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ABSTRACT 

Fruit extract, sugar (S), pectin(P) and citric acid are the four ingredients needed for jam 

production. The quality of the jam is highly dependent on the choice of concentrations of 

each ingredient and processing parameters. The physicochemical composition of 

pineapple (smooth cayenne variety) fruit pulp, and jam were studied and the results were 

recorded. Processing of pineapple fruit pulp into jam resulted in a significant increase in 

physico chemical properties like TSS and TA but a significant decrease in pH, Vitamin C 

and mineral composition were observed.  Subsequently sensory and microbial evaluation 

were conducted to identify highly acceptable pineapple jam. Processing of pineapple fruit 

pulp into jam show slightly decrease the nutritional composition of the products. This 

study investigated good quality pineapple jam formulation using general factorial design 

(Minitab 17 modeling). Out of 12 pineapple jam samples that were formulated with 

different ratio of sugar, pectin, and processing temperature samples J10(T:90oc, S:45%, 

P:3%), formulation proved as best products in terms of its nutritional composition; 

sensory and microbial analysis. Production of vinegar by fermentation of pineapple peel 

using three selected strains of acetic acid bacteria’s (propionic bacterium acid propionic, 

panteo agglomerans, and pantea disperse) was assessed. Fermentation times of 24h., 48h, 

and 72h at three levels with two factor full factorial was applied for experimental design 

and statistical analysis using Minitab 17.1. Aeration rate, temperature, and carbon source 

were set as constant factors. A total of 10 experiments were conducted at conditions as 

stated previously with three strains of acetic acid bacteria and fermentation time. Total 

acetic acid concentration was analyzed using acid base titration method. This experiment 

shows that propionic bacterium acid-propionic, acetic acid bacterial strain, produce 

6.15g/l of acetic acid at fermentation time of 72h.which was higher yield when compared 

with the other strains used for this research wok. In general, bacterial strain and 

fermentation time were the most important factors affecting vinegar production.  

Key words: characterization, jam, pineapple, production, vinegar. 
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CHAPTER ONE 

1. Introduction 

1.1. Background 

Fruits and vegetables are important sources of essential dietary nutrients such as vitamins, 

minerals and fibers. Since the moisture content of the fresh fruits and vegetables is more 

than 80% (wb); they are highly perishable commodities. The world fruit production was 

about 609 million MT in 2010 -11 (FAO, 2010). According to the estimate, nearly 20-40% 

of the fruits are lost due to spoilage, mishandling during transportation and lack of cold 

storage and processing techniques (Singh et al., 1994). Food preservation ensures 

conservation and better utilization of fruits and vegetables through avoiding the glut and 

utilizing the surplus during the off-season. It is necessary to employ modern methods to 

extend storage life for better distribution and also processing techniques to preserve them 

for utilization in the off-season (Vidhya and Narain, 2011). The fruit can be preserved by 

converting it into products like jam, jelly, fruit bar, juice, pickle, murabba etc. to prolong 

their utilizable lifespan. Fruit jam preparation is one of the easiest ways to preserve fruit. 

The production of fruit and vegetable jam is important both from the human health and 

commercial standpoints. The availability of nutritious components from fruits and 

vegetables to a wide range of consumers is thus facilitated throughout the year by the 

marketing of their jam. The production process of fruit and vegetable jam includes steps 

like extraction, clarification, boiling, and stabilization (Bhat, 2000).  

Pineapple (Ananas comosus) is sometimes called the ‘King of Fruit’. Pineapple is grown 

extensively in Hawaii, Philippines, Caribbean area, Malaysia, Taiwan, Thailand, Australia, 

Mexico, Kenya and South Africa. Pineapple has long been one of the most popular of the 

non-citrus tropical and subtropical fruits, largely because of its attractive flavour and 

refreshing sugar acid balance. It is available fresh, canned and as juice1. 100 g pineapple 

contain 47-52 calories, 85.3-87.0 g water, 0.4-0.7 g protein, 0.2-0.3 g fat, 11.6-13.7 g total 

carbohydrate, 0.4-0.5 g fiber, 0.3-0.4 g ash, 17-18 mg calcium, 8-12 mg phosphorus, 0.5 

mg iron, 1-2 mg sodium and 125-146 mg potassium. Pineapple also contains 12-15 % 

sugars of which two-third is in the form of sucrose and the rest are glucose and fructose. 

0.6-1.2 % of pineapple is acid of which 87 % is citric acid and 13 % is malic acid. The pH 
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of pineapple is acidic, which is 3.71. The composition of the juice varies with geographical, 

cultural and seasonal harvesting and processing. pineapple, like other tropical fruits, serves 

as a potential source of raw materials for fruit products such as juice, beverages, wine, 

jellies, jam puree, power fruit bars, and flakes. 

Most nations, whether economically advanced or at different stages of development are 

faced with the issue of disposal and treatment of wastes (Itelima et al., 2013). Agro-

industrial wastes are generated in large amounts every year and their reuse in processes is 

of particular interest due to their availability, low cost, and characteristics that allow at 

obtaining different value-added compounds (De Freitas Borghi et al., 2009). Tropical and 

subtropical fruits processing have considerably higher ratios of by-products than the 

temperate fruits (Schieber et al., 2001). Pineapple (Ananas comosus) by-products are not 

exceptions. Indeed, several efforts have been made in order to utilize pineapple wastes, 

which have already been used as the substrate for the production of bromelain and organic 

acids (Dacera et al., 2009), fiber and phenolic anti-oxidants (Larrauri et al., 1997), ethanol 

and biogas (Nigam, 1999). Since pineapple has the second highest production volume of 

all tropical fruits in the world (FAO, 2009), the production of processed items results in 

massive waste generation, estimated about 40-50 % from fresh fruit as peels and core 

(Buckle, 1989). Even if pineapple residues are rich in sugars, especially in sucrose, glucose 

and fructose and other components like minerals and vitamins (Abdullah and Hanafi, 

2008), they cannot be used in full. Vinegar is the product made from the conversion of 

ethyl alcohol to acetic acid by a genus of bacteria, Acetobacter. Therefore, vinegar can be 

produced from any alcoholic material from alcohol-water mixtures to various fruit wines 

(Peppler and Beaman 1967). Its color and aroma are greatly dependent on the material from 

which it is made (Kehrer, 1921).   
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1.2. Statement of the problem 

Ethiopia is one of fruit and vegetable highly producing country in the world but due to 

different factors the current postharvest loss of the produced fruit and vegetables is 30-40% 

FAO (2012). As a result, this leads high economic loss annually. In addition to this lack of 

processing technology, less understanding and processing skill and preservation method in 

the country are the main reason for post-harvest loss of fruit and vegetable. Pineapple is 

one of well-known and acceptable fruit in Ethiopia but the production, marketing and 

consumption of pineapple is restricted due to improper handling, inadequate transport and 

storage facility, disease problems, and sensitivity to low storage temperature. Thus, there 

is a need to preserve and store it from time of harvest through the period of scarcity, for 

the purpose of retaining them as foods and articles of trade. In addition to these problem 

due to poor waste management and utilization system of our country we are losing a lots 

of economic advantages unknowingly and exposed to imported products which are easily 

processed from easily available byproducts from our daily consumed fruit and vegetable 

wastes. So   to overcome this problem there are different preservation processes from those 

Fruit jam preparation and vinegar production is one of the ways to preserve fruit and 

utilization of the fruit west (pineapple peel) in to value added product. The goal of 

processing is to minimizing undesirable reactions while still maintaining and in cases 

enhancing, the inherent quality of the fruit. The most frequent reason for quality 

deterioration of fruit product is the result of microbial activity and this often result in food 

moulding, fermenting and change in acidity Many consumers are concerned with the 

wholesomeness of products, which have undergone minimal heat treatment. Therefore, the 

objective of this study was be to preserve pineapple fruit throughout the year, minimize 

economic loss, utilization of its byproduct for vinegar production and also to meet the 

market demand for this fruit product. 
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1.3. Objectives  

1.3.1. General objective 

To develop and characterize pineapple (smooth cayenne variety) jam and to produce 

vinegar from its peel and Core. 

1.3.2. specific objectives were to: 

 Develop jam and vinegar from locally grown pineapple (smooth cayenne variety) 

 Conduct physico-chemical analysis of both raw and processed product  

 Study the effect of processing on the qualities of the pineapple jam and vinegar 

 Analysis the minerals content and bio-active compound of final products. 

 Study microbial quality of jam  

 Study sensory quality of jam 
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1.4.  Significance of the study   

The study is believed to be significant in that it reduces postharvest loss of pineapple fruit 

in Ethiopia by developing longer shelf stable value added product(Jam) and efficient 

utilization of resource which is the byproduct of pineapple fruit (peel and core) and helps 

in creating environmental friendly value added product production by minimizing waste 

generated from fruit processing industries as a byproduct which is estimated to nearly to 

40 to 50% of total mass of pineapple fruit. Starts from the whole community until many 

fruit jam producers and other industrial users of vinegar as a preservative are all beneficiary 

either directly or indirectly due to low production cost. This study reassures the consumer 

that pineapple jam and vinegar is safe for consumption and provide information for fruit 

jam producers the Optimum processes for production of good quality pineapple jam and 

suitable strain of acetic acid bacteria for pineapple peel vinegar production. 

1.5. Scope of the study 

The study generally covers investigation of processing method for production of      

pineapple fruit jam and vinegar starting with preparation of pineapple fruit, Development 

of pineapple jam and vinegar, Laboratory analysis majorly on: Physico-Chemical Analysis, 

Proximate Analysis (Nutritional Composition Analysis), Microbiological Analysis, 

Sensory Evaluation. The ultimate goal of the whole thesis is to develop good value added 

pineapple fruit product and efficient use of by product by converting into vinegar by using 

acetic acid bacteria fermentation processes.                
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CHAPTER TWO 

2. Literature Review 

Fruits and vegetables are important sources of essential dietary nutrients such as vitamins, 

minerals and fibers. They are also a major source of income for many farmers who cultivate 

them for fresh produce markets. It also provides a source of nutrients and play important 

role in the diet of many people living in the tropics by raising its nutritional value through 

the provision of essential minerals and vitamins and addition of flavors, colors and variety 

to the diet and equally by contributing to the proteins and calories contents of the diet. The 

world fruit production was about 609 million MT in 2010 -11 (FAO, 2010). Pineapple 

(Ananas comosus L. Merr.) is a member of the Bromeliaceae family (monocotyledons) and 

comprises about 2000 species with an annual worldwide production According to FAO 

statistics, pineapple is the eleventh most cultivated fruit in the world, with just over 24.8 

million tons produced in 2013/2014. It is one of the most important commercial fruits of 

the world. Hence Ethiopia is the 52th pineapple producing country in the rank of world 

pineapple production by producing 7500 ton of pineapple in 2014 cropping session from 

plantation area of 236.37 hectares. Substantial pineapple fruit cultivation is mainly 

practiced in the southern regions of Ethiopia (Sidama and Gojeb). Small farmers are 

accustomed to work with pineapples as a cash crop in a mixed farming system for decades. 

The use of fertilizer is nearly absent and the pineapples produced are organic, a 

comparative advantage of Ethiopian pineapple production. Yearly, 2700 MT pineapples 

are produced in the Tesso area, which is marketed for 98% as fresh (mainly Red Spanish 

variety) pineapple. 

National consumption figures for pineapple are slightly rising as a result of general national 

growth in public spending and tourist/expat preferences (Yonad, 2011). The average annual 

imported processed pineapple consumption is 250 tones with a consumption growth of 

695% from 2005 to 2008 (Yonad, 2011). Of the total consumption or processed fruits, 

average annual imported processed pineapple consumption is three percent (Yonad, 2011). 

Pineapple is the common name of Ananas comosus (syns. A. sativus, Ananassa sativa, 

Bromelia ananas, B. comosa). Pineapple is the leading edible member of the family 

Bromeliaceae, grown in several tropical and subtropical countries including Philippines, 
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Thailand, Indonesia, Malaysia, Kenya, India, China and South Africa. The pineapple has 

long been one of the most popular of the non-citrus tropical and subtropical fruits, largely 

because of its attractive flavour and re- freshing sugar-acid balance. The chemical and 

physical development of pineapple fruit (cv. Smooth Cayenne) has been extensively 

studied (Gortner, 1965; Gortner & Singleton, 1965; Singleton, 1965; Singleton & Gortner, 

1965). The range of chemical constituents of ripe pineapple, depending upon stage of fruit 

ripeness, and agronomic and environmental factors, has been reported by Dull (1971) and 

Kermasha et al. (1987). It has been used as a medicinal plant in several native cultures and 

these medicinal qualities of pineapple are attributed to bromelain (EC 3.4.22.32), which is 

a crude extract from pineapple that contains, among other compounds, various closely 

related proteinases, exhibiting various fibrinolytic, anti-edematous, anti-thrombotic, and 

anti inflammatory activities in vitro and in vivo. Canned pineapple is consumed throughout 

the world. The highest grade is the skinned, cored fruit sliced crosswise and packed in 

syrup. Undersize or overripe fruits are cut into "spears", chunks or cubes. Surplus pineapple 

juice used to be discarded after extraction of bromelain (q.v.). Today there is a growing 

demand for it as a beverage. Crushed pineapple, juice, nectar, concentrate, jam, marmalade 

and other preserves are commercially prepared from the flesh remaining attached to the 

skin after the cutting and trimming of the central cylinder. All residual parts cores, skin and 

fruit ends are crushed and given a first pressing for juice to be canned as such or prepared 

as syrup used to fill the cans of fruit, or is utilized in confectionery and beverages, or 

converted into powdered pineapple extract which has various roles in the food industry. 

Chlorophyll from the skin and ends imparts a greenish hue that must be eliminated and the 

juice must be used within 20 hours as it deteriorates quickly. A second pressing yields "skin 

juice" which can be made into vinegar or mixed with molasses for fermentation and 

distillation of alcohol. The spoilage is accentuated by physico-chemical and enzymic 

changes involving oxidation and by microbial deterioration leading to fermentation (Gow-

chin, 1996). These deteriorative changes impair both nutritional composition and the 

sensory attributes of the fruit and makes it unfit for consumption (Okwulehie and Alfred, 

2010). Some of the technique of preserving fruits and vegetables from deterioration and 

subsequent total loss is to apply cold storage, as well as process them into fruit juices 

(Wenkam, 1990; Landon, 2007).  During the processing, a large part of the quality 
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attributes of the fresh fruits undergo remarkable changes which could affect the 

physicochemical, nutritional value and sensory perception of the fruit product (Mannay 

and Shadaksharaswany, 2005; Landon, 2007). The goal of processing and preservation is 

to minimize these undesirable reactions while still maintaining and enhancing the physical 

and nutritional quality, there by presenting a wholesome and acceptable product to the 

consumer, within a specified time period (Bates et al., 2001; Potter H, Hotchkiss I (2006). 

Jam is a product prepared by boiling the fruit pulp (sometimes whole fruit) with sufficient 

quantity of sugar to a moderately thick consistency, firm enough to hold the fruit tissues in 

position. It is commercially produced by using 45 parts of fruits pulp for every 55 parts of 

sugar. It should contain 68% soluble solids as determined by refractometer when cold and 

uncorrected for insoluble solids.  

Since pineapple has the second highest production volume of all tropical fruits in the world 

(FAO, 2009), the production of processed items results in massive waste generation, 

estimated about 40-50 % from fresh fruit as peels and core (Buckle, 1989). Even if 

pineapple residues are rich in sugars, especially in sucrose, glucose and fructose and other 

components like minerals and vitamins (Abdullah and Hanafi, 2008), they cannot be used 

in full. The pineapple peel contained an appreciable amount of insoluble fiber-rich fraction 

which primarily consisted of cellulose, pectin substances, hemicellulose, and notable 

proportions of lignin (Huang et al., 2011). A multitude of different pretreatment 

technologies have been suggested during the last decades (Alvira et al., 2010) in order to 

hydrolyze the cellulosic waste materials. Vinegar is the product made from the conversion 

of ethyl alcohol to acetic acid by a genus of bacteria, Acetobacter. Therefore, vinegar can 

be produced from any alcoholic material from alcohol-water mixtures to various fruit wines 

(Peppler and Beaman 1967). Its color and aroma are greatly dependent on the material from 

which it is made (Kehrer 1921).  

Vinegar has been known worldwide as a seasoning or food preserving agent. Vinegar is 

defined as “a liquid fit for human consumption, produced from suitable raw materials of 

agricultural origin containing starch, sugars, or starch and sugars by the process of double 

fermentation, alcoholic and acetous, containing a specified amount of acetic acid” (Pooja 

and Soumitra, 2013). Vinegar, a traditional acidic condiment, is widely produced from rice, 
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malt, apples, wine, molasses, dates, sorghum, apples, pears, grape, berries, melons, 

coconut, honey, beer, maple syrup, potatoes, beets, malt grains and whey and various other 

agricultural materials (Frazier and Westhoff, 2002).  

Vinegar, a traditional acidic condiment, is widely produced from rice, malt, apples, wine 

and various other agricultural material (Ciani, 1998; Horiuchi et. al., 1999). Vinegar 

production ranges from traditional methods employing wood casks and surface culture to 

submerged fermentation in acetators (Morales et al 2001). Vinegar fermentation is 

essentially a two stage process, being the first one the anaerobic conversion of fermentable 

sugars to ethanol by yeasts, usually Saccharomyces species, and the second the aerobic 

oxidation of ethanol to acetic acid by bacteria, usually Acetobacter species (Adams, 1998; 

Horiuchi et. al., 2000). Acetic acid yield from fermented sugar is approximately 40%, with 

the remaining sugar metabolites either lost to volatilization or converted into other 

compounds. Acid yield improvements can be achieved using high rates aeration during 

continuous production (Ghommidh et al 1986).  

Vinegar bacteria, also known as Acetic acid bacteria(AAB) are members of the genus 

Acetobacter and characterized by their ability to convert ethyl alcohol, C2H5OH, into acetic 

acid, CH3CO2H, by oxidation as shown below:  

   

 

Vinegar traditionally has been used as a food preservative. Whether naturally produced 

during fermentation or intentionally added, vinegar retards microbial growth and 

contributes sensory properties to a number of foods. The wide diversity of products 

containing vinegar (sauces, ketchup, mayonnaise, etc.) and the current fall in wine 

consumption have favored an increase in vinegar production (De Ory et al 2002). 

According to FDA (Food and Drug Administration, USA), vinegar as a sour solution, 

contains not less than 4 grams of acetic acid in 100 cubic centimeters at 20°C that is 

produced through alcoholic and successively acetic fermentation of sugary and starchy 

substrates. Earlier processes used for making vinegar were the Orleans process (which is 

also known as the slow process), the quick process (which is also called the generator 

2C2H2OH 2CH3CHO 2CH3CO2H+2H2O 
Anaerobic  Aerobic  
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process), and the submerged culture process. The quick process and submerged culture 

process were developed and are used for commercial vinegar production today. Further 

processing of vinegar, following substrate conversion to acetic acid may include filtration, 

clarification distillation and pasteurization at 165.2°F (74°C) before it is bottled. Acetic 

acid concentration in vinegar may be expressed using the term “grain”. Traditionally 

ethanol has been produced by batch fermentation; employing Saccharomyces cerevisiae 

the name first applied by Meyen (1838) to distinguish beer yeasts from those isolated from 

other alcoholic beverages is still a major concern of all the researchers in the field. Yeasts 

are the only organisms currently used for large scale industrial ethanol production. Many 

of these newly developed bioprocesses for ethanol are mainly aimed to enhance the 

productivity by employing high cell densities in the fermenter. It has been well recognized 

that alcoholic fermentation are limited due to the inhibitory effects of both substrate and 

product. An efficient ethanol production requires four components: fermentable 

carbohydrates, an efficient yeast strain, a few nutrients and simple culture conditions. In 

most experiment, Saccharomyces cerevisiae yeast is used to convert glucose into ethyl 

alcohol. The yeast cell contains enzyme catalysts that provide an energetically favorable 

pathway for the reaction. Acetic fermentation is the next step in alcoholic fermentation, 

where alcohol molecules are oxidized into acetic acid molecules by the action of 

Acetobacter acetic bacteria, giving it the characteristic vinegar taste. 

The chemical and organoleptic properties of vinegar are a function of the starting materials 

and the fermentation method. Acetic acid, the volatile organic acid that identifies the 

products as vinegar, is responsible for the taste flavor and pungent, lifting odor of vinegar. 

However acetic acid should not be considered synonymous with vinegar (Nester et al., 

2003). 

2.1. Effect of processing on jam quality attributes  

Foods undergo changes as a result of processing; such changes may be physical, chemical, 

enzymatic, or microbiological (Singh & Heldman, 2001). Food processing is any and all 

processes to which food is subjected after harvesting for the purposes of improving its 

appearance, texture, palatability, nutritive value, keeping properties and ease of 
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preparation, and for eliminating microorganisms, toxins and other undesirable constituents 

(David & Arnold,1999).   

The composition of a food largely determines its safety, nutrition, physicochemical 

properties, quality attributes and sensory characteristics.  Most foods are compositionally 

complex materials made up of a wide variety of different chemical constituents. Their 

composition can be specified in a number of different ways depending on the property that 

is of interest to the analyst and the type of analytical procedure used: specific atoms (e.g., 

Carbon, Hydrogen, Oxygen, Nitrogen, Sulfur, Sodium, etc.); specific molecules (e.g., 

water, sucrose, tristearin, b-lactoglobulin), types of molecules (e.g., fats, proteins, 

carbohydrates, fiber, minerals), or specific substances (e.g., peas, flour, milk, peanuts, 

butter).  Government regulations state that the concentration of certain food components 

must be stipulated on the nutritional label of most food products, and are usually reported 

as specific molecules (e.g., vitamin A) or types of molecules (e.g., proteins) (McClements, 

1999). 

Processing using heat is a major cause of changes to nutritional properties of foods. For 

example, gelatinization of starches and coagulation of proteins improve their digestibility, 

and antinutritional compounds (for example a trypsin inhibitor in legumes) are destroyed. 

However, heat also destroys some types of heat-labile vitamin, reduces the biological value 

of proteins (owing to destruction of amino acids or Maillard browning reactions) and 

promotes lipid oxidation. Therefore, a continuing aim of food manufacturers should be to 

find improvements in processing technology which retain or create desirable sensory 

qualities and nutritional properties or reduce the damage to food caused by processing 

(Fellows, 2000). 
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2.2. Chemical composition of pineapple fruit 

Table 2.1 Nutrients in 100 grams (g) pineapple 

Nutrients Amount  

energy  52calories 

Dietary fiber 1.40g 

carbohydrate 13.7g 

protein  0.54g 

iron  0.28mg 

magnesium  12mg 

calcium  16mg 

potassium 150mg 

zinc 0.10mg 

vitamin A 130LU 

          vitamin C                     24mg 

 

Source: International Journal of Nutrition and Food Sciences 2015; 4(1): 84-88 

Table 2.2 Chemical constituents of pineapple pulp and waste 

Parameters  Pineapple pulp  Pineapple waste  

Moisture (%) 87.3 91.35 

Ash (mg/100g) 1.8 0.04 

Total soluble solid (%) 13.3 10.2 

Crude fiber(g/100g-fw) 0.41 0.6 

Total sugar(%) 8.66 9.75 

Reducing sugar(%) 10.5 8.2 

Non-reducing sugar(%) 7.4 8.8 

Titrable acidity(%) 2.03 1.86 

Ascorbic acid(mg/100g) 21.5 26.5 

 

Source: International Journal of Nutrition and Food Sciences 2015; 4(1): 84-88 

2.3. Health Benefits of Pineapple 

This sticky and sweet tropical fruit is a favorite with children of all ages. Perfect as an 

integral part of sweet and sour sauce, you can't go past the wonderful pineapple. Pineapple 

is a tropical fruit, it contains a proteolytic enzyme bromelain, which helps in the digestion 

of protein. Pineapple can prevent blood clot formation because of its bromelain content. 

Pineapples are a member of the Bromeliaceous family and are composed of many flowers 

whose fruitlets are fused around a core. Each fruitlet has an eye which is the spiny part on 
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the pineapple's surface. Pineapples are both sweet and tart with a beautiful, tropical yellow 

colour, reminiscent of warm summer days at the beach  

One of the most important enzymes in pineapple is bromelain and it is bromelain that holds 

the key to many of the pineapple's health benefits. Fresh pineapple is full of these Sulphur-

containing, protein-digesting compounds so, what can they do for you? 

 Bromelain and Pineapples 

Bromelain has been found to be a useful anti-inflammatory, effective in reducing swelling 

and assisting in the treatment of conditions such as acute sinusitis, sore throat, arthritis and 

gout. For increased effectiveness, pineapple should be eaten between meals without other 

food. This is because of another of bromelaid's properties, that as an aid to digestion. If 

eaten with other food, bromelaid's health benefits will be taken up in helping to digest the 

other food. 

 Pineapple is high in anti-oxidants 

A very good source of vitamin C, pineapple offers your body an excellent protection 

against free radicals, substances that attack healthy cells. A buildup of free-radicals can 

lead to atherosclerosis and diabetic heart disease, an increase in asthma attacks and an 

increased risk of developing certain cancers, such as colon cancer. Free-radicals have also 

been shown to accentuate the problems associated with osteoarthritis and rheumatoid 

arthritis. Vitamin C, your body's most important water-soluble anti-oxidant has proven 

itself invaluable in fighting against and aiding treatment for these conditions. Vitamin C is, 

of course, also an excellent cold and flu fighter due to its importance to the proper 

functioning of the immune system. 

 Manganese 

Pineapple is also an excellent source of manganese, a mineral essential in some of the 

enzymes necessary in the body for energy production. It also has very good amounts of 

thiamine (vitamin B1) which is also important in these energy producing enzymes. 
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 Macular degeneration 

Pineapple and other fruit has been shown to be important in maintaining good eye health, 

helping to protect against age-related eye problems. Three serves of fruit a day, in particular 

those high in anti-oxidants, has been shown to lower your risk of developing this potentially 

debilitating condition. 

 Pineapple Stems  

There are even some beneficial molecules hidden in the stems of pineapples, Australian 

research has found. These molecules have been seen to act as a defense against certain 

types of cancer. The types of cancer benefited by these molecules are ovarian, breast, lung, 

colon and skin cancer. 

2.4. Ethiopia Import-Export of Fresh Fruit  

According to official GOE figures reported by the Central Statistics Agency (CSA), annual 

fruit production for MY 2017/18 is estimated roughly at 780,000 metric tons. This is 

slightly lower than production figures for previous crop year mainly due to reductions in 

banana acreage. In MY 2017/18, fruit crops occupied a total area of 104,000 hectares, down 

by 4% over preceding year. The total acreage and production volume of fruits represent is 

very small when compared to grains production. Production trends over the last five years 

indicate total area planted and production quantities have expanded approximately by half. 

However, national average yields shown fluctuation and this significantly varies across 

fruit crops. For instance, yield per hectare for avocados, lemons, and papayas have 

increased over the years. On the other hand, yields for pineapples, oranges, and mangos 

have declined. While, banana yields have almost stagnated during these periods. Erratic 

weather patterns, prevalence of pests and diseases, and limited access to improved cultivars 

have contributed to decreases in yields. 

The major fruit crops produced and exported are bananas, mangos, avocados, citrus, 

pineapples, papayas, and strawberries. Fresh fruits’ contribution to Ethiopia’s export 

earnings is fairly small but it is growing quickly. According to National Bank of Ethiopia, 

fresh fruits combined with vegetables generated US $56 million in export sales, accounting 

for about two percent of Ethiopia’s total agricultural exports in MY 2016/17. During the 

same period, total exports of fresh fruits reached 21,000 metric tons valued at US $8 
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million. Although imports are growing faster than exports, Ethiopia is a net exporter of 

fresh fruits. Exports are mainly destined to low-end regional markets such as Djibouti, 

Somalia, and Sudan. Meanwhile Ethiopia imports fresh fruits from Saudi Arabia, France, 

and South Africa. Export of fresh fruits in MY 2017/18 (Oct-Sep) is estimated to reach 

22,000 metric tons, slightly up by 1,000 metric tons from preceding year’s level. According 

to GOE official customs data, a total of 21,000 metric tons of fresh fruits valued at US $8 

million was exported during MY 2016/17. Exports of fresh fruits represent a very small 

fraction of total productions. The top three exports of fresh fruits by value are strawberries 

(US $2.5 million), bananas (US $2 million), and oranges (US $1 million). Major export 

markets for Ethiopian fresh fruits are Saudi Arabia, UAE, Somalia, and Djibouti. Overall, 

exports of fresh fruits are quite small due to low volume of local production, high costs of 

productions and poor quality of produces. In the near future, these factors would remain to 

pose serious difficulties for Ethiopia to compete with major global and regional producers. 

2.5. Utilization of Pineapple for Processing   

Traditionally pineapple is consumed as fresh or processed. The raw fruits are utilized for 

products like chutney, pickle, sauce pineapple beverages, etc. Ripe fruits are used in 

making pulp, puree, nectar, squash, leather, slices, etc. Diversification of pineapple product 

is a good strategy to increase consumption in the main market of the world. Thus, pineapple 

is now consumed in the form of single strength or concentrated juice, dehydrated and/or 

sugared, canned in slices or bits. The variety traditionally employed to develop these 

products has been Cayenne Lisa. Among the new developments are dried chips, cocktail-

type drinks, dried powdered, isotonic mixtures and wines. There are also new canned forms 

as whole fruit bars, flakes and cubes.  

Essentially a prime table fruit, pineapple pulp is perfectly suited for conversion to frozen 

juices, nectars, drinks, jams, fruit cheese, concentrates or to be had by itself or with cream 

as a superb dessert. It can also be used in puddings, bakery fillings, and fruit meals for 

children, flavors for food industry, and also to make the most delicious ice cream and 

yoghurt. Pineapple pieces can be mixed with other fruits to prepare fruit cocktails, which 

entail another commercial alternative (Coveca, 2002). 
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2.6. By-Product Utilization  

 When a pineapple is processed, the outer peel and the central core are discarded. The waste 

called pineapple bran accounts for about 50 % of the total pineapple weight, accounting 10 

tons of fresh bran or 1 ton of dry bran per hectare.  The bran can be used fresh for feeding, 

but is usually dehydrated with approximately 9 % molasses and ground into animal feed. 

The bran, either fresh or dried, is a good feed for ruminants and is usually mixed with grass 

as the roughage portion of the diet. Furthermore, the waste from pineapple processing can 

be used to make syrup, alcohol, vinegar, wine and three organic acids (citric acid, malic 

acid and ascorbic acid). Roughages from pineapple leaves can also be used to produce 

clothes and paper. The paper has special qualities regarding its thickness and softness and 

is used in many countries to produce bank notes (FAO, 2004). 

Pineapple peel wastes, which are seasonal, comprise of peels and rags. Their disposal poses 

a serious environmental pollution problem. Since pineapple peel is rich in cellulose, 

hemicellulose and other carbohydrates it was found to be a potential substrate for methane 

generation by anaerobic digestion. Ensilaging of pineapple peel resulted in the conversion 

of 55% carbohydrates into volatile fatty acids. The ensilage of pineapple processing wastes 

reduced the biological oxygen demand by 91 %. Biogas digester fed with ensilaged 

pineapple peel resulted in the biogas yield of 0.67 m3/kg volatile solids (VS) added with 

methane content of 65% whereas fresh and dried pineapple peels gave biogas yields of 

0.55% and 0.41 m3/kg VS added and methane content of 51 % and 41 % respectively 

(Swaroopa & Nand, 2004). 

2.7. Chemistry and Technology of Jam  

The quality criteria for jams and marmalades are decisively determined by the flavour, 

colour and consistency as well as state of preservation and distribution of fruits. These 

properties depend to a high degree on the quality of raw materials used, with special 

importance given to the proper selection of suitable fruits. The characteristic nature of the 

finished product is further determined by the addition of sugars, pectin and food grade 

acids. 
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2.7.1. Raw Materials 

 Fruits 

 Fruits used in the manufacture also generate an influence on the gelling process, depending 

on variety, state of ripeness and storage conditions. The most important factors are the fruit 

own pectin content, the sugar and acid content as well as the amount of minerals and other 

fruit specific constituents. With increasing ripeness, enzymes within the fruit degrade the 

fruit inherent pectin and the pulp becomes softer.  

The most important quality criteria for fruits used are: optimal state of ripeness, full fruity 

flavor, variety-specific color, no blemishes (no spots, no bruises), sufficient consistency 

(solidity of form), and soluble solids content in agreement with quality standards, perfect 

hygienic condition of raw materials and packaging 

 Sugar   

Sugars are one of the main constituents of jams, jellies and marmalades and influence the 

shelf life of these products decisively through the soluble solids content. At the same time, 

they provide taste, flavor, consistency and coloring. For jam production, mostly refined 

sugar or white sugar (sucrose) is used. During cooking, sucrose is partially inverted. This 

intended chemical reaction (splitting of sucrose into glucose and fructose by binding water) 

is influenced by: the pH-value, temperature and time of boiling. The formation of invert 

sugar prevents the crystallization of the sucrose in the finished product. On the other hand, 

a complete inversion of sucrose may lead to crystallization of the glucose in the product.   

 Pectin   

The gelling agent pectin, a constituent of the vegetable cell structure, strengthens and 

supports (as ‘’bonding substance”) the structure of the plant tissue. Any vegetable raw 

material with high pectin content is suitable for the production of pectins. Apples and citrus 

fruits have always been of superior importance for the production of pectin destined for the 

manufacture of jams, jellies and marmalades. The highly valuable pectin substances are 

present in the pulp and, in especially high concentration, the cell walls. This explains why 

the press residues from the production of apple and citrus juice are so valuable for large-

scale extraction of high-quality pectin’s. In the plant cell, pectin molecules are so tightly 
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linked to the other molecules in the cellular wall that they cannot be extracted by water. 

This water-insoluble form is called protopectin. The protopectin becomes soluble by acid 

hydrolysis and is then extracted with hot water. The pectin rich extract is mechanically 

cleaned and carefully concentrated. Pectin is then precipitated with alcohol from the liquid 

extract. Alcohol-insoluble pectin substances in pure form are obtained by this alcohol 

precipitation. Pectin substances are subsequently dried and ground to powder. The gel 

strength of pectin as a natural substance differs due to the raw material used and is 

standardized by blending with dextrose or other sugar types. 

The molecular structure of pectins is composed of D-galacturonic acid molecules, which 

are linked to each other in alpha-1-4-glycosidic formation to polygalacturonic acid. Part of 

the carboxyl groups is methoxylated with methanol. Neutral sugars like arabinose, 

galactose and xylose, which are linked as side chains to the pectin macromolecule, as well 

as the interruption of the main chain by rhamnose make pectin a heteropolysaccharide. 

Therefore, often neutral polysaccharides like galactane, arabane and also starch are 

concomitant substances of isolated pectin. However, the specific composition depends on 

the raw material. The gelling power of pectin is mainly based on its molecular weight, i.e. 

the number of chain links a pectin molecule boasts, which is kept intact by extremely 

sensitive production process.   

If all carboxyl groups of the polygalacturonic acid are free, i.e. not methoxylated, one gets 

pectic acid, its salts are called pectates. Pectic acid in nature is methoxylated (or esterified) 

in different degrees with methanol and thus becomes pectin. If the degree of esterification 

is higher than 50 %, it is called high methylester pectin; with less than 50 % it is called low 

methylester pectin. In selecting the suitable type of high methylester pectins – rapid, 

medium or slow set ones – the following criteria are of great importance: filling 

temperature and texture.  

 The criterion for selecting suitable pectin based on filling temperature is that the 

manufactured product’s setting temperature is lower than the filling temperature. This 

prevents pre-gelling, which would weaken the gel and exert a negative influence on the 

texture. The height of the filling temperature is determined by the machines and systems 

applied in the process as well as the size of the packing containers used. Containers which 
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cool more quickly allow a filling at high temperatures of 85 °C and 95 °C. Rapid set 

pectin’s in this temperature range provide good gelation as well as an even distribution of 

the fruits in the jelly. Containers which pass through a long cooling phase, on the other 

hand, require low filling temperatures of e.g. 70°C to 75 °C, since otherwise the 

consistency of the product might suffer by heat-related damage affecting the center. For 

this purpose, slow set pectin’s are used that do not tend to pre-gel in the temperature range 

in which they are applied. Furthermore, the setting rate may be controlled by adding 

suitable buffer salts. 

Such gelling retardation is usually practiced in the confectionery industry where processing 

with very high soluble solids is practiced.  

Texture is a very important parameter for sensory acceptance and depends largely on the 

composition of raw materials such as the type of fruit, fruit quantity and sugars used, but 

also on the selected type of pectin. Pectin’s with a very high degree of esterification result 

in firm gels which are characterized by the rheological parameter “highly elastic with a 

very low viscous phase”. Pectin’s with a medium degree of esterification result in firm gels 

which are characterized by the rheological parameter “highly elastic with an important 

viscous phase”. Apple pectin’s form gels with definitely higher viscous share than citrus 

pectin’s with the same degree of esterification do.  

For the purpose of spreading jam on slices of bread or sweet rolls, it should be noted that 

jellies with a lower elastic phase are more difficult to spread. In the extreme case, this 

implies that jellies spread on with a knife will just break up from a large lump into many 

smaller pieces. Gels with a higher viscous share, on the other hand, will spread on easily 

and form a coherent jelly layer on the bread. The proper selection of the suitable type of 

pectin will thus be a great help in controlling the desired rheological parameters of jam, 

jelly and marmalade.  

 Citric acid  

The optimum gel set normally obtained in the pH range of 2.8 to 3.3 for high methoxy- 

pectin. If the acid value is too high (pH-value under 2.8) the gel elasticity will be increased 

and the gels become firm and brittle. If the acid value is low (pH-value above 3.3) the gel 
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structures become very soft. When exceeding a certain pH limit, gelation is no longer 

possible. The presence of buffer salts in fruits, e.g. salts of citric and malic acid, suppresses 

the impact of pH modification by added fruit acids, part of the effective acid value is 

compensated. To get into the desired pH-value, the acid dosage must be raised. On the 

other hand, if the pH-value in fruits is too low, it can be increased in order to prevent pre-

gelation (Oakenfull and Scott, 1984). If the aim is a stabilization of the pH-value within 

strict limits, as is the case for jams, one profits from the specific properties of fruit acids to 

form excellent buffer systems with their salts, e.g. in the combination citric acid and sodium 

citrate. Among these acids, citric acid has been used in fruit jam production due to its taste, 

antioxidant characteristics, solubility and storage and handling characteristics. Citric acid 

is naturally present in a great number of fruits. It is crystalline and dissolves well in water. 

Citric acid is a weaker acid than tartaric acid, but stronger than lactic acid. The flavor of 

the citric acid is naturally sour and harmonious. This acid, too, is preferred to be added as 

50 % aqueous solution. As a rule, fruit acids are added to the cooking batch towards the 

end of the cooking process. This prevents pre-gelling, which might occur if the temperature 

of the cooking batch drops below the setting temperature due to the blending in of the sugar 

or the pectin solution. Even if all parameters are adjusted in an optimal way and the 

temperature is higher than the setting temperature, a processing time, which is too long, 

can lead to pre-gelation after the addition of acid.  

2.7.2. Gelling Mechanisms  

The association of pectin chains leads to the formation of three-dimensional networks that 

means to gel formation. Two or more chain segments bond together and start to interact. 

These are longer segments of regular sequence, which are ruptured by the incorporation of 

rhamnose or by the branching of the chain. Different types of chain associations exist which 

are determined by the degree of esterification of high methylester pectin’s. Two decisive 

factors initiate gel formation:  

 The addition of sucrose or other sugars has a dehydrating effect on the pectin 

molecules, which facilitates the approach of the polymer chains and enables a cross 

linkage of the hydrogen bridges.  
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 A lowering of the pH in a medium suppresses the dissociation of free carboxyl groups 

and thus reduces the electrostatic repulsion between the chains. The mechanism 

described above is referred to in literature as”sugar-acid gelling mechanism”. Recent 

studies, however, have shown that high methylester pectin’s are stabilized in the gel by 

a combination of hydrophobic interactions and hydrogen bridge bindings, which means 

that the term” sugar-acid-gelling mechanism” requires a closer definition. Methylester 

groups are the hydrophobic part of a pectin molecule. Hydrophobic forces push them 

into aggregate formations, while they are constantly striving to keep the contact surface 

with water as small as possible. Moreover, hydrogen bridges are formed, e.g. between 

non-esterified carboxyl groups, at a sufficiently low pH-value in the gel and the 

dissociation of the carboxyl groups is largely suppressed. 

According to Oakenfull and Scott (1984), the hydrogen bridge bindings are the responsible 

factor in the stabilization of a pectin network, but without the hydrophobic interaction of 

the methylester groups, gelation would not occur for energetic reasons. The higher the 

degree of esterification, the greater the impact of hydrophobic forces in the gelation. The 

number of hydrogen bridges over free, non-methoxylated carboxyl groups decreases.  If 

the pH is too high, the number of interfering factors (-COO-) decreases as well (in case of 

a too high product pH, dissociated carboxyl groups interfere with the network formation). 

These factors affect the gelling-pH-range. If the degree of esterification is extremely high, 

the suppression of dissociation does not matter anymore.   

The higher the degree of esterification, the higher also the pH-value is, at which gelation 

sets in. Completely methoxylated pectins (100 % degree of esterification) thus do not 

require any acid for gelation. The required high sugar concentration for the gelation of high 

methylester pectin’s could be explained, according to Oakenfull (1984), by the fact that 

certain sugars have an additionally stabilizing effect on the hydrophobic interactions. Low 

methylester pectin’s also gel according to the mechanism described above. However, they 

may form a gel even in relative independence from soluble solids content and pH-value if 

multivalent cations, e.g. calcium ions, are present. The following model has been used to 

describe this gelling mechanism: pectin’s chains cluster during the gelation process. Due 

to their bent shape they create cavities between them, which become occupied by carboxyl 
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and hydroxyl groups. Both the formation of cavities and the carboxyl and hydroxyl groups 

flavour the association of pectin chains by calcium gelation.  

2.7.3. Factors Affecting Gel Formation   

 Soluble Solids and pH-Value   

Figure 2.1 shows the setting ranges of sugar-acid-gels with high methylester pectin (setting 

range of high methylester pectins, Pilnik, 1980). Certain solids/ pH areas are identified in 

which pre-gelling or no gelling (liquid) occurs. Pre-gelling means that at the given filling 

temperature the products have already started setting. Pumping, stirring or depositing 

during filling destroys this incipient gel structure. 

The formation of a homogeneous gel is no more possible. Therefore, the texture of a 

pregelled product is mushy with reduced gel strength. The figure also explains that sugar 

and acid may substitute each other within certain limits in their contributions to the gel 

strength. Lower sugar content requires for proper gelation a lower pH-value. Higher pH-

values are feasible with higher sugar content. If the sugar content remains constant, gels 

with lower pH values will be firmer and more brittle; the same applies if the pH stays the 

same and the amount of sugar increases. The optimal soluble solids content for jams is 60-

65 % (Oakenfull, 1984). Replacing part of the sucrose with glucose syrup or the use of the 

optimal type of pectin may prevent the formation of brittle gels and the crystallization of 

sugar and dextrose. 

 

Figure 2.1 Setting range of high esterified pectins 

                           Source: Setting range of high methylester pectins, Pilnik, 1980 
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The lower limit for proper gelation of high methylester pectins is a soluble solid content of 

about 55 %. With 58-55 % soluble solids, high methylester pectins with a very high degree 

of esterification (above 75 %) show the best results. High methylester pectins do not gel at 

very low soluble solids contents, for this application low methylester and amidated pectins 

and calcium salts are used instead. Substituting sucrose by other sugars or polyols has an 

influence on the gelling characteristics of pectins and the texture of gels. The reasons for 

these phenomena are not yet sufficiently studied. It is assumed that this is due to the 

different water activities of the sweeteners at similar solids contents or substance specific 

differences in the stabilizing effect (Oakenfull, 1984). 

 Setting Time and Setting Temperature  

High methylester pectins are commercially available within a range of 50 to 80 % degree 

of esterification. This group of pectins shows a quite specific gelling behavior. Under the 

virtually same conditions, higher methylester pectins set faster and at higher temperatures 

than pectins with lower degrees of esterification. This explains the importance of setting 

time and setting temperature for the evaluation of high methylester pectins. The setting 

temperature is the temperature at which gelation starts subsequent to gel manufacture in 

the following cooling period. There is no setting above this temperature, even though all 

criteria for gel formation are met. Gelation of extremely high methylester pectins, as was 

shown in test gels, may, for example, start already at 90 °C , that of less high methylester 

pectins at 60 °C .   

The setting temperature depends on the raw material, the production technology, the 

pectin’s degree of esterification, the sugar content and the product’s pH-value, the amount 

of buffer salts added and the cooling rate. The faster the products are cooled, the lower the 

setting temperature required. Therefore, to compare setting temperatures, pectin gels are 

usually produced under reproducible, defined conditions and one subsequently observes at 

what temperature gelation sets in. The setting time is defined as the period in which a fruit 

preparation starts to gel at a defined, constant temperature after terminating the cooking 

process. The definition for rapid set pectins might be that under defined conditions gelation 

requires ten minutes at 90°C and slow set pectins need 20 minutes at 65 °C.  
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Rapid set pectins differ in their optimal pH-value from slow set ones. While slow set 

pectins achieve their greatest gel strength at a pH of 3.0 and less, the optimal pH-value for 

rapid set pectins is raised to higher pH-values(3.3 -3.6). For extra rapid set pectins, a pH-

value under 3.0 may even be unfavorable, especially if the soluble solids content is clearly 

above 60%. Gelation may then set in during the cooling process, with the very real risk of 

pre-gelling. Soluble solids of around 60 % and a pH value of about 3.0 are suitable for 

rapid set as well as slow set pectins (Figure 2.1). The differences are due to the setting 

temperature, setting time and gel texture. With high soluble solids contents and low pH-

values, slow set pectins must be used to avoid pre-gelling .With high soluble solids and 

high pH-values, on the other hand, rapid set pectin are recommended otherwise gelation is 

not possible. 

2.7.4. Technology of Jam Making    

The production of jam, jellies and marmalades involve three major processing steps: pectin 

preparation, boiling and filling and sealing processing stages. 

 Pectin Preparation 

The production of pectin solutions by way of a suitable system is the best possibility to add 

standardized pectin to the cooking process. If only slow-speed mixers are available, the 

pectin is mixed with about five times the amount of sugar and this mixture is dissolved in 

water with a temperature of at least 80°C. In this way, a 3-5 % pectin solution can be 

produced. If a dissolver with high-speed mixer is available (more than 1.500 rpm), pectin 

is added while the mixer is running and the water temperature is at least 80 °C, directly 

poured into the mixer flux and dissolved. Depending on the type of pectin, pectin solutions 

of 5-7 % may be produced. Nowadays, 7-10% pectin solutions can be produced, on modern 

injection mixers. The evaporating water volume is clearly smaller when such high 

percentage pectin solutions are added in the cooking process than it is the case with 3-5 % 

pectin solutions.  If sugar solutions or sugar syrups are used, pectin may also be suspended 

in 10 times the amount of liquid sugar/sugar syrup while stirring slowly. This suspension 

may then be incorporated into hot water with at least 80°C, which results in a 3-5 % pectin 

solution. If pectin is directly added to the product batch, i.e. not as pectin solution, this is 

best achieved with the above mentioned pre-mix of pectin and 5-10 times the amount of 
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sugar or a suspension with liquid sugar or sugar syrups. In this case it is important to 

observe that the soluble solids content in the batch during the dissolving of pectin is not 

above 30 %, since it otherwise interferes with the solubility. 

 Boiling 

Concentration of jams, jellies and marmalades is done with the objective to create a 

finished product with a long shelf-life and with the required soluble solids content. During 

cooking, a sufficient exchange between sugars, liquid medium and fruits is achieved, which 

prevents water loss in the finished product during storage. The pectin solution is then 

metered and further reduced by boiling under vacuum until the desired final soluble solids 

content is reached. Due to the low cooking temperatures, which may be as low as 65 °C, 

slow to medium rapid set pectin’s are applied in this process. Once the final soluble solids 

content is reached, the batch will be vented and acid is added. The temperature of the 

cooked material increases in this process, before discharging it should reach 80-85 °C in 

order to guarantee germ-free filling. Sophisticated cooking systems with flavour recovery 

condense the volatile aroma components from the escaping steam and return them to the 

cooking batch before its discharge. 

 Filling of Jams, Jellies and Marmalades  

Jams, jellies and marmalades are discharged from the vacuum kettle by way of pumps or, 

even more sensitively, by gravity into heated filling troughs with agitators, from which 

they are fed into filling machines. The temperature of the cooking batch at the time of 

filling is 70-85 °C. After filling and capping, the jars pass through a tunnel cooler and are 

sprinkled with cold water which lowers their temperature to 40-50°C. 

2.8. Technology of vinegar manufacturing   

There are three well-known processes of producing vinegar. 

 The Orleans Method  

This is one of the older and slower methods of creating a high-quality vinegar. This method 

involves the fermentation of vinegar inside a container. The container has holes drilled into 

it to allow oxygen inside. These holes also contain screen filters which prevent insects and 

bugs from entering the cask which will disturb the production. Oxygen is necessary for the 
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production of vinegar as the bacteria that turns the solution into vinegar requires oxygen. 

To create the vinegar, the alcoholic liquid is poured into the cask and then about 20% of 

fresh vinegar is poured into the cask to begin the fermentation process. Once the 

acetobacter bacteria oxidises the acetic acid the vinegar is now finished. There is a plug on 

the container to collect the finished vinegar, and also a tube to add more substances without 

destroying the film of vinegar bacteria. 

 The Trickling, Quick Process  

As the Orleans method is a very slow process, many people tried to increase the production 

by implementing a new method. This method of producing vinegar involves spraying the 

alcoholic substrate in the top layer of the fermentation chamber where it is filled with 

materials that carry a slime made of acetic bacteria so that the bacteria could react with the 

substrate and create vinegar. Due to the heat that is made during the fermentation of 

vinegar, air is forced through the chamber to keep it cool. The vinegar is recirculated two-

three times until the desired concentration of vinegar is achieved. Once the vinegar is 

achieved it is then collected from the collection chamber.  

 The Submerged Fermentation Method  

This method is the newer, faster, and more efficient methods of producing vinegar. It is 

mainly used in industrial businesses where the needed equipment is present. In this method, 

a high-speed motor breaks down air that is brought down from a stainless steel tank into 

tiny bubbles and is forced into the solution of alcoholic liquid and the bacteria for even 

faster oxidization. The final steps are filtration and pasteurization of the vinegar to stop any 

more bacteria growth and enzyme actions. As this process usually takes one to two days to 

process so this method is mainly used by big industries.  

2.8.1.  Health Aspects  

 Polyphenols  

Polyphenols are secondary plant metabolites that influence the flavour, aroma, colour and 

clarity of processed apple products (Lea, 1989; Spanos & Wrolstad, 1992). In addition, 

phenolic compounds in apples can prevent different chronic disorders such as cancer and 

cardiovascular disease (Dai and Mumper, 2010; Weichselbaum et al., 2010). Polyphenols 
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present in apples are classified into flavanols, hydroxycinnamic acids, dihydrochalcones, 

flavonols and anthocyanins (Tsao et al., 2005).  The content of polyphenols varies between 

different apple cultivars, but is also affected by growth conditions, maturity and processing 

(Spanos & Wrolstad, 1992). In juice from cider apples, the content of flavanols is higher 

compared to juice from dessert apples, resulting in a higher bitterness and astringency. The 

sensory attributes are ascribed to procyanidins, a group of flavanols (Kahle et al., 2005). 

The main procyanidins are epicatechin and procyanidin B2, and the content of these 

compounds is correlated with high antioxidant activity in the apple juice (Tsao et al., 2005). 

During processing of apples, several steps are involved which can have significant effects 

on the content of polyphenols. At milling and pressing, oxidation by polyphenol oxidases 

usually takes place and decreases the content of phenolic compounds in the juice (Spanos 

& Wrolstad, 1992). The oxidation can be reduced by inhibition of enzyme activity, either 

by heating or by addition of ascorbic acid or Sulphur dioxide (Bates et al., 2001). The 

polyphenol content, especially of procyanidins, is affected by the length of time and level 

of oxygenation when the juice and the pomace are in contact (Lea & Drilleau, 2003; Renard 

et al., 2010). When the procyanidins are oxidized, they become irreversibly retained in the 

solid particles and are then removed with the pomace at pressing or sedimentation. 

Additionally, the concentration is also dependent on clarification and fining treatments 

with gelatin or bentonite, because the polyphenols are entrapped in flocculation material 

and removed by the process. A cloudy juice therefore contains higher amounts of phenolic 

compounds compared to a clarified juice, making it an important source of natural 

antioxidants (Kahle et al., 2005; Oszmianski et al., 2007). 

2.8.2.  Vinegar Benefits  

Apart from the apple-derived polyphenols that are present in vinegar, additional health 

benefits have also been proposed. Vinegar has been used for thousands of years, both in 

food preparation and in some cultures to treat wounds and infections (Mazza & Murooka, 

2009). The antimicrobial property of vinegar in food preservation, due to the low pH, is 

well established but scientific research about medicinal properties is still scarce (Johnston 

& Gass, 2006). It has however been shown that vinegar can decrease the glycemic index 

in a meal (Leeman et al., 2005). The glycemic index is a measure of how the blood sugar 

is affected by the food. In both healthy people and in diabetes patients, an antiglycemic 
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effect can provide health benefits. A positive correlation has also been demonstrated 

between vinegar consumption and an increased satiety after having a meal, and this effect 

can be used for dietary recommendations to treat obesity (Östman et al., 2005). The 

biochemical mechanism behind the ant glycemic and satiety effects are not fully 

understood, but could involve a delayed gastric emptying or effects on enzymes in the 

metabolism of sugar (Johnston & Gass, 2006). 
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CHAPTER THREE 

3. Materials and Methods  

3.1. Sample Collection  

The raw material was obtained from Jimma Agricultural Research Center found in Jimma 

area which is located 346km from Addis Ababa. The selected pineapple, Smooth Cayenne 

variety was used for this study due to availability and nutritional quality. All collected raw 

materials were transported to Addis Ababa University’s School of Chemical and Bio-

Engineering, Food Engineering laboratory. All samples were packed with plastic bag and 

stored at dry condition for further use. Additional ingredients like sugar, pectin and citric 

acid were purchased from laboratory equipment and chemical suppliers in Addis Ababa.  

 Equipment  

The equipment required for developing pineapple jam were scales, plastic containers to 

wash fruit, stainless steel knives, spoons, chopping boards, water bath fitted with 

thermostat, fruit pulpier, large sealable food grade bins for intermediate storage of pulps, 

glass jar for packaging the final product, Moisture Analyzer (OHAUS MB 45) for moisture 

determination, Digital Refractometer (RFM960-C) for total soluble solid determination, 

Colour Spectrophotometer (CM-600d) for colour determination, Oven for moisture 

determination, Furnace for Ash determination, Digital Balance for sample measurement, 

pH meter (HI2020-01) for Determination of pH, Burrete for tittration, Magnetic stirrer for 

tittration, Refrigerator for sample storage, Colony counter (FUNKE GERBER) for 

Counting microbial colonies, Autoclave for sterilization of equipment and media, Laminar 

flow Hood (FLOW FAST V 15p) for microbial analysis, Incubator (BIOBASE) for 

Microbial analysis, Grinder for sample preparation as well as beaker, test-tubes and 

pipettes. 
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 Chemicals  

Chemical used for laboratory analysis were Potato Dextrose Agar for Microbial analysis 

(total plate count) Nutrient Agar for Microbial analysis (yeast and mould count), Sodium 

hydroxide (0.1N) Tittration (determination of titratable acidity), Phenophtaline Tittration 

(determination of titratable acidity), Alcohol Microbial analysis (cleaning). 

3.2. Location of the experiments  

The experiment on the jam and vinegar production process were conducted at Addis Ababa 

Institute of Technology(AAiT) in the Food Engineering and biochemical laboratories. 

Analysis of raw material and proximate composition, mineral, anti-nutritional factors 

(bioactive compounds), physical, microbial analysis and sensorial evaluation were done in 

the Ethiopian Public Health Institute, Center for Food Science and Nutrition as well as in 

the Addis Ababa University.  
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3.3. Experimental frame work of the research 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      

 

 

Figure 3.1 Experimental frame work of the research 
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3.4. Preparation of pineapple jam   

A standard commercial procedure to manufacture jams was followed (Downing 1996). 

Five kilogram of pineapple were sorted and washed. Fruit was coarsely ground with grinder 

for approximately 30 s. the pineapple pulp with a percentage of (45% 50% 55%), was 

mixed with sugar (45% 50% 55%), and pectin (3% and 5%) in various combinations. 

Ground fruit was brought to boil in a steam kettle to inactivate enzymes. Pectin was added 

under manual agitation and the mixture was boiled for 2 min to allow proper pectin 

hydration. pH was checked and adjusted if needed by addition of a few drops of 50% citric 

acid solution to a target pH of 3.0 to 3.2. Sugar was added and the mixture was boiled to a 

final concentration of 65 to 68 o Brix at different temperatures (90 and 105 oC final boiling 

point). The jam was hot-packed at 90 oC in glass jars. The jars were then cooled in normal 

air. 
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3.5. Experimental design   

Table 3.1 Pineapple jam experiment using general factorial design (Design Expert 6.0.8)   

a) Random order 

Run  Temperature (oC)    Sugar (oBrix)    Pectