heavy

clay loams free of hardpan but best results are obtained in deep, well-drained loams. The soil

should be rich in organic matter and plant nutrients, with a pH value of 6 to 7.

Smallholders have grown tomato for long time for their livelihood needs since the start of its

commercialization. Yet, average yield of tomato in Ethiopia is low, ranging from 6.5-24.0 MT

ha-1 compared with average yields of 51, 41, 36 and 34 MT ha-1 in America, Europe, Asia and the

entire world, respectively. Moreover, growers have been challenged by inconsistent production

and low yields. Improving smallholders’ tomato production would contribute to enhancing food

security and alleviating poverty (Gemechis et al., 2012).There is also a considerable gap between

commercial and home gardener varieties; home varieties are often bred for flavor to the

exclusion of all other qualities, while commercial varieties are bred for such factors as consistent

size and shape, disease and pest resistance, and suitability for mechanized picking and shipping.

Tomato cultivars also vary widely in their resistance to disease. Modern hybrids focus on

improving disease resistance over the heirloom plants. One common tomato disease is tobacco

mosaic virus, and for this reason smoking or use of tobacco products should be avoided around
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tomatoes. Various forms of mildew and blight are also common tomato afflictions, which are

why tomato varieties are usually marked with letters like VFN, which refers to disease resistance

to verticillium wilt, fusarium fungus, and nematodes.

Both Galilea and Shanty are type of determinate Roma varieties. The combination of very high

yield with very good heat setting and extremely high TYLCV resistance made the variety an

instant success. Today, shanty is one of the most successful TYLCV resistant, determinate Roma

varieties in the world. Galilea was developed for the very harsh growing conditions of central

Mexico in the area of sun Luis potosi. Galilea combines extremely high fruit quality with strong

plant and a very high yield. Naika et al., (2005), reported that weeds compete with the tomato

plants for light, water and nutrients. Sometimes they provide shelter for organisms that cause

tomato diseases, such as Tomato Yellow Leaf Curl Virus (TYLCV) and reduce the yield.

On occasion, tomatoes have been linked to foodborne illness caused by salmonella bacteria. Like

any other fresh fruit or vegetable, tomatoes can be contaminated by bacteria from soil, water, and

animal sources. Contamination from human sources may occur before, during or after harvest

right up to the point of consumption. Bacteria on the tomato’s skin can be transferred to its

internal flesh during cutting or slicing. Food poisoning outbreaks have occurred when poorly

washed utensils or cutting boards (especially those used to handle raw meats) have been used to

prepare fruits or vegetables. For this reason, it is important that to wash hands with soap and

water before and after preparing produce and use clean equipment, utensils and cutting surfaces

(Parnell et al.,2004).

2.4 Tomato Ripening

Ripening of tomato fruit involves dramatic changes in color, texture, aroma, flavor, and

composition. At the onset of ripening, following a rise in ethylene production, respiration begins

to increase and initial color changes occur in the locular region; chlorophyll is replaced by

carotenoids, mainly lycopene. Tomatoes typically ripen from the “inside-out”, that is, internal

color development and tissues softening precede changes in external color and firmness, and

ripening progresses from the central columella region down to the blossom end and up to the

stem scar. At the breaker and light-red stages α-and β-carotene reach peak concentrations; in the

ripe fruit lycopene accounts for 50 to 76% of the total carotenoid pigments (Barrett et al., 1998).
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2.5 Chemical Changes during Growth and Maturation

(Anthon and Barrett, 2010) reported that the chemical composition of fresh tomato fruits depends

upon factors such as cultivars, maturity, light, temperature, season, climate, soil fertility,

irrigation, and cultural practices. The relative concentrations of the chemical constituents of

tomato fruit are important in assessing the quality in respect to color, texture, appearance,

nutrient value, taste, and aroma. Compositional changes associated with ripening of tomato fruit

are:

Sugars

The soluble solids of tomatoes are predominantly sugars, which in turn are important

contributors to flavor. In general, the flavor of a fruit becomes pronounced when its sugar

content peaks. The free sugars, representing more than 60% of the solids in tomatoes, are mainly

D-glucose and D-fructose, with trace amounts of sucrose, a ketoheptose, and raffinose. In

general, the sugar content of tomato fruit is a function of the stage of maturity.

Starch

The starch content of tomato fruit depends upon maturity, cultivar, and ripening conditions, and

varies from 1-1.22% in immature fruit to 0.1- 0.15% in red-ripe fruit.

Pectins

The texture of the fruit is satisfactory only when pectase, calcium, and pectin are in sufficient

quantities. The loss of pectate from the middle lamellae is considered to cause softening of the

fruit as maturation progresses. Increases in soluble pectins during maturation coincided with a

progressive softening of fruit.

2.6 Overview of Fruits and Vegetables in the World

FAO (2007) indicated that fruit and vegetable production and consumption have grown

significantly since 1980. However, most of the growth took place in one country (China) while

consumption per capita is under the minimum recommendations in many countries. World trade

in fruits is expanding due to improved marketing and transportation/storage technologies and

growing demand for variety fruit and vegetable all year round, as well as changing consumer

habits. Over the last quarter of a century (1980-2004), the fruit and vegetable market has been
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one of the fastest growing of all agricultural markets. Global fruit and vegetables consumption

increased by an average of 4.5% per annum (p. a) between 1990 and 2004. This was higher than

the world population growth rate, meaning that the global per capita consumption of fruit and

vegetables has also increased.

According to World Health Organization, for the prevention of chronic diseases such as heart

diseases, cancer, diabetes and obesity, fruit and vegetable consumption should be at least 400g

per day per capita. If in 1992-94 only 40% of the countries reached this level, almost half of

them did so in 2002-2004. China stands behind the impressive growth of the fruit and vegetable

sector. Production there increased from an average of 88 million tons in 1982-84 to 486 million

tons two decades later, accounting for a massive 61% of the world's total fruit and vegetable

production growth in that period. Without China, world's fruit and vegetable production growth

drops from 94% to just 42% in the last two decades. Global production has mirrored the

consumption growth. Production of fruit and vegetables totaled roughly 1.35 billion tons in

2002-04, of which 0.5 billion tons fruits and 0.85 billion tons vegetables. The average yearly

growth of vegetables (4.2% p.a.) was almost double that of fruits (2.2% p.a.) during 1980-2004.

The quantity of fruit and vegetables traded as fresh products (including EU intra-trade) is more

than 5% of the total production, with fruit exports heading for the 10% mark, while the trade in

vegetables stagnates around 3%. In 2002-04, exports of fresh fruit and vegetables averaged 73

million tons, whereas exports of fruit and vegetables products (e.g. juices, dried, preserved and

prepared products) amounted to 30 million tons (FAO, 2007).

Strong growth rates in fruit and vegetable cultivation have also been recorded in food-insecure

and low-income regions such as sub-Saharan Africa and Southern Asia. Horticultural crop

production generates high economic returns per unit of land, offering promising income

prospects, especially for smallholders and in areas where land is scarce. In addition, horticulture

can contribute to poverty reduction by providing paid employment opportunities, because it is

labor intensive. Beyond their monetary value, fruits and vegetables play an important role in

improving diets. WHO estimates that low fruit and vegetable intake contributes to approximately

16 million disability-adjusted life years (DALYs, a measure of the potential life lost through

premature mortality and the years of productive life lost through disability), and 1.7 million

deaths worldwide are attributable to low fruit and vegetable consumption.
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WHO and FAO recommend a minimum of 400 g of fruit and vegetables per day – excluding

starchy root crops – for the prevention of chronic diseases such as heart disease, cancer, diabetes

and obesity, and for the prevention and alleviation of several micronutrient deficiencies,

especially in less developed countries. Meeting the rising global demand for fruits and vegetables

can create opportunities for poor farmers in developing countries, but improved supply chain

efficiency, lower post-harvest losses and investments in infrastructure will be necessary before

farmers in many of these countries can reap the full benefits of cultivating these highly

perishable crops (FAO, 2013). Despite the fact that many countries have a tomato processing

industry, this production is strongly concentrated and the tenth largest producing countries of the

world’s yearly production.

Table 2: Major Tomato Producing countries in the world

Rank Country Production in Tones

1 China 33,911,935

2 India 13,718,573

3 United States of America 10,965,452

4 Spain 10,313,520

5 Egypt 9,204,602

6 Turkey 5,976,732

7 Iran 4,826,851

8 Italy 3,922,179

9 Brazil 3,867,630

10 Mexico 2,936,347

Source: FAOSTAT data, 2015

The tomato (Lycopersicon esculentum Mill.) fruit is one of the most popular, as well as

important, commodities in the world. The major tomato growing countries are China, USA, Italy,

Turkey, India and Egypt is the leading producers of this crop. In the United States alone, it ranks

second only to potatoes in production among vegetable crops and contributes approximately 400

million dollars to the economy. As a processing crop, it takes first rank among the vegetables.
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Though the tomato was not recognized as a valuable food until about a century ago, its merit is

now universally accepted. It is often referred to as ‘the poor man's orange’ because of its high

vitamin, malic acid, and citric acid contents, and the fact that it serves as a fine appetizer. The

tomato is also popular because it is a most rewarding crop for the home garden since it grow well

practically everywhere, and it provides high nutrition in many forms such as raw in  salads,

cooked in soups, preserves, catsups, sauces, pickled and in other forms.

2.7 Overview of Fruits and Vegetables in Ethiopian Agro-Industry

Ethiopia has a comparative advantage in the processing of horticultural products due to its

favorable climate for the production of a variety fruits and vegetables. Furthermore, access to

regional and international markets due to its proximity to European and Middle Eastern countries

makes the country favorable for investors in the sector.

The fruit crops for industrial processing include pineapples, passion fruits, bananas, avocados,

citrus fruits, mangoes, mandarin, papayas, guava, grapes,  asparagus and vegetable crops of

economic importance such as  tomato, melon, pepper,  chilies,  onion,  carrot, green beans,  green

peas, cabbages,  okra, cauliflower, cucumber. The major vegetables produced for domestic

consumption are cabbages, tomatoes and garlic, while green beans and peas have recently

emerged as export crops.  At present, many private commercial farms and small-holding farmers

are producing these fruits and vegetables both for domestic and export markets.

Export market opportunities and the growing local demand for high quality packed vegetables

and fruits have grown. The production of processed fruits and vegetables such as tomato paste

and fruit juices for the domestic market and tomato and orange concentrate for export market are

viable areas of investment in the country.

Currently there are five fruits and vegetables processing plants in the country. These plants

process limited products, namely; tomato paste, orange marmalade, vegetable soup, frozen

vegetables and wine.  In general, processed products are mainly geared to domestic markets

however there is a scope for export market.
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Table 3: Capacity of Fruits and Vegetables Processing Plants in Ethiopia

No Name of

Processing Plant

Location Ownership Major Products Plant

Production

Capacity

1 Melge Wendo Food

Processing Factory

Melge Wendo

/Southern

Nations,

Nationalities

and Peoples

National

Regional State

Private

(foreign)

-Tomato paste

(850gm.can)

- Tomato paste

(410gm. can)

- vegetable soup

(240 gm.can)

*5,000 in a

single shift

operation of 8

hours per

working day

* 8,000 ´

*40,000

2 Gonder Food

Processing Factory

Gonder/Amhara

National

Regional state

Private

(foreign)

Tomato paste

(850gm. can) 1,250

3 Merti Processing

Factory

Merti/Oromia

National

Regional State

Private -Tomato paste

-Orange marmalade

4 Awash Winery Addis Ababa Private Wine 10.9 million

liters per year

5 Green Star Food

Company

(Ethiopian Branch)

Debre Zeit

/Oromia

Private

(foreign)

canned vegetable 9,990 tons

per year

*Source: 1. ELIFORA 2. Seifu Gebremariam (EARO), Status of Commercial Fruit production in

Ethiopian, 2007.

It is well known that processing plays an important role in the conservation and effective

utilization of fruits and vegetables. It converts perishable fresh products to more durable

processed products in cases of sluggish markets for the products. By generating rural

employment and foreign exchange earnings the sector contributes its share towards the

development of the country. Thus, the production and processing of horticultural crops,
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vegetables and fruits are given a high priority by the Government and various incentives have

been provided for investors investing in this sub-sector.

2.8 Current Status of Tomato Production in Ethiopia

Raw materials are the backbone of agro-industrial organizations (UNIDO, 2007). It accounts for

about 10% of the total cost of production depending on the enterprise. Two major processing

methods of tomato which yield a variety of products are the drying (dehydration) and wet

milling. Products of drying include dried tomato slices and powered tomato whereas wet milling

results in tomato paste, tomato jam, juice, etc. Tomato is one of the major vegetable crops

produced in Ethiopia, being highly perishable in nature; it has a limited shelf life. It creates glut

during it short production season and become very scarce and expensive during it off season, its

short life and inadequate processing and preservation leads to loss of revenue to the farmers.

United state is the second largest producer of tomatoes after China and yet in the US, Processed

tomato accounted for 89% of all tomatoes produced in 2008 yielding more than $2billion in

annual farm cash receipt (Adegbola et al., 2012).

Ethiopia has a comparative advantage in a number of horticultural commodities due to its

favorable climate, proximity to European and Middle Eastern markets and cheap labor.

However, the production of horticultural crops is much less developed than the production of

food grains in the country.

On average more than 2,399,566 tons of vegetables and fruits are produced by public and private

commercial farms, this is estimated to be less than 2% of the total crop production. According to

recent information obtained from the Central Statistics Authority, the total area under fruits &

vegetables is about 12,576 hectares in 2011. Of the total land area under cultivation in the

country during the same year, the area under fruits and vegetables is less than one percent (i.e.

0.11%), which is insignificant as compared to food crops.

Ethiopia’s economy is heavily dependent on agriculture. It accounts for about half of GDP, 90%

of exports, and 85% of total employment. Ethiopia stands third in the world and first in Sub-

Saharan Africa in terms of the share of GDP that stems from agriculture. Coffee generates 53%

of the export revenues with t’chat second. Other export commodities include oilseeds,

horticultural crops, livestock, and their products. The average share of horticultural crops from
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export earning remains meager, 1.27%. Out of the export quantity, Djibouti and Netherlands

account for 56% and 22% while the rest is exported to United Arab Emirates. Ethiopia also

exports some processed fruits and vegetables to Yemen, Saudi Arabia and other Middle East

countries. The two most important processed products are oranges (as canned or bottled orange

juice) and tomatoes (as ketchup, tomato paste and tomato concentrate). Of the Ethiopian

landmass of 111.5 million hectares, nearly two-thirds is viable for agricultural production. Proper

utilization of these resources might considerably improve the livelihood of the most populous

smallholder resource-poor farmers and pastoralists. Out of the viable land, only about 33% is

operated. About 96.8% of the total agricultural land is cultivated by smallholder farmers that

produce 97.6% of the agricultural output. Vegetables constitute 2.7% of the total area of all crops

in 2005(Jema, 2008).

2.9 Feasibility Study of Tomato Paste Production

Tomato is a very popular vegetable throughout the country and it is grown in many states. Apart

from use in vegetables, its downstream products like soup, concentrates, sauce, puree, ketchup

are also equally popular and they have a longer shelf life unlike fresh tomatoes. Tomato paste

and juice are processed products of fresh tomato usually consumed in households, restaurants

and institutions. Concentrated tomato juice, without seeds and skins and containing not less than

25 percent of solids is known as tomatoes paste. If the juice (pulp) is further concentrated so as

to contain 33% or more of tomato solids, it is called concentrated tomato paste. Tomato is

perishable and needs to be transported carefully to avoid damage during transit. With the advent

of new technology, many down the line products are made and are consumed round the year as

table enrichers.

2.9.1 Raw Material Availability

The most critical raw material will be fully grown and ripe tomatoes. The manufacture of tomato

paste and sauce can be undertaken when two basic conditions are met. These are availability of a

large and stable supply of fresh quality tomato, and the availability of a vast supply of water.

Since the quality of the paste that is produced will be determined largely by the quality of the

tomato used as raw material, great importance is attached to tomato cultivation itself.
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2.9.2 Market Study

Past Supply and Present Demand

Processed and canned tomato paste and tomato juice are consumed by urban households, hotels,

restaurants, hospitals and the like. These products are supplied both from domestic production

and imports. The sole domestic producer of tomato paste and juice is Merti Agro Processing

Industry under upper Awash Agro Industry Enterprise.

Table 4: Domestic Production of Tomato Paste and Import of Tomato Juice (Tonnes)

Year Domestic production of paste(tones) Import tomato juice(tones)

1999/00 2,424 15.5

2000/01 1,730 10.0

2001/02 555 6.1

2002/03 2,878 16.8

2003/04 1,846 8.3

2004/05 1,846 5.3

*Source: CSA, statistical Abstract of Ethiopia Customs Authority, Annual External Trade

statistic (2006)

Demand of Products

Domestic production of tomato concentrate in Ethiopia offers attractive investment

opportunities, with the existing producers unable to meet the ever growing local demand.

Ethiopia’s tomato processing sector represents untapped market potential for export to regional,

European and Middle Eastern Markets. Regionally, tomato is one of the commodities with the

most potential, especially as tomato concentrate is the most commonly used ingredient in African

cooking, Europe is facing change in the tomato industry with decoupling of subsidies in

European countries, resulting in increased costs for domestic production of tomatoes (EATA and

USAID, 2016).Tomatoes are available during the season at cheaper rates and prices start

shooting up during off-season. But main reason for these products becoming popular is their

extensive use as enrichers along with bread and other such preparations, in making some fast

food items like pizza, burger, hot dogs etc. and as additives with many food preparations. Hence,

these products are witnessing increase in demand year after year. They have already become
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popular in urban and semi-urban areas and are now making in-roads in rural markets as well.

Thus, there is a good scope for these products especially in semi-urban and rural areas.

Market Opportunities

Processed Fruits and vegetables have a large domestic demand market in Ethiopia with a

population of 90 million. There is a demand both in the local market and as well as the export

opportunity to the neighboring countries and the Middle East. The availability of raw material is

secured for wineries, tomato processing plants and vegetable canning factories which require

grapevine, tomato and various types of vegetables for processing.

In Ethiopia, fruit processing is mainly to extraction of fresh juice which is sold on the local

market. The Merti processing factory is producing fruit juice for the local market. At present, a

range of fruit juices are imported into the country. The demand for fruit juices on the local

market is high as indicated by the volume of imports. This is a strong indication of the existence

of investment opportunities in fruit juice processing for the local market (Ethiopian Investment

Agency, 2012). The most popular fruit juices imported into the country are shown below.

Table 5: The Volume and Value of Fruit Juice Imports in Ethiopia (2009 - 2011)

Fruit

juices

2009 2010 2011

Volume

(Kg)

Value

(Birr)

Volume

(Kg)

Value

(Birr)

Volume

(Kg)

Value

(Birr)

Orange 22,110 114,938 60,741 743,751 50,529 961274

Grape 5,689 179,980 3,971 66,311 31,001 413,495

Other 1,090 16,584 300,425 3,947,090 416,970 10,029,261

Pineapple 294,757 3,462,641 531,439 6,576,537 1,060,958 16,774,035

Tomato 951,920 9,022,271 1,509,352 20,671,644 1,558,240 22,283,409

Apple 430,398 6,004,336 381,461 6,964,263 586,445 10,125,950

Other 1,225 35,741 3,204 110,097 953,901 12,036,835

Mixtures 339,039 3,759,322 980,419 10,250,038 1,237,883 17,106,937

Total 2,046,228 22,595,813 3,771,012 49,329,731 5,895,927 89,731,196

*Source: Ethiopian Customs Authority, 2015

*Note: Exchange rage 1 US$ = 20.36 Birr (as of March 9, 2015).
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Ethiopia exports fresh fruits and vegetables to the international markets. The major markets for

Ethiopian fresh fruits and vegetables are the European Union, the Arab countries and the

regional markets. Ethiopia is very well known in Europe especially for green beans, climbing

beans, okra, melon and passion fruits.  The demand for Ethiopian wine is also high both in

domestic and export markets. These international markets are accessible for processed fruits and

vegetables. Therefore, the access for both local and international markets for processed fruit and

vegetable products is available (Embassy of the FDRE, 2015).

Tomato is one of the most important vegetable crops in Ethiopia supporting the livelihood and

improving the economic life of many tomato growers in the state. It is often called “poor man’s

orange” because they are good source of vitamins, particularly vitamin A and C. It is also a rich

source of natural lycopene, a carotenoid possessing anti-oxidative activity ( Purkayastha, 2011).

Fresh tomatoes and its processed products are highly refreshing and appetizing. It finds wide

application in day-to-day use for making curries, soups, salads, tomato cocktail, etc. Processed

tomatoes are used for making tomato juice, tomato powder, pickles or fermented tomatoes,

tomato flakes, chips, ketchup, puree, sauce, paste, etc.

The demand of tomato in the country is increasing day-by-day with the increase in population

and its preference for tomato. Growing consumer interest in the product both as a fresh fruit and

processed product has considerably broadened its market opportunities. Tomato has a limited

shelf life at ambient conditions and is highly perishable. Moreover, fresh fruit is not available in

all parts of the country throughout the year at uniform price. These growing market opportunities

have, however, necessitated that tomatoes be accessible in a more convenient format and thus led

to the development of technologies for the preservation and sale of the product especially in a

dry format. Nowadays, the nutrient content is another important factor that impacts on the

consumers’ choice for preserved products. Processing has tremendous impact on the retention of

nutrients and their availability in the body. Processing of tomatoes to a puree or paste is an added

value, as it frees lycopene from the tomato matrix, thus enhancing its bioavailability

(Purkayastha, 2011).

However, the wide individual variation in what human beings live on, led to noticeable changes

in eating behavior and in certain cases, it has posed substantial demand for new types of food.

The new demands include more types of food, less energy dense foods, less fat, less salt and
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more dietary fibers which leads to preference for so called ‘light’ foods, products with reduced

fat and energy. So there is a need to develop product with low calorie, low fat, high fiber and

antioxidant rich ready to serve/use tomato products. Tomato salsa is one such kind of product

with low calorie, high fiber, vitamin and mineral rich product. Tomato salsa is described as

having firm chunks of whole tomato suspended in an aqueous medium of fresh juice or pulp

fully blended with chopped ingredients such as onions, garlic, salt and acid (Aruna and Poonam,

2013).

Tomatoes are available during the season at cheaper rates and prices start shooting up during off-

season. But main reason for these products becoming popular is their extensive use as enrichers

along with bread and other such preparations, in making some fast food items like pizza, burger,

hot dogs etc. and as additives with many food preparations. Hence, these products are witnessing

increase in demand year after year. They have already become popular in urban and semi-urban

areas and are now making in-roads in rural markets as well. Thus, there is a good scope for these

products especially in semi-urban and rural areas.

Tomatoes are processed in manufactories to obtain products like puree, juices, ketchup, sauce,

and paste and tomato powder. The solid waste that remains after the juice/pulp extraction process

consists of skin, seeds, fibrous matter and cull tomato that are not suitable for human

consumption and usually used as the animal feed but processing of these by-products generates

substantial benefits. Seeds of tomatoes have in composition essential fatty acids, vitamins (A, D,

E and K), Phytosterols and other components with an important role in nutrients that play an

important role in the human health and diet.

2.10 Tomato Derived Products

Tomato juice contributes significantly to man’s nutrition in the diet as a breakfast juice or an

appetizer served at any meal of the day. It contains from 15 to 25 mg/100 g of vitamin C and has

four times the vitamin A content of orange juice. Like orange juice it contains considerable basic

ash, and on digestion leaves an alkaline residue. It is a good source of iron, manganese, and

copper. The attributes of quality in tomato juice, that is, flavor, color, consistency, and nutritive

value, are greatly influenced by variety, climate, cultural practice in the field, harvest procedure,

degree of ripeness at the time of harvest, length of storage before processing, washing and
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sorting, and each step of the processing procedure. Tomatoes used for juice production should

possess high color, rich flavor, and high total acidity (Gould, 1992).

Processed tomato concentrate is the product prepared by concentrating the liquid obtained from

substantially sound, mature red tomatoes. Tomatoes are consumed as such, canned or processed

into tomato ketchup, paste, puree, sauce and chutney. Tomato puree is tomato concentrate that

contains not less than 8%, but less than 24% of natural tomato soluble solids. Tomato paste is

tomato concentrate that contains 24% or more of natural tomato soluble solids (Codex Stan 57-

1981). Tomato ketchup is a very delicious and tasty product of tomatoes and can be prepared

from fresh tomatoes or from puree. Tomato sauce is a somewhat thinner tomato puree, and may

include seasonings and other flavorings so that it is ready to be used in other dishes or as a base

for other sauces. In principle, sauces can be made from almost any combination of pulped fruit or

vegetable, boiled with salt, sugar, spices and vinegar (UNIDO, 2004).

2.11 Tomato Paste Manufacturing Process

A plant producing hundreds of tons of fresh tomato every day requires a precise and constant

supply of fresh product (raw material), and this can be obtained in two ways: By organizing the

tomato harvesting and its delivery so that the exact amount arrives at the factory at the right time

(not too early or too late) and by installing pools in the plant. These cement tanks, usually 5 x

30m each, hold about 150 tons of tomatoes and 150 tons of water and act as stockpiles, providing

the processing line with a constant supply of product.

It is vitally important that the tomato processing line constantly operates at maximum capacity. It

is not possible to work at a much reduced capacity or – even worse – intermittently, or every

other day. In fact, every time the tomato processing line is shut down, all the machinery must be

cleaned, with the subsequent loss of several working hours, wastage of both a great amount of

water and a great deal of product contained in the evaporator.

Furthermore, fresh and ripe tomatoes cannot be kept waiting for processing in the store yard at

ambient temperatures of over 30°C for more than 24-48 hours, as this will cause an inferior

finished product quality and a lower Brix degree.
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Merti Tomato Paste processing line

Preparation of Raw Materials

The selection process was carried out based on the criteria of good quality, fully ripe fruits,

preferably plum varieties without infection mould or rot. Mature but not over-ripe fruit or

vegetables picked carefully to reduce puncturing, bruising etc. Transport in stackable boxes to

avoid crushing.

Inspection

During inspection mouldy, rotten, and badly damaged raw materials removed. Also remove all

visible foreign material (physical contaminants): leaves, stems, stalks, sticks and stones. Poor

quality raw materials produce poor quality, and perhaps unsafe, finished products.

Washing

Washing takes place with clean, potable water in a wash tank to remove surface contaminants

such as pesticide residues, insects, soil or dirt, etc. Fresh tomatoes arriving at the plant in trucks

are unloaded into a collection channel (also known as flume), a stainless steel or cement duct

into which a quantity of water 3 to 5 times higher than the amount of unloaded tomato is

continuously pumped. For example, a 10 tons/hour rate requires at least 30m3/hour of water.

Ayele (2009) reported that washing is a critical control step in the processing tomato products

with a low microbial count. A thorough washing removes dirt, mold, insects, Drosophila eggs,

and other contaminants. The efficiency of the washing process will determine the microbial

count in the final product. Several methods can be used to increase the efficiency of the washing

step. Agitation increases the efficiency of soil removal. The warmer the water spray or dip, up to

90oC, the lower microbial count, although warm water is not typically used because of

economical concerns. Lye or surfactants may be added to the water to improve the efficiency of

dirt removal; however, surfactants have been shown to promote infiltration of some bacteria into

the tomato fruit by reducing the surface tension at the pores. The washing step also serves to cool

the fruit. Since tomatoes are typically harvested on hot summer days, washing remove the field

heat, slowing respiration and therefore quality loss.
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Tomatoes are typically transported in a water flume to minimize damage to the fruit. Therefore,

tomato washing can be a separate step in a water tank or it can be built into the flume system. A

water tank also serves to separate stones from the fruit, since the stones settle to the bottom. The

final rinse step uses pressurized spray nozzle at the end of the soaking process. Flume water may

be either recirculated or used in a counter flow system, so that the final rinse is with fresh water,

while the initial wash is done with used water. In either system, the first flume frequently

inoculated rather than washes the tomatoes because all the dirt in the truck is washed into the

flume water. When the water is reused, high microbial counts on the fruit may result if careful

controls are not kept.

Chlorine is frequently added to the water. Chlorine will not significantly reduce the spores on the

tomato itself because the residence time is too short. However, chlorine is effective at keeping

down the number of spores present in the flume water. When there is a large number of an

organic material in the water, such as occurs in dirty water, chlorine is used up rapidly, so it must

be continuously monitored. During fluming to the next step, upright stakes may be place at

interval within the flume. Vines and leaves that have made it this far in the process are caught on

the stakes. Periodically, workers remove the trapped vines.

Sorting

Tomatoes are sorted by hand or roller on a sorting table to get similar color or maturity. Shape

and size are not important. A series of sorters are used in a plant. The first sorter, especially in

small plant, is an inclined belt. The tomatoes are off-loaded onto the belt. The round fruit rolls

down the belt and into the water flume. The leaves, sticks, stones, and rotten tomatoes are carried

up by the belt and dropped into a disposal bin.

Ayele (2009) reported that photoelectric color sorters are used in almost every plant to remove

the green and pink tomatoes. Those sorters work by allowing the tomatoes to fall between the

conveyer belts in front of the sensor. Unacceptable tomatoes are ejected by a pneumatic finger. A

small percentage of green tomatoes in tomato juice do not adversely affect the quality. Green

tomatoes bring down the pH, but do not affect the color of the final product. In addition, less

mature tomatoes result in a higher viscosity paste. Pink or breaker tomatoes are the problem,

however, because they decrease the redness of juice. Both pink and green tomatoes need to be
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removed from the whole peel or diced line. Size sorters remove excessively small tomatoes,

which would be undesirable in the can. The small tomatoes are diverted to the juice or crushed

tomato line. The final sorting step is to go past human sorters, who are more sensitive than

mechanical sorters. Employees remove extraneous materials and rotten tomatoes from sorting

tables. Sorting conveyors should require employees to reach no more than 20 inches, move no

more than 25feet/minute, and consist of roller conveyors that turn the tomatoes as they travel,

exposing all sides to the inspectors.

Coring and Trimming

The trimming can be used for the preparation of tomato juice, puree or ketchup of fairly good

quality. When tomato juice is made by the cold press method, the seeds are still good for raising

tomato plants. The seeds can be separated from the skin after drying the material and utilized for

the extraction of edible oil. Tomato seeds are also reported to be a good source of proteins and

amino acids.

In the past, tomatoes were cored by machine or, more frequently, by hand, to remove the stem

scar. Modern tomato varieties have been bred with very small cores so that this step is no longer

needed. Trimming to remove rot or green portions is not practiced in United States due to the

high cost of labor.

Chopping or Crushing

After trimming, tomatoes drop into the chopper for crushing prior to juice extraction. This means

tomatoes are cut into small pieces before boiling. The tomatoes are normally chopped to 0.040 to

0.060 inch prior to heating or breaking. Alternatively they may be crushed by means of wooden

roller crusher. They may be crushed under pressure, but this is not too efficient if the tomatoes

are firm ripe (Gould, 1992).

Pre-heating/Breaking

Tomatoes can be processed into juice by either a hot break or cold break method. Most juice is

made by hot break. The term Hot Break means that the fresh tomato is chopped when heated, at

temperatures ranging from 85 to 100°C, while Cold Break means that the fresh tomato is
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chopped at lower temperatures, ranging from 65 to 75°C. The difference between the two

products lies in the apparent viscosity, measured in Bostwick centimeters. The Hot Break

product is more viscous and therefore denser, and has an average Bostwick viscosity ranging

between 3.5 and 6 centimeters, while the Cold Break product is less viscous, therefore less

dense, and normally measures from 9 to 16 Bostwick centimeters in viscosity. The HB product is

usually used for ketchup and different sauces requiring a 28-30° Brix, while the CB is mainly

used for triple concentrate paste at 36-38° Brix, packaged in 500 or 1000 g cans for domestic

use.

In hot breaking the crushed tomatoes are boiled in their own juice in steam jacketed kettles or

aluminum pans for 3-5min to facilitate pulping. The process has the following advantages:-

 The tendency of the juice to separate into liquid and pulp can be overcome if the natural

pectin present in the seed and skin can be incorporated. During boiling pectin is released,

and this thickens the pulp.

 Heating sterilizes the juice partly thereby checking to some extent the growth of living

organisms which cause fermentation, etc.

 The yield of the juice is higher and does not separate upon standing than in cold breaking.

In Cold breaking the tomatoes are crushed and passed as such through a pulper. This process has

the following defects:-

 As compared to hot processing, the extraction of the juice is somewhat difficult, the yield

also smaller.

 Air gets incorporated in the juice in the process of extraction, and oxidizes vitamin C but

this product has a more natural tomato color and it has a fresher tomato flavor.

It is generally agreed that hot break produces a better-quality juice with respect to cooked tomato

flavor, and body. A heavier-bodied, more homogeneous juice is obtained by the hot break

method because heat destroys the pectic enzymes and permits more efficient extraction of pectin.

The heat stability of pectic enzymes, when subjected to thermal treatment, is therefore most

important.  Pectinesterase is less stable when subjected to heat than polygalacturonase (Gould,

1992). It should be pointed out that the activity of the pectic enzymes is greatly accelerated as the
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temperature is increased to about 140 to 150°F (60 to 66°C). Beyond this point, the activity is

retarded until inactivation is reached at a temperature of about 180°F (82°C).

The heated tomato pulp (fiber, juice, skin and seeds) is then conveyed via a special pump to an

extraction unit composed of two operating stations: a pulper and a refiner, equipped with two

sieves having different sized meshes. The first sieve processes solid pieces up to 1 mm, while the

refiner processes solid pieces up to 0.6 mm, depending on the type of sieve fitted on the machine

(the manufacturer can supply sieves with different sized holes if necessary). Two products

therefore come out of the extraction unit: refined juice for concentration and waste for disposal.

The average extractor yield varies according to different factors: the pulp’s temperature (a higher

temperature will mean an increased juice yield), the variety of tomatoes treated, and the type of

sieve fitted, the rotation speed and the shape of the rotor on each dejuicing body unit. On

average, however, the yield is about 95%. For example, if the extractor is fed with 100 kg of hot

pulp, it will produce 95 kg of juice and 5 kg of waste. In addition, there is also a hypothetical

product waste of about 1-3% from the grading stations. Therefore, 100 kg of tomatoes unloaded

from the trucks will produce about 93-94 kg of juice to be concentrated.

Evaporation

Ayele (2009) reported that situation of evaporation when juice was concentrated to paste. If the

final product is not juice, the juice is next concentrated to paste. Concentration occurs in forced

circulation, multiple effect, and vacuum evaporators. Typically, three or four-effect evaporators

are used, and most modern equipment now uses four effects. The temperature is raised as the

juice goes to each successive effect. A typical range is 48- 82oC. Vapor is collected from later

effects and used to heat the product in the previous effects, conserving energy. The reduced

pressure lowers the temperature, minimizing color and flavor loss. The paste is concentrated to a

final solids content of at least 24% NTSS (natural tomato soluble solids) to meet the USDA

definition of paste. Commercial paste is available in a range solids contents, finishes, and

Bostwick consistencies. The larger the screen size, the coarse the particles and the larger the

finish.

At this point the refined juice is collected in a large tank which constantly feeds the evaporator.

This tank is equipped with maximum and minimum level indicators-adjusters which control the
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pump supplying juice to the evaporator. The juice in this storage tank is fed to the evaporator

which automatically regulates juice intake and finished concentrate output; the operator only has

to set the Brix value on the evaporator’s control panel; during normal working conditions, the

evaporator does not require any further regulations. The juice inside the evaporator passes

through different stages (also called effects) where its concentration level will gradually increase

until the required density is obtained in the final stage or “finisher”. Here the tomato paste is

automatically extracted via a pump controlled by an electronic refractometer.

The traditional process for concentration of liquid foods are based on the principle of “boiling

off” some of the constituent water under reduced pressure (the term evaporation is often

synonymous to concentration in this case). The evaporation is carried out under partial vacuum

to minimize heat damage to the many heat-sensitive food components and to reduce the energy

needs to the process. The simplest production units, the single-effect evaporator, are relatively

inexpensive to install, but the operating costs are high and productivity is low. The latent heat

requirements for the evaporation are usually supplied by condensing steam. Due to higher

production economy, multiple-effect evaporators use the water vapor produced in one

evaporation stage as the energy source in the next effect after appropriate evaporation to a higher

energetic level by “thermo-compression” (enrichment with fresh steam) or, recently, by

“mechanical compression” with a steam compression. The installation cost of multiple-effect

evaporators increases with the number of stages, but the effectiveness and operation economy

improve substantially. Often the vapors generated in the food concentration process carry various

volatile compounds characteristic of the given food flavor; in some cases, the flavor volatiles are

stripped from the vapor and returned to the finished product (Ayele, 2009).

The entire concentration process takes place under vacuum conditions and at low temperatures,

significantly below 100°C. Product circulation inside the various concentric tubular exchangers

is carried out by special stainless steel pumps which are designed to ensure that the product is

conveyed inside the exchanger tubes at a speed of over 1.2 m/sec to avoid “flash evaporation”

thus avoiding to get burnt. Evaporator output is measured in liters of evaporated water per hour

while concentrating tomato juice with an initial 5°Brix concentration and producing tomato paste

double concentrate at 30° Brix. All the tomato juice evaporators are designed according to these

parameters. The evaporative capacity of tomato juice concentrators is greatly influenced by the



AJ. Msc. thesis, 2016 Page 30

viscosity level. If the tomato paste has a low Bostwick value, then the concentrator’s output level

will also be low; on the other hand, a higher Bostwick value means an increased output level. It

is therefore fundamental to know if the productivity data supplied by a manufacturer refers to

HB or CB finished products.

Pasteurization

The concentrate is sent from the evaporator directly inside the aseptic system tank. From here it

is pumped at high pressure inside the aseptic pasturizer-cooler and then to the aseptic filler,

where it is filled into pre-sterilized aseptic bags housed in metal drums. The pasturization

temperature and the holding time vary according to the product’s pH value. Generally speaking,

a product with a pH value equal to or less than 4.2 could have a pasteurization temperature of 92-

94°C measured at the end of the holding section, and a holding time of at least 60-90 seconds.

On the other hand, if the pH value is greater than 4.2, it is advisable to acidify the product in

order to bring it to about 4.1, improving taste and final product quality, tank also to the reduced

pasteurizing temperatures/time.

The pasteurilized tomato paste is cooled down to about 35-38°C before being piped into pre-

sterilized aluminum bags housed in special metal or plastic bins via a special aseptic filler. The

packaged concentrate can be kept up to 24 months depending on its pH value and ambient

conditions. When storing for over 12 months, it is however advisable to conserve it in

refrigerated cells, more to reduce oxidization, which could cause darkening than to protect the

product’s aseptic quality.

Labeling

The legal requirements are that a label should contain the following information: Name and

address of the producer, name of the product, list of ingredients (in descending order of weight),

net weight of product in the package, a ‘use-by’ or ‘sell-by’ date.

2.12 Physicochemical Characteristics of Tomato

The Physical attributes of the raw tomatoes (size, weight, pericarp, wall thickness, color) and

processed paste quality (pH, titratable acidity, soluble solids, Bostwick consistency, serum

viscosity, color) were determined. Large variations in physical attributes and paste quality were
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observed in selected tomato cultivars and maturities. In general, most of the attributes indicative

of the paste quality were more desirable at a less mature (e.g., pink) stage and declined with

maturity.

Gloud (1992), described that majority of tomatoes are consumed in the form of industrially

processed products. Tomato fruit is processed in a large variety of products such as tomato juice,

canned tomato, tomato ketchup, tomato soup, tomato paste, tomato pulp and tomato puree. More

than 80% of the processing of tomatoes was done by hot pulping method resulting in discolored

tomato pulp with low viscosity level.

The chemical constituents are concerned in the quality of tomato fruit in respect to color, texture,

flavor, nutritive value, and wholesomeness. In general, high sugar contents, redness of color, and

firm texture are associated with prominence of rich flavor. Biochemical changes as influenced by

growth, maturation, and environment of tomato fruit.

Tomato and tomato products made its attention even in terms of value of micronutrients existing

at low concentration. Apart from contributing nutritive elements colour and flavour to the diet,

tomatoes are also a valuable source of antioxidants, or chemoprotective compounds, and may

thus be termed a “functional food”. The antioxidant potential of tomato is derived from a mixture

of antioxidant biomolecules, including lycopene, ascorbic acid, phenolics, flavonoids and

vitamin E, and is especially high in cherry tomatoes. Because of their importance to human

health, antioxidants may be considered a valuable quality attribute of tomatoes and it is

important to minimize losses of these compounds during the postharvest period (Chattopadhyay,

et al., 2013).

Apart from the nutritional and antioxidant vitamin contents, sugars and organic acids, which

form a substantial fraction of tomato dry matter, are relevant more to taste attributes than to the

nutritional value of tomato, with tomato antioxidants playing a major role in the latter aspect.

Quality and flavour of the processed products depend on chemical components like reducing

sugar, acidity, ascorbic acid, lycopene, ß-carotene, TSS and total sugar which has been reported

to vary greatly with variety. The desirable qualities for a tomato cultivar to be used for

processing includes high total soluble solids (4-8° Brix), acidity not less than 0.4%, pH less than
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4.5, uniform red colour, smooth surface,  free from wrinkles, small core, firm flesh and uniform

ripening (Chattopadhyay, et al.,2013).

2.12.1 Nutritional Composition of Tomato

Nasir et al., (2015), showed that the nutritional composition of tomato was described as below:

Water content of tomato is quite high and is about 93-95%. The solid matter content of tomato

ranges from 5.5-9.5% of which about 1% is seed and skin (on fresh weight basis). There are a

number of reasons behind this varied range of solids percentage in tomato composition, like

variety, rainfall, soil characteristics and irrigation. The insoluble solids in tomato juice ranges

from 15-20% of total solids and mainly composed of lignin cellulose and pectin. Free sugars

constitute the main part of soluble solids.

The reducing sugars are predominant free sugars of tomato. Sucrose is found in tomatoes in very

negligible quantity and is not more than 0.1%. The glucose and fructose are main reducing

sugars that make up 50-65% of tomato solids. The total sugar content of tomato varies from

2.19-3.55%. Tomato contains more fructose than glucose (54:46). Tomato contains various

polysaccharides like xylan, pectin, cellulose, arabinoxylan and arabinogalactan. These

polysaccharides are about 0.7% of tomato juice. Among polysaccharides, arabinogalactans and

pectin are in highest amount and constitute about half of total polysaccharides present, while

cellulose and xylans are 25 and 28% of total polysaccharides, respectively.

Citric acid as citric monohydrate is the dominant acid in tomato. Tomato also contains a small

fraction of other acids like succinic, oxalic and tartaric acid. The amino acid profile of tomatoes

shows that it contains nineteen amino acids. Amino acid that is in highest concentration in

tomato juice is glutamic acid, and is almost half of its total amino acid contents. Aspartic acid is

the second most abundant amino acid after glutamic acid. Tomato juice is deficient in proline.

Iron is the most important among the minerals present in tomato, in term of providing adequate

nutrition. Tomato contains iron that is more bioavailable because of ascorbic acid, that is present

in appreciable quantity in tomato and keep the iron in its reduced form. A glass of tomato juice

can meet 10-20% recommended daily allowance of iron.

Antioxidants that are present in tomatoes are vitamin C (160-240mg/kg), provitamin A carotenes

(6-9mg/kg), lycopene (30-200mg/kg), phenolic compounds like flavonoids (5-50mg/kg) and
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phenolic acids (10-50mg/kg). Tomatoes contain vitamin E, which ranges from 5-20mg/kg of

tomatoes. Some important minerals are also present in tomatoes, which are essential for the

synthesis of some antioxidant enzymes. Among these minerals, zinc ranges from 1-2.4mg/kg,

copper 0.1-0.9mg/kg and manganese 1-1.5mg/kg of tomatoes. Red tomatoes contain 25mg

ascorbic acid/100g of tomatoes by weight. In this way, tomatoes are a valuable source of

ascorbic acid that helps to protect our body from various diseases.

2.12.2 Behavior of Nutrients during Tomato Processing

Nasir et al., (2015), reported that the behavior of nutrients during tomato processing as follows:

a) Amino acids

Processing of tomato juice at temperature above 100 °C for 20 minutes causes remarkable rise in

amino acid contents owing to partial hydrolysis and protein denaturation. The highest increase in

the concentration was found in glutamic acid followed by aspartic acid, threonine and alanine.

Some amino acids like glutamine and asparagine lost completely during processing due to their

conversion into respective acids.

b) Vitamins

Ascorbic acid is destroyed in tomato processing, mainly by oxidation. Several factors affect the

rate of oxidation of ascorbic acid such as dissolved copper, oxygen, enzyme and processing

temperature. Studies have shown that destruction of ascorbic acid is directly related with

temperature and air. Later work showed that retention of ascorbic acid for both pre-heating

processes (hot and cold) is almost same if the juice is not held in open air at a higher temperature

for a considerable time period. Prolonged heating of tomato juice in open air causes the

destruction of retinol and some vitamins of B group.

c) Lycopene

Information regarding the effect of processing on lycopene showed that lycopene is quite stable

in tomato processing and storage. Lycopene may be degraded by long term exposure to oxygen,

low water activity and quite high processing temperature. However, researchers substantially

agree that this compound is very stable in commercial production/processing, in term of both

degradation and isomerization.
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d) Reducing sugars

During heat treatment, the amount of reducing sugar decreases due to various chemical reactions

like caramelization, Maillard reaction, and the formation of 5-hydroxymethyl furfural. The

amount of sugar lost depends on the type of the process used. Studies have reported as much as

19% loss of reducing sugars in processed tomato juice.

e) Acids

The acid content of tomato increases during its processing into juice. An increase in the

concentration of acetic acid was observed up to 32.1%. There may be several reasons for this

increase in acid content like oxidation of alcohols, aldehyde and some other compounds. It is

considered that breakdown of amino acids into its respective components is the major reason of

increased acid content in processed tomato. An increase in other acids like citric and malic was

also observed in tomato juice. Researchers found that the acidity of hot break juice is less than

the cold break juice and the pH of hot break juice was higher than cold break juice.

The effect of processing on sensory properties of tomato

Nasir et al., (2015), investigates the effect of processing on sensory properties tomato as

described below:

i. Color

During processing, color of tomato paste may be slightly darkened due to initiation of browning

reactions. These reactions are not so important in term of decreasing quality because they cause

the red pigment formation that eventually adds up red color of tomato paste. There are a number

of reactions that cause browning of tomato paste like Maillard reaction and caramelization.

Caramelization may occur due to high temperature during processing. However, the Maillard

reaction is not a major issue during processing of tomato juice into paste. Ascorbic acid is in

considerable amount of tomatoes and its breakdown during processing is considered as a main

factor to darken serum color. However, browning can be minimized, by decreasing pH and

temperature during processing.



AJ. Msc. thesis, 2016 Page 35

ii. Flavor

Processing alters completely the aroma of processed tomato from the fresh ones. It may be due to

loss of compounds that are volatile in nature due to high temperature during processing or due to

formation of new compounds. Processing of tomato juice at higher temperatures in open air

causes the production of terpenes due to the oxidation of carotenoids. Some sulphurous and

carbonyl compounds can also produce during processing as a result of the Maillard reaction. Cis-

3-hexenal and hexenal, important compounds that give typical tomato flavor lost during

processing. Conversion of Cis-3-hexenal to trans-2-hexenal is an important factor that

contributes towards loss of tomato flavor. Cooked odor in processed tomato may be contributed

by the compounds formed through the breakdown of sugar and carotenoids. Dimethyl sulphide is

the major contributor to the aroma of heated tomato products. Lipoxygenases that gives typical

flavor to tomato are degraded during the heating process.

2.12.3 Firmness

A fruit may change in texture during maturation, especially during ripening when it may become

rapidly softer. Excessive loss of moisture may also affect the texture of crops. These textural

changes are detected by touch, and the harvester may simply be able to gently squeeze the fruit

and judge whether the crop can be harvested. Today sophisticated devices have been developed

to measure texture in fruits and vegetables, for example, texture analyzers and pressure testers;

they are currently available for fruits and vegetables in various forms. A force is applied to the

surface of the fruit, allowing the probe of the penetrometer or texturometer to penetrate the fruit

flesh, which then gives a reading on firmness.

Hand held pressure testers could give variable results because the basis on which they are used to

measure firmness is affected by the angle at which the force is applied. Two commonly used

pressure testers to measure the firmness of fruits and vegetables are the Magness-Taylor and UC

Fruit Firmness testers. A more elaborate test, but not necessarily more effective, uses instruments

like the Instron Universal Testing Machine. It is necessary to specify the instrument and all

settings used when reporting test pressure values or attempting to set standards.
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Figure 2 All Purpose Fruit Firmness Tester, Penetrometer, Sclerometer

2.12.4 Texture

Barret et al., (1998), reported that the textural modification of processing tomatoes as discussed

below: Tomatoes are unique fruit vegetables composed of varied types of tissues that play a

critical role in the perception of texture. Tomato products represent an increasing proportion of

the U.S. diet and provide an essential source of Vitamin C, potassium, and antioxidants

(primarily lycopene).

Knowledge of the textural properties of processing tomatoes is crucial to ensuing product accept-

ability; measurement, control, and optimization of these properties through judicious selection of

varieties and control of unit operations results in products that the consumer prefers. The textural

properties of processing tomatoes may be measured using both sensory and objective tests, and

the latter may be either destructive or nondestructive in nature. The unique anatomy of tomato

fruit (peel, pericarp, columella, and locules) in part dictates the method of texture measurement.

Numerous factors, including variety, maturity, genetic modification, cultural particles, and

environmental conditions, processing conditions, and calcium addition affect the textural

integrity of tomatoes.
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The textural properties of a food are the “group of physical characteristics that arise from the

structural elements of the food are sensed by the feeling of touch, are related to the deformation,

disintegration, and flow of the food under a force, and are measured objectively by functions of

mass, time, and distance” Textural properties may serve as an indicator of maturity or

processability to the food processor and of eating quality to the consumer.

The terms texture, rheology, consistency, and viscosity are often used interchangeably, despite

the fact that they describe properties that are somewhat different. In practice the term texture is

used primarily with reference to solid or semi-solid foods such as whole peeled and diced

tomatoes, rather than liquids. Rheology may be defined as the study of deformation and flow of

matter or the response of materials to stress. Rheology is a science that involves evaluation of

foods and other materials that are both solid (do not flow) and liquid (flow). Consistency refers

to non-Newtonian fluids or semi-solids (sauces, purees, pastes) with suspended particles and

dissolved long chain molecules. The term viscosity is used primarily to describe liquid foods

such as tomato juice and is defined as “the internal friction of a fluid or its tendency to resist

flow”. Viscosity and consistency differ from texture in that the latter typically requires forces

greater than gravity to effect flow or deformation. Raw and processed tomatoes may be

described in terms of their general rheological or textural properties, which include consistency

and viscosity.

Factors Affecting Tomato Texture

Factors that affect the textural properties of processing tomatoes may be categorized as either

production-related or tissue-specific factors.

Production-related factors include: (1) cultivar or variety, (2) maturity at harvest and degree of

ripeness, (3) cultural practices, including use and type of fertilizer, application of certain

hormones, amount of water and degree of sun exposure, and (4) environmental stresses on the

tomato plant prior to harvesting, such as drought, salinization, and water, chilling, and freezing

stresses.

Tissue-specific or structure related factors include: (1) chemical composition of the cell wall, and

spatial organization and interaction of the constituent macromolecules in the formation of this

structure; (2) activity of softening-related enzymes such as polygalacturonase, pectin methyl
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esterase and various hydrolases; (3) turgor pressure, as dictated by water status, presence of salt

gradients and/or cell membrane integrity; (4) cell shape and size distribution; larger cells tend to

have greater strain in their walls and are thus somewhat more susceptible to cracking or fracture

after application of an external load or with increasing turgor; (5) the amount and distribution of

intercellular spaces; and (6) the proportion and arrangement of specialized tissues such as

vascular, epidermal, and locular tissues. In addition, the temperature at the time of testing

critically affects firmness of both raw and processed products; therefore, measurements should

be conducted in a narrow temperature range.

Effects of Variety and Maturity

Both tomato variety and the stage of maturity at which the fruit is picked are extremely important

factors influencing the textural properties of processing tomatoes. With the design of the

mechanical tomato harvester in the late 1960s, tomato breeders were required to develop

varieties that would withstand the additional rough handling incurred during harvest. Thicker

pericarp walls, more pericarp tissue, and fewer locules ensured the structural integrity of tomato

fruit, and correspondingly resulted in increased the insoluble solids content such that

improvements were realized in consistency.

Effects of Cultural Practices and Environmental Conditions:

 Temperature

In an excellent review on tomatoes, (Barret et al., 1998) reported that tomato fruit firmness is

strongly affected by environmental conditions. Ethylene production, polygalacturonase activity,

lycopene, and carotenoid synthesis are all inhibited at temperatures in the range of 30 to 40°C.

At the other end of the spectrum, tomatoes are also sensitive to freezing (–1°C) and chilling

temperatures (above –1°C and below 12.5°C). Symptoms of freezing injury include a water-

soaked appearance, softening, and drying of the gelatinous locular material. The severity of

chilling injury depends on the exposure temperature and time. Chilling is more likely to occur in

green rather than red ripe tomatoes, but symptoms are more noticeable after transfer to ripening

temperatures. Symptoms of chilling injury include failure in fruit ripening, irregular ripening,

and premature softening, surface pitting, seed browning, and increased decay.
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 Water and Nutrients

Tomato fruit size is dramatically influenced by water and water stress will result in a shorter fruit

growth period. Fruit size, sugar concentration, and acidity have also been shown to increase in

glass house studies when plants are fed a nutrient solution with high electrical conductivity (e.g.,

salt concentration). Under these conditions, dry matter accumulation rather than water was

affected and both sugar concentration and acidity were increased. Water absorption results in

individual cell expansion, which causes internal turgor pressure to increase. In immature cells,

turgor pressure goes up in relation to both water uptake and the strength of cell walls, which

counteract and balance the internal pressure buildup. On a larger scale, cell size increases are

responsible for fruit expansion and may lead to undesirable cracking of the skin, especially in

cases of water stress.

The three most important nutrients to tomato development and therefore textural integrity are

nitrogen, phosphorous, and potassium. Nitrogen may influence both fruit quality and harvest

maturity. Some reports indicate that high rates of nitrogen application may result in lower

soluble solids and blotchier ripening, more yellow eye and poorer machinability. Phosphorous

affects fruit quality by stimulating roots growth, promoting a sturdy stem and healthy foliage.

Potassium is important to tomato fruit acidity, color, and shape. Potassium represents 85% of the

total cation composition of tomatoes, and at high fruit levels acidity increases and color and

shape improve. At low potassium levels, the growth period of the tomato fruit is shortened and

fruit will be both smaller and less dense.

 Ripening Associated Softening

The textural characteristics of a particular plant tissue are dependent on the cell turgor; cell

anatomy (shape, size); proportion of intercellular spaces; the chemical composition of the cell

wall and middle lamella, as well as the special arrangement of all the polymers constituent of the

whole wall structure. Fruit texture is affected by many factors, such as fruit variety; ripening

stage at harvest; agronomic practices; and postharvest handling conditions. Fruit softening can be

a consequence of loss of turgor (such as occurs in dehydration), breakdown of starch (as happens

during ripening of the banana fruit), or degradation of polymer constituents of the cell wall.
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Effects of Genetic Manipulation

Over the last 10 to 15 years a great deal of work has been dedicated to the use of transgenic

tomatoes for more precise definition of the role(s) of certain enzymes in the tomato softening

process. Transformation of antisense gene constructs for both polygalacturonase (PG) and pectin

esterase (PE) has advantages over the use of ripening mutants, which may exert pleiotropic

effects on overall ripening behavior. To date, significant improvements in textural properties do

appear to have resulted from these genetic manipulations, while differences in general

appearance, color, and flavor are not obvious.

 Thermal Processing Associated Softening

In raw produce physiological processes maintain cell turgor pressure, which imparts textural

characteristics, such as crispness among others, to fruit and vegetables. As a consequence of

thermal processing the hydrostatic pressure responsible for maintaining turgor is absent in

processed plant tissues, and usually they are softer than the original raw produce. The chemical

changes affecting texture that take place during thermal processing affect the constituents of the

cell wall and middle lamella, mainly the pectic polysaccharides. The textural changes that

tomatoes can undergo during processing can be enzymatic and/or chemical.

2.12.5 Factors Affecting Tomato Yield and Quality

A number of factors affect the yield and quality of tomato fruits of which genotypic variability is

the most important one (Workneh et al., 2012). The differences in crop environmental

conditions, lack of high yielding varieties and cultural practices applied to the crop on the field

also affects. The shortage of varieties and recommended information packages, poor quality

seeds, poor irrigation systems, lack of information on soil fertility, disease and insect pests, high

postharvest loss, lack of awareness of existing improved technology and poor marketing systems

are the major constraints in Ethiopian tomato production (Regassa et al., 2012).

Factors like the cultivar of the tomato and the processing conditions introduce great variation in

the quality of the paste. These variations pose difficulties in achieving a consistent paste quality

during production. As a quality control routine, pastes are sampled from each production batch

and a range of quality factors are tested; these include color, soluble solids content, pH, acidity

and consistency. Because the classification of tomato products, e.g., paste or puree, is done



AJ. Msc. thesis, 2016 Page 41

according to its soluble solids content, it is a key characteristic of tomato products. During

evaporation, the real-time value of the soluble solids helps to determine the end point of the

processing. In addition, the flavor of tomato paste is closely associated with the soluble solids

content and titratable acidity (Zhang et al., 2013).

Among all factors, consistency is a major quality component of tomato paste, sauce and ketchup,

determining the rheological properties of the intermediate and final products. Consistency

describes the flow property of non-Newtonian fluids with suspended particles and dissolved long

chain molecules. The consistency of the paste is typically evaluated using a Bostwick

consistometer. This empirical method is widely used in the tomato industry, and USDA has

established quality standards for tomato products based on the consistency as measured by the

Bostwick consistometer (Zhang et al., 2013).

2.13 Tomato By products

Tomato seed is the major by-product of the tomato paste manufacturing industry that produce is

about 71%-72% from total waste production. Tomato pulp primarily consists of skin and seeds.

It is a lignocellulosic based that often creates disposal difficulty. Several unit operations such as

drying, grinding, squeezing and filtrating were used to obtain tomato seed oil from tomato seeds.

Tomato oil was extracted from the seeds with hexane as a solvent. The extraction rate increased

as solvent flow rate increased. Tomato seed meal, the main by product during tomato oil

production, could be used as animal food (Fahimdanesh and Bahrami, 2013).

The textural properties of tomato by-products are described as lycopene quantification, textural

analysis, physicochemical composition, lycopene concentration, color properties, and textural

properties (Barret, et al., 1998).

2.14 Tomatoes Health Benefits

Tomatoes can make people healthier and decrease the risk of conditions such as cancer,

osteoporosis and cardiovascular disease. People who ate tomatoes regularly have a reduced risk

of contracting cancer diseases such as lung, prostate, stomach, cervical, breast, oral, colorectal,

esophageal, pancreatic, and many other types of cancer. Some studies show that tomatoes and

garlic should be taken together at the same time to have its cancer preventive effects (Bhowmik

et al., 2013).
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Tomatoes contain all four major carotenoids: alpha- and beta-carotene, lutein, and lycopene.

These carotenoids may have individual benefits, but also have synergy as a group (that is, they

interact to provide health benefits). The red pigment contained in tomatoes is called lycopene.

This compound appears to act as an antioxidant, neutralizing free radicals that can damage cells

in the body. Tomatoes contain all three high-powered antioxidants: beta-carotene (which has

vitamin A activity in the body), vitamin E, and vitamin C. Lycopene is a vital antioxidant that

helps in the fight against cancerous cell formation as well as other kinds of health complications

and diseases. Free radicals in the body can be flushed out with high levels of lycopene, and the

tomato is so amply loaded with this vital antioxidant that it actually derives its rich redness from

the nutrient (Bhowmik et al., 2013).

Lycopene is a carotenoid that can only be synthesized by plants and not by animals. It is an

acyclic isomer of β-carotene, but without vitamin A activity. It is a straight chain hydrocarbon,

which is highly unsaturated and contains two non-conjugated and 11 conjugated double bonds.

Recently, it is getting more attention due to its antioxidant properties. In contrast to other

carotenoids, it is present in a very limited number of fruits and vegetables. The most common

sources of lycopene are tomato, watermelon, pink guava, pink grapefruit and apricot. Tomato

and processed tomato products are a good source of lycopene. Its quantity is affected by tomato

variety and ripening stage (Nasir et al., 2015).

Lycopene is poorly absorbed in its natural trans form that is present in raw tomatoes. Recently,

many studies have shown that heat processing of tomato into various products like tomato paste,

ketchup and sauces induce isomerization of lycopene from trans to cis configuration and hence

increases its bioavailability. A negligible increase in plasma lycopene level was observed after

consumption of unheated tomato juice. However, when oil was mixed with heated tomato juice

and consumed, then plasma lycopene concentration was found to increase after 24-48hr of

ingestion. Lycopene absorption and its bioavailability depend upon fat content of the meal,

processing of lycopene containing food and heat induced isomerization (Nasir et al., 2015).

2.15 Quality and Safety Control

Investigations in food science and technology, whether by the food industry, governmental

agencies, or universities, often require determination of food composition and characteristics.

Trends and demands of consumers, the food industry, and national and international regulations
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challenge food scientists as they work to monitor food composition and to ensure the quality and

safety of the food supply. All food products require analysis as part of a quality management

program throughout the development process (including raw ingredients), through production,

and after a product is in the market. In addition, analysis is done of problem samples and

competitor products. The characteristics of foods (i.e., chemical composition, physical

properties, and sensory properties) are used to answer specific questions for regulatory purposes

and typical quality control. To market safe, high quality foods effectively in a national and global

market place, food companies must pay increasing attention to government regulations and

guidelines and to the policies and standards of international organizations (Nielsen, 2009).

Major Prerequisite for ensuring food quality and safety is that all stakeholders in the food supply

chain recognize that primary responsibility lies with those who produce, process and trade food

and that public control should be based on scientific risk assessment. Operator’s responsibilities

cover the whole food supply and marketing chain from primary production to final consumption

and encompass all actors in exporting and importing countries. The food supply chain and

operators’ responsibility for food quality and safety are GAP, GDP, GMP and GHP (e.g

HACCP) that reduce possible hazards associated with the produce throughout the production and

distribution chain (Will and Guenther, 2007).

The GMP regulations define requirements for acceptable sanitary operation in food plants and

include the following relevant to food processing:

1. General provisions that define and interpret the detailed regulations

2. Requirements and expectations for maintaining grounds, buildings, and facilities

3. Requirements and expectations for design, construction, and maintenance of equipment

4. Requirements for production and process controls

5. Defect action levels (DALs) for natural and unavoidable defects

HACCP is an internationally recognized systematic approach that is used to prevent and/or

control microbial, chemical, and physical hazards within the food supply. The “farm to the fork”

approach was originally designed to be used by the food processing industry to produce zero

defect (no hazard) food for astronauts to consume on space flights (Nielsen, 2009).
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The HACCP approach begins with a description of the food being produced. A flow diagram of

the process is developed to further describe the process used. For each step in the process flow,

the HACCP program approach is based on seven principles identified below:

1. Determine potential microbial, chemical, and physical hazards in each step of the process

flow.

2. Identify critical control points in the process.

3. Establish control limits for each critical control point.

4. Establish procedures to monitor control points.

5. Establish corrective actions when limits of control point are exceeded.

6. Establish program to verify and validate efficacy of program.

7. Establish appropriate system of record keeping

Quality Assurance

All fruit and vegetable products should have a marketable quality and also be safe for consumers

to eat. Even at the smallest scale of production, the processor should develop a Quality

Assurance (QA) system to ensure this. The following steps are needed to develop a system:

1. Look at every stage of the process, from raw material selection to distribution of products

and identify the factors that could affect either product quality or safety

2. Develop procedures to monitor and control these factors so that they do not cause a

problem

The basis of QA is to prevent problems from arising, rather than trying to cure them afterwards.

Factors that should be examined include the ingredients, particularly any spices that might be

contaminated with microorganisms, acidity or moisture content of the product and the amounts

of any preservatives that are used. Additionally, any sources of contamination from buildings or

water supplies should be included. The stages in a process where an error could affect the safety

of a product are known as Critical Control Points (CCPs) and these are the stages that should be

given most attention (UNIDO, 2004).
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3 Materials and Methods

3.1 Study Site

The experiment was conducted from October 2015 to June 2016 in the Addis Ababa University

Center of Food Science and Nutrition at 4 kilo, Food Engineering laboratory at 5 kilo and Holeta

Agricultural Research Center.

3.2 Materials

3.2.1 Sample Collection

Three tomato varieties; Melkasalsa and Galilema Variety were nationally released from

Melkassa Agricultural Research Center (MARC) and a Galilea (hybrid) variety was collected

from Nura era farm of Upper Awash Agro-industry Enterprise at Horizon Plantation. Processed

and packed Merti tomato paste was bought from the market that used as control sample.

Tomatoes were picked up at full technological maturity or full red color. After harvested, tomato

was carried by crates/wooden boxes /cartons to prevent bruising and damage during

transportation to laboratory for processing. Temporarily, the raw material may be kept in

refrigerator at 4oC to ceases respiration before processing. Thus, the availability of good quality

tomatoes was not a bottleneck. Regarding packing materials glass jars of 500g was required with

caps from Addis Ababa bottle and glass Share Company and the product was packed then kept in

refrigerator for analysis.

Gelilema Galilea                                 Melkasalsa

Figure 3: Tomato Varieties Selected for this Study
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3.2 Methods

3.2.1 General Flow sheet of Tomato paste Preparation

Figure 4: Simplified Process Block Diagram of Tomato Paste Processing Plant (Merti Factory)
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Fresh Tomatoes: Firm, red color and fully ripe tomatoes was collected from the research and

commercial farm, and then transported to laboratory for processing.

Washing: The fresh tomatoes was washed using potable (cold and warm) to remove soil, debris,

bacteria and other unwanted substances from the surfaces. Fresh tomatoes arriving at the plant in

trucks are unloaded into a collection channel (also known as flume), a stainless steel or cement

duct into which a quantity of water 3 to 5 times higher than the amount of unloaded tomato is

continuously pumped. The efficiency of the washing process will determine the microbial count

in the final product. Several methods can be used to increase the efficiency of the washing step.

Sorting: Tomato sorting was done by hand for the removal of defected tomatoes that have green

or yellow color, bruised and contaminated. Tomatoes are sorted by hand or roller on a sorting

table to get similar color or maturity. Shape and size are not important. A series of sorters are

used in a plant. The first sorter, especially in small plant, is an inclined belt. The tomatoes are

off-loaded onto the belt.

Crushing or Chopping: The tomatoes were crushed/chopped using clean stainless steel knife.

At this stage, coring and trimming of unwanted part that affect the quality and appearance of the

products. In the past, tomatoes were cored by machine or, more frequently, by hand, to remove

the stem scar. After trimming, tomatoes drop into the chopper for crushing prior to juice

extraction. This means tomatoes are cut into small pieces before boiling.  The tomatoes are

normally chopped to 0.040 to 0.060 inch prior to heating or breaking. Modern tomato varieties

have been bred with very small cores so that this step is no longer needed. Trimming to remove

rot or green portions is not practiced due to the high cost of labor.

Heating/Break: Tomatoes can be processed into juice by either a hot break or cold break

method. Most juice is made by hot break. The term Hot Break means that the fresh tomato is

chopped when heated, at temperatures ranging from 85 to 100°C/15 seconds, while Cold Break

means that the fresh tomato is chopped at lower temperatures, ranging from 65 to 75°C/1min.

The difference between the two products lies in the apparent viscosity, measured in Bostwick

centimeters.

The heated tomato pulp (fiber, juice, skin and seeds) is then conveyed via a special pump to an

extraction unit composed of two operating stations: a pulper and a refiner, equipped with two
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sieves having different sized meshes. The first sieve processes solid pieces up to 1 mm, while the

refiner processes solid pieces up to 0.6 mm, depending on the type of sieve fitted on the machine.

Two products therefore come out of the extraction unit: refined juice for concentration and waste

for disposal. The average extractor yield varies according to different factors: the pulp‘s

temperature (a higher temperature will mean an increased juice yield), the variety of tomatoes

treated, and the type of sieve fitted, the rotation speed and the shape of the rotor on each

dejuicing body unit. On average, however, the yield is about 95%.

Evaporation: At this point the refined juice is collected in a large tank which constantly feeds

the evaporator. This tank is equipped with maximum and minimum level indicators-adjusters

which control the pump supplying juice to the evaporator.  The juice in this storage tank is fed to

the evaporator which automatically regulates juice intake and finished concentrate output; the

operator only has to set the Brix value on the evaporator‘s control panel; during normal working

conditions, the evaporator does not require any further regulations. The juice inside the

evaporator passes through different stages (also called effects) where its concentration level will

gradually increase until the required density is obtained in the final stage or finisher. Here the

tomato paste is automatically extracted via a pump controlled by an electronic refractometer.

Concentration occurs in forced circulation, multiple effect, and vacuum evaporators. Typically,

three or four-effect evaporators are used, and most modern equipment now uses four effects. The

temperature is raised as the juice goes to each successive effect. A typical range is 48- 82oC. The

first stage temperature is 70⁰C/min. Vapor is collected from later effects and used to heat the

product in the previous effects, conserving energy. The reduced pressure lowers the temperature,

minimizing color and flavor loss. The paste is concentrated to a final solids content of at least

24% TSS.

Pasteurization: The concentrate is sent from the evaporator directly inside the aseptic system

tank. From here it is pumped at high pressure inside the aseptic sterilizer-cooler and then to the

aseptic filler, where it is filled into pre-sterilized aseptic bags housed in metal drums. The

pasteurization temperature and the holding time vary according to the product‘s pH value.

Generally speaking, a product with a pH value equal to or less than 4.2 could have a

pasteurization temperature of 92-94°C measured at the end of the holding section, and a holding

time of at least 60-90 seconds. On the other hand, if the pH value is greater than 4.2, it is
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advisable to acidify the product in order to bring it to about 4.1, improving taste and final

product quality, tank also to the reduced pasteurization temperatures/time.

The pasteurized tomato paste is cooled down to about 35-38°C before being piped into pre-

pasteurized aluminum bags housed in special metal or plastic bins via a special aseptic filler. The

packaged concentrate can be kept up to 24 months depending on its pH value and ambient

conditions. When storing for over 12 months, it is however advisable to conserve it in

refrigerated cells, more to reduce oxidization, which could cause darkening than to protect the

product‘s aseptic quality. The paste was pasteurized in hot water to exhaust air from headspace

and eliminate cross contamination from the environments. Finally, the paste type was labeled

and kept in proper place such as in refrigerator or storage room.

Figure 5: Tomato Paste Products Made From Different Tomato Varieties

3.2.2 Raw Tomatoes and Paste Proximate Analyses

Proximate analyses for moisture, crude fat, crude protein, crude fiber and ash were carried out in

accordance with the official methods of the Association of Official Analytical Chemists (AOAC,

2010).

Determination of Moisture Content

Procedure

1. The empty dish was dried and lid in the oven at 103oC for 3hr and transfer to desiccators

to cool. The empty dish was weighed and lid.
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2. About 5g of sample was weighed to the dish and the dish with sample was placed in

oven; then dry for 3hr at 103oC.

3. After drying, the dish with partially covered lid was transferred to the desiccators to cool.

The dish and its dried sample were reweighed.

Calculation:

Moisture(%) = x 100……………………………………………………………………… [1]
Where; W1 = weight (g) of empty dish

W2 = weight (g) of wet sample before drying +empty dish

W3 = weight (g) of sample after drying +empty dish

Determination of Crude Protein Content: Kjeldahl Method

Procedure

A. Addition of Reagents

1. 0.5g of the sample was weighed in a Tecator (digestion) tube and it was placed in the

tecator rack.

2. 6 ml of concentrate sulfuric acid was added from a Bird or Oxford pipette. Immediately

the sample was mixed and acid carefully.

3. 3.5 ml of hydrogen peroxide was added step by step. Watch out for violent reactions. As

soon as the most violent reaction has ceased shake the tube a few times by hand and put it

back into the rack.

4. 3 g of the catalyst mixture was added and let stand for 5-15 min before digestion.

B. Digestion:  It takes about 4-5 hours for the digestor to reach working temperature.

1. With the temperature of the digestor at 370oC lower the tubes (in the rack) in to the

digestor and the digestion was continued until a clear solution is obtained, about four

hours.

2. The tubes in the rack were transferred into the fume hood for cooling.
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3. 50 ml of distilled water was added.  Shake to avoid precipitation of sulphate in the

solution.

C. Distillation:

1. 25 ml of the 40% sodium hydroxide solution was added into the digested and diluted

solution.

2. A 250ml conical flask containing 25 ml of the boric acid was placed, 25 ml of distilled

water and indicator solution under the condenser of the distiller with its tip immersed in

to the solution.

3. The distillation was continued until a total volume become between 200 ml and 250 ml.

Rinse the tip with a few ml of water before the receiver is removed.

D. Titration

Titrate with 0.1 N Hydrochloric acids to a reddish color.

Calculation:

Nitrogen(%) = ( . . ) . X 100……………… .……………………………… .. [2]
(%) = 6.25 % ……………………………………………………………… [2.1]

Where; V = volume of HCl in L consumed to the end point of titration,

N = normality of HCl (used often is 0.1N),

Wo = sample weight on dry matter basis and

14.0 = atomic weight of nitrogen.

The % of nitrogen is converted to % of protein by using appropriate conversion factor.

Determination of Crude Fat content

Procedure

1. The extraction cylinders were washed with hot water, remove any impurity, and put it

into an oven for about 1 hour at temperature of 105oC.
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Take out it, put them into a desiccator and weighed (W1). Put it again in a desiccator.

2. The bottom of an extraction thimble was covered with a layer of fat free cotton.

3. 2g of the sample was weighed accurately in the thimble (W) and cover with a layer of fat

free cotton.

4. The thimble was put in the extraction chamber.

5. The extraction cylinder was taken out from the desiccators, put it on the bracket, check

the number and 50 ml of petroleum ether was added into the extraction cylinder and

move into the heating plank. Let the extraction go on for at least 4 hours.

6. The extraction cylinder was disconnected and put it in the drying oven at 70oC for at least

30 min.

7. Put it in the desiccators to cool for at least half an hour.

8. The extraction cylinder was weighed immediately after it is taken out of the desiccators

(W2).

Calculation:

%Crude fat = X 100…………………………………………………………………… .. [3]
Where; W1 = weight of the extraction cylinder (g)

W2 = weight of the extraction cylinder plus the dried crude fat (g)

Wo = weight of sample (g)

Determination of Ash Content

Procedure

1. The crucible and lid was placed in the furnace at 550oC overnight to ensure that

impurities on the surface crucible are burned off.

2. The crucible was cooled in the desiccators for 30min.

3. The crucible and lid was weighed(g) to 3 decimal places

4. 5g of the sample was weighed into the crucible and heat over Bunsen flame with lid half

covered. When fumes are no longer produced place crucible and lid in furnace.
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5. Heat at 550oC overnight until white gray color was achieved and do not cover with lid

during ash in the furnace. The lid was placed after complete heating to prevent loss of

fluffy ash and cool down in the desiccators.

6. The ash with crucible and lid was weighed when the sample turns to gray. If not return

the crucible and lid to the furnace for the further ashing.

Total Ash(%) = X 100.………………………………………………………………… .. [4]
Where: M1 = mass (g) of empty crucible with lid

M2 = mass (g) of sample plus crucible before ash with lid

M3 = mass (g) of sample plus crucible after ashing with lid

Determination of Crude Fiber: Gravimetric Method

The crude fiber was determined according to the Ethiopian Health and Nutrition Research

Institute (EHNRI, 2010)

%Crude Fiber = x 100……………………………………………………………………. [5]
Where W1= Sample weight (g)

W2= Crucible + Residue (g)

W3= Crucible + ash residue (g)

3.2.3 Raw and Paste Tomato Physicochemical Analysis

Total soluble solids: The total soluble solids were determined by digital refractometer with a

range of 0 to 32 °Brix and a resolution of 0.2 °Brix by placing 1 to 2 drops. The sample was

thoroughly mixed. A homogeneous drop of tomato paste is placed in the sample holder of the

refractometer and direct reading was taken by reading the scale in % or °Brix; this is equivalent

to the total amount of soluble solids or sugar content. Between samples the prism of the

refractrometer was washed with distilled water and dried before use. The refractrometer was

standardized against distilled water (0°Brix). The results were reported as oBrix at 20oC.This

factor is used in many parts of the world to specify maturity.



AJ. Msc. thesis, 2016 Page 54

Viscosity: The Viscosity of tomato paste was determined using SV-10 VIBRO Viscometer

(2001) procedure. Pour the sample into the cup until its surface reaches between the level

gauges. The level gauge indicates between 35 and 45ml. Attach the cup on the table along the

guides. Gently lower the sensor plates above the sample surface and measure the viscosity.

Color: Color was determined by LOVIBOND 3000 color comparator procedure. 50ml of sample

was taken and filtered through10 micro filter paper. 30ml of the filtrate was transferred to sample

cuvatte then determine the color. "Degrees Lovibond" or "°L" scale is a measure of the colour of

a substance, usually beer, whisky, or sugar solutions. The determination of the degrees lovibond

takes place by comparing the colour of the substance to a series of amber to brown glass slides,

usually by a colorimeter. The scale was devised by Joseph Williams Lovibond. The Standard

Reference Method (SRM) and European Brewery Convention (EBC) methods have largely

replaced it, with the SRM giving results approximately equal to the °L.

Titratable Acidity: Titratable acidity was determined by the method described by AOAC. Ten

grams (10g) of the sample was weighed in a clean beaker; 25cm3 of distilled water was added to

it and the content shaken together. The solution was then filtered using Whatman filter paper №

1. 10 ml of the filterate was pipetted into a conical flask and two drops of phenolphthalein

indicator added. 0.1M NaOH was added dropwise and the solution shaken thoroughly until a

pink colour was obtained (Famurewa, 2013). The volume of a standard base used to titrate the

organic acids in foods to a phenolphthalein endpoint can be used to determine the titratable

acidity. Titratable acidity was expressed as percentage citric acid.

Z = ∗ ∗ ∗ 100…………………………………………………………………………………. [6]
Where: Z = % of acid in sample

V = volume in ml of NaOH titrated

N = normality of NaOH (0.1N)

mEq wt = milliequivalents of acid (0.064 for citric acid).

Y = volume in ml or weight in g of sample
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Besides, a taste index and the maturity were calculated using the equation proposed by Zoran et

al. (2014) reported that starting from the Brix degree and acidity values.

Taste index = + Acidity ……………………………………………………………… .. [7]
Maturity = ………………………………………………………………………………. [8]
pH Value: The pH values of the samples were measured directly using a pH meter (JENWAY;

3505 pH Meter).  Five grams (5g) of each sample was first dissolved in 50 cm3 distilled water in

a beaker and thoroughly shaken. The pH meter was standardized using buffer solutions pH 4 and

7. The values were taken (Famurewa, 2013).

Vitamin C (ascorbic acid): The vitamin C concentration was determined by titration (Redox

titration using iodine solution). A 20 ml aliquot of the sample solution was pipetted into a 250 ml

conical flask and about 150 ml of distilled water was added and 1 ml of starch indicator solution.

The sample was titrated with 0.005 mol L−1iodine solution. The endpoint of the titration was

identified as the first permanent trace of a dark blue-black colour due to the starch-iodine

complex. Repeat the titration with further aliquots of sample solution until you obtain concordant

results (titres agreeing within 0.1 ml) (Katz, 2013).

= ∗ ∗ 176.12 ……………………… [9]
= ∗ 1176.12 ∗ 1000 / , …………… [9.1]

3.2.4 Microbiological Analysis

Total viable count

One gram sample of paste was transferred in 99 ml of distilled water and the mixture was

homogenized with continuous shaking for several minutes. Then, one ml of the sample solution

was diluted in another tube with 9 ml distilled water. The total viable count per gram of paste

was carried out following the method of American Public Health Association (APHA 1967).
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Yeast and mould count

The yeast and mould strains in the different samples were cultured on Potato Dextrose Agar

(PDA) medium, and incubated at 35°C for 48 hours, and then the yeasts and moulds were

counted. Plates containing between 30 and 3000 colonies were counted as colony forming units

(c.f.u.) per g of sample. Using Pour Plate Method, sample was taken and serially diluted to 1:10,

1:100 and 1:1000. For yeast and mould, total plate count was used. 1ml of diluents was taken

from each and put on sterile Petridish, pour potato dextrose agar and mix with the sample, then

incubated and finally count the colony (APHA, 1976).

Coliform count

For coliform count, from each serious dilution 1ml of diluents was inoculated into a separate

tube of an all-purpose broth medium. Incubated for 48h at 35oC and after incubation, the pattern

of positive and negative tubes is noted, and a standardized MPN.

3.3.5 Sensory Analysis

Samples of the different tomato paste products were coded and subjected to sensory evaluation

by using 10 trained panelists comprised of students in Food engineering stream and laboratory

assistants. The panelists were asked to assess each sample for its taste/ flavor, colour and overall

acceptability in a comfortable room with sufficient light and fresh air. Then panelists were asked

to rate evaluation variables according to 9- point Hedonic scale as described by Larmond

(1977).The results obtained from the panelists were converted to scores ranging from: like

extremely (9) to dislike extremely (1). Present the products to each panel a control sample plus

one or more test samples. Ask panel to rate the size of the difference between each sample and

the control by providing a scale for this purpose.

3.2.6 Experimental Design and Data Analysis

The experiment was set up according to the complete randomized design (CRD), comparing

three tomato varieties, each in triplicate. The data recorded on various parameters were subjected

to the analysis of variance (ANOVA) technique to find out the difference between different

cultivars. In cases where differences were found significant, means were compared for

differences using least significant difference (LSD) test by statistical software, SPSS version 20

at the probability level of P < 0.05.
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4 Results and Discussion

4.1 Results of proximate Analysis

The results of proximate analysis for raw and paste tomato varieties shown in the following table

6 and 7 respectively.

Table 6: Results of Raw Tomato Varieties Proximate Composition (Mean ± SD)

Tomato

Varieties

Moisture (%) Ash (%) Crude Protein

(%)

Crude Fat (%) Crude Fiber

(%)

Galilea 94.10 0.21a 0.64 0.03a 4.94 0.01a 0.49 0.01a 1.70 0.03a

Galilema 95.12 0.18a 0.63 0.01a 5.19 0.01b 0.25 0.02b 1.73 0.01a

Melkasalsa 96.30 0.28a 0.58 0.02b 5.25 0.04b 0.01 0.01c 1.78 0.03b

Data are an average (mean SD) of triplicate trials. Different letters in each column indicate that

the values differ significantly at α = 0.05

Table 7: Results of Tomato Paste Proximate Composition (Mean ± SD)

Tomato

Varieties

Moisture (%) Ash (%) Crude Protein

(%)

Crude Fat (%) Crude Fiber

(%)

Galilea 73.40 0.20a 3 0.50a 11.46  0.04c 0.50 0.00a 2.36 0.03a

Galilema 75.70 0.01a 3 0.41a 15.05  0.01a 0.25 0.02b 3.48 0.01b

Melkasalsa 83.90 0.03b 2.9 0.14b 15.14 0.00a 0.00c 4.06 0.04b

Control 82.66 0.30b 3 0.41a 14.09 0.00a 0.50 0.00a 2.87 0.02a

Data are an average (mean SD) of triplicate trials. Different letters in each column indicate that

the values differ significantly at α = 0.05

The moisture contents of raw tomato and pastes were ranged from 94.10 to 96.30% and 73.40 to

83.90% respectively. Melkasalsa has the highest moisture both in raw and processed paste where

as Galilea has the low moisture contents. Melkasalsa has thick juices and ability to bind water

relative to other juices. Sua´rez et al. (2007) reported that the moisture contents of raw tomato

varieties ranged from 91.2 to 95.6%. Koh et al. (2011) reported that the moisture content of

tomato paste was 73.1%.
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Pinela et al. (2012) conducted a study on nutrition and antioxidant composition of four tomato

varieties.  The proximate composition components that they analyzed included moisture contents

(90.63 to 93.70%), total ash (0.54 to 0.74%), protein (0.40 to 0.61%), fat (0.03 to 0.17%) and

carbohydrates (5.14 to 7.99 %) were reported in fresh tomatoes.

The total ash of raw tomato varieties were ranged from 0.58 to 0.64% and tomato pastes from 2.9

to 3.0%. In raw tomato, Galilea has the highest ash (0.64%) while Melkasalsa has low (0.58%).

Galilea, Galilema and Control sample have equal ash contents (3%) in tomato paste whereas

Melkasalsa has low ash content (2.9%).

Padovani et al. (2007) conducted a study on comparison of proximate, mineral and vitamin

composition of common Brazilian and US foods. The components that they investigated in

tomato products, canned, paste with salt added include water (79.66g), protein (2.43g), fat (0.19),

carbohydrate(14.96g), dietary fiber(2.8g) and ash (2.75g) in Brazilian whereas in American

products (USDA), water (73.50g), protein (4.32g), fat (0.47g), carbohydrate(18.91g), dietary

fiber(4.5g) and ash (2.80g).

The crude protein content in raw tomato varieties were ranged from 4.94 to 5.25% while in

tomato pastes after freeze-drying was ranged from 11.46 to 15.14%. Melkasalsa has the highest

protein and Galilea has the least protein contents in both raw and paste tomato products. It is

believed that processed fruit and vegetables have lower nutritional value, but it does not happen

always. Processing may result an increase in bioaccessible lycopene, total antioxidant activity

and amino acids (Nasir et al., 2015). Ristovska and Mirčeska (2011) reported that the protein

content was ranged from 8.34 to 17.63% in dehydrated tomato varieties by solar drying.

Olaniyi et al. (2009) reported that a study on growth, fruit yield and nutritional quality of tomato

varieties i.e. five hybrid varieties and two local varieties. The proximate composition that they

analyzed in tomato varieties include protein (25.98 – 42.55%), fat (3.51 – 4.22%), fiber (6.07 –

7.42%) and vitamin C (0.19 – 0.33%).

The crude fat in raw tomato varieties was ranged from 0.01 to 0.49% and 0.0% to 0.50% in its

pastes. The highest crude fat found in Galilea and Control sample whereas Melkasalsa has the

least fat content in both raw and paste tomatoes varieties.
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The crude fiber in raw tomato varieties was ranged from 1.70 to 1.78% and 2.36 to 4.06% in its

pastes. Melksalsa has the highest fiber and Galilea has the least fiber contents.

Gupta et al. (2011) conducted study on physical-chemical properties and nutritional evaluation

of newly developed tomato genotypes and reported the proximate composition of two tomato

genotypes i.e open pollinated Hisar Arun Selection 7 (SEL-7/HAS-7) and hybrid ARTH-3 at

CCSHAU, Hisar (Haryana). Tomato contained 94.45 and 92.24 per cent moisture,14.73 and

15.62 g protein, 1.61 and 1.56 g fat, 7.34 and 7.21 g ash, 7.58 and 8.69 fibre g per 100 g of  fruit

in SEL-7 and ARTH-3 genotypes, respectively.

4.2 Results of Physicochemical Analysis

The results of physicochemical analysis for raw and paste tomato varieties shown in the

following table 8 and 9 respectively.

Table 8: Results of Raw Tomato Varieties Physicochemical Analysis (Mean  SD)

Tomato variety Fruit Weight (g) Firmness (Kg/mm2) Color

Galilea 58.1 0.2a 4.3 0.3a 6 0.1a

Galilema 63 0.1a 4.09 0.2b 6 0.3b

Melkasalsa 47.86 0.4b 4.13 0.1b 6 0.1a

*Color Rating scale: 1, Green mature; 2, Breaker; 3, Turning; 4, Pink; 5, Light red; 6, Red

Tomato

variety

pH Titratable

Acidity %

Viscosity

(mPa.s)

Total Soluble

Solids (°Brix)

Vitamin C

(mg/100g)

Galilea 4.32 0.01a 0.541 0.1a 9.9 0.3a 4.8 0.4a 16 0.20a

Galilema 4.51 0.1a 0.455 0.2b 10.7 0.1a 4.5 0.1b 16.7 0.3a

Melkasalsa 4.45 0.05a 0.462 0.1b 6.5 0.2b 4.3 0.2b 17.6 0.2b

*Data are an average (mean  SD) of triplicate trials. Different letters in each column indicate
that the values differ significantly at α = 0.05.

According to the FDA, tomato pastes are divided into three types: heavy, medium and light.

Heavy tomato pastes contain not less than 33% of salt free tomato solids. Pastes of medium

concentration contain from 29 to 33% of salt free tomato solids and light pastes, 25 to 29%

(Sobowale et al., 2012).
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Firmness: The firmness of raw tomato fruit was ranged from 4.09 to 4.30 Kg in Galilema and

Galilea respectively. Firmness measures the ripeness of tomato fruits.

Fruit weight: Raw tomato fruit weight was ranged from 47.86 to 63.0g in Melkasalsa and

Galilema respectively.

Colour: All raw tomato selected for the study has equal rating scale of colour 6.0 by sensory

evaluation and paste colour 13 in Galilea and Melkasalsa whereas 17 in Galilema and control

sample, as indentified using Standard Reference Method.

Table 9: Results of Tomato Paste Varieties Physicochemical Analysis (Mean  SD)

Tomato

Paste type

Sugar-

acid ratio

Color Viscosity

(Pa . s)

PH TA% TSS

(°Brix)

Vitamin C

mg/100g

Galilea 29.63

0.3a

13 0.2a 1.23

0.1a

4.5

0.01a

0.81

0.2a

24

0.1a

12.21

0.2a

Galilema 25.26

0.1b

17 0.4b 2.12

0.3b

4.48

0.2a

0.95

0.05b

24

0.1a

12.89

0.1a

Melkasalsa 21.92

0.2c

13 0.1a 0.80

0.1c

4.42

0.1b

0.73

0.6b

16

0.3b

14.11

0.04b

Control 23.0

0.2c

17 0.2b 0.99

0.2c

4.3

0.2b

1 0.3a 23

0.1a

11.0

0.05c

*Data are an average (mean  SD) of triplicate trials. Different letters in each column indicate

that the values differ significantly at α = 0.05

Total soluble solids: It was observed that the salt free Brix of the tomato pastes ranged from 16

to 24% and most of the samples were in the range of 23 to 24%. In FDA, the “salt free Brix” is

regarded as the standard criterion for tomato paste that was not less than 24%. The total soluble

solids in raw tomato varieties were ranged from 4.3 to 4.8°Brix and 16 to 24°Brix in its pastes.

Galilea has high total soluble solids both in raw and paste whereas Melkasalsa has low total

soluble solids. In tomato paste varieties, Galilea and Galilema have high total soluble solids

(24°Brix) whereas malkasalsa has low total soluble solids and control sample has 23°Brix.
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Titratable acidity: The titratable acidity (% citric acid) in raw tomato varieties was ranged from

0.455 to 0.541% and 0.73 to 1.0% in its pastes. Galilea and Control sample has high titratable

acidity while Galilema and melkasalsa have low in raw and pastes respectively.

Sugar-acid ratio: The Sugar-acid ratio of processed tomato paste varieties ranged from 21.92 to

29.63 as shown in Table 9. Galilea has high sugar-acid ratio whereas melkasalsa has low. The

ratio significantly different at (p <0.05) varied among the tomato varieties. There was a general

increase in sugar-acid ratio in group as total soluble solids increases which are in agreement with

the reports of Workneh et al., (2011).

pH: The pH values of raw tomato varieties and its paste was ranged from 4.32 to 4.51 and 4.30

to 4.50 respectively. Galilema and Galilea have high pH values whereas Galilea and Melkasalsa

have low values in raw and paste respectively. Sobowale et al., (2012) investigates and reported

that the standard pH of tomato paste range between 3.8- 4.3. Since tomato pastes are pasteurized

and not sterilized, low pH is an important factor for microbial stability in preventing the growth

of pathogenic microorganisms and a proper and routine checking of pH of the final products by

the manufacturers is required.

Ascorbic acid: The level of ascorbic acid / vitamin C in raw tomato varieties were ranged from

16 to 17.6 mg/100g and 11.0 to 14.11mg/100g in its pastes. Melkasalsa has high vitamin C both

in raw and paste tomato whereas Galilea and Control sample have low values in raw and paste

respectively. A severe and long heat processing during the evaporation of water from the tomato

juice can be one of the main reasons for this difference or loss of vitamin C.

Sobowale et al. (2012) reported that tomato fruit is a good source of vitamin C (about

140mg/100g) and it is of great important to investigate the level of residual vitamin C in tomato

pastes. Heat and oxygen are among the main factors causing loss of vitamin C in tomato

processing. Nutritionally a food manufactured would try to minimize the loss of vitamins during

processing and storage. Therefore, the concentration of vitamin C in a tomato pastes can be

counted upon as an indicative of processing conditions as well as raw material quality. The

comparison of the levels of vitamin C found for the tomato paste samples of the study show that

a large quality of the vitamin C in tomato fruit is degraded during the processing and storage.
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Ristovska and Mirčeska (2011) reported that the vitamin C content was ranged from 34.48 to

48.81mg % in dehydrated tomato varieties by solar drying.

Viscosity: The viscosity of raw tomato varieties was ranged from 6.50 to 10.70 mPa.s and 0.80

to 2.12 Pa.s in its pastes. Galilema has high viscosity both in raw and pastes whereas and

Melkasalsa has low viscosity. Sobowale et al., (2012) investigates the apparent viscosity of

different tomato pastes was ranged from 3.20 to 5.60.

4.3 Results of Microbiological Analysis
Table 10: Results of paste Tomato varieties microbiological analysis

Microbial types Galilea Galilema Melkasalsa Acceptable
limit

Total Plate
count (cfu/ml)

49 140 100 25-250cfu/ml

Yeast/mould
(cfu/ml)

10 200 100 10-150cfu/ml

Coliform count
mpn/ml

2 5 3 <10MPN

*cfu - colony forming unit, MPN – most probable number

All the total plate count results of tomato paste varieties were below the acceptable limit and

ranged from 49 to140 cfu/ml. Galilema has high total plate count whereas Galilea shows

low.The yeast/mould count in Galilema is above the acceptable limit whereas Galilea and

melkasalsa have below the limit. All coliform count in tomato varieties were below the

acceptable limit. It was ranged from 2 to 5 MPN/ml. Galilea and galilema have low and high

respectively.

4.4 Results of Sensory Analysis

Table 11: Results of paste tomato varieties sensory analysis (mean ± SD)

Tomato Variety Color Taste/flavor Overall acceptability

Galilea 7.88  0.22 7.41 0.22 7.43 0.14

Galilema 7.80  0.14 7.66 0.09 7.71 0.11

Melkasalsa 7.91 0.08 7.14 0.28 6.91 0.08

Control 7.82 0.14 7.38 0.09 7.28 0.28

* 9- point Hedonic scale
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The sensory evaluation of color was ranged from 7.80 to 7.91. Melkasalsa has high color and

Galilema shows low. The taste/flavor results were ranged from 7.14 to 7.66. Melkasalsa has

lower taste/flavor than Galilema. The overall acceptability results showed were in the interval of

6.91 to 7.71. Galilema has greater overall acceptability than melkasalsa that is low.
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5 Conclusions and Recommendations

5.1 Conclusion

The proximate composition of raw and paste tomato varieties are not the same due to various

conditions. Melkasalsa has the highest moisture contents in both raw and paste tomato products

while low in galilea. Galilea and melkasalsa have the highest and lowest ash contents in raw

tomatoes respectively. In tomato paste varieties,galilea, galilema and control sample have equal

ash contents whereas melksalsa contains low. Melkasalsa has the highest crude protein contents

both in raw and paste tomato varieties whereas galilea shows low. The highest crude fat was

found in galilea and control sample while both in raw and paste tomato varieties melkasalsa has

the lowest. Melkasalsa has the highest crude fiber contents whereas galilea has low.

The physicochemical analysis of raw and paste tomato varieties also vary. The galilea variety has

the highest total soluble solids in both raw and paste whereas melkasalsa has low. Galilea and

control sample have high titrable acidity whereas galilema and melkasalsa have low titrable

acidity in raw and pastes. Galilea and melkasalsa have high and low sugar- acid ratio

respectively. The pH values of raw galilema and galilea are high and low respectively whereas

paste tomato varieties of galilea and melkasalsa have high and low respectively. Melkasalsa has

high vitamin C contents in both raw and paste tomato whereas control sample has low. Galilema

has high viscosity whereas melkasalsa has low in raw and paste tomato varieties.

The results of microbiological analysis in tomato paste varieties show that total plate count,

yeast/mould and coliform count are in the range of acceptable limits. The sensory evaluation of

tomato paste varieties for color, taste/flavor and overall acceptability shows that melkasalsa has

good color while galilema has less color and taste. But galilema has high overall acceptability.

In this study Galilea and Galilema fulfills the criteria for paste production at factory levels due

to its total soluble solids, crack resistance ability, shape, size, disease resistance, color while

melkasalsa has low total soluble solids value relative to others. However, Melksalsa has good

color and has high vitamin C, moisture, fiber, protein, but has low ash and no fat. In addition, the

shape and size is elongated that less suitable for commercial processing of paste.
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The results showed that Galilea and Galilema have high total soluble solids (24°Brix) whereas

Melkasalsa has low (16°Brix). Therefore, the study identified that local Galilema varieties are

the best performance of paste at industry level.

5.2 Recommendation
At the industry, it is necessary to use improved varieties which are obtained from local

agricultural research center and to look into optional methods for better production.

Private commercial farmers should be produce best selected tomato varieties for the input

of industry and reduce cost of foreign tomato products imports through (by the) Ministry

of trade.

Studies should be done on different tomato varieties that released nationally to analyze

proximate composition by university researchers, through enough financial supporting

and well proper laboratories.

Quality and Safety Standard Agency of Ethiopia should be prepare standard proximate

composition and physicochemical for each raw and processed tomato varieties.

Further studies on:

 Optimization of tomato processing unit operations and quality parameters of the products

 Design of tomato products processing equipments for hot and cold break method
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Appendix

Table 12: Relationship between Refractive Index and Total Solids of Tomato Puree and Pulp

% Total solids Refractive index @ 20°C
5.0 1.3398
7.5 1.3433
10.0 1.3468
12.5 1.3575
20.0 1.3611
22.5 1.3651
25.0 1.3690
27.5 1.3731
30.0 1.3772
32.5 1.3816
35.0 1.3860

Source: Gould, 1983

Table 13: Relationship of direct Refractometer Reading for NTSS and SG raw Juice, Pulp and
Paste

Pulp-puree Paste

Concentration % Solids Specific Gravity % Solids Specific Gravity

Raw juice 4.0 1.0163 - -

Light 8.0 1.0332 24.0 1.1165

Medium 10.1 1.0421 28.0 1.1365

Heavy 11.3 1.0472 28.0 1.1365

Extra heavy 15.0 1.0635 38.5 1.1765

Concentrated

tomato juice

20.0 1.0965 - -

Minimum value
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Table 14: Relationship between Temperature and Refractometer Readings for Distilled Water

Temperature
Abbe Refractometer Reading (nD)°F °C

68.0 20 1.3330
71.5 22 1.3328
75.0 24 1.3326
79..0 26 1.3324

Table 15: Colour Based on Standard Reference Method (SRM)
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Table 14: Sensory Evaluation Form (9-point Hedonic test)

Sensory Evaluation Form

Recipe Name:                                                                                        Category:

Directions: Check one rating for each of the following: Color, Taste/Flavor, Texture and Overall
Acceptability

Rating Scale Color Taste/ Flavor Texture Overall
Acceptability

9.Like Extremely
8. Like Very Much
7. Like Moderately
6. Like Slightly
5. Neither Like or Dislike
4. Dislike Slightly
3. Dislike Moderately
2. Dislike Very Much
1. Dislike Extremely

Office Use Only
Panelist Code                                         Date
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Laboratory works, raw materials Preparation and Analysis

Melkasalsa                                                                Galilema

s

Chopping and Coring Chopped Tomato
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Trimmed, skin and seed of melkasalsa from 4Kg. Preheating (Hot Break)

Cooking and Concentration Tomato varieties Paste Products
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Commercial Paste as Control sample Refining Juice/pulp

Titrable Acidity

Removing Water by Vacuum Pump     TSS reading using Refractomete
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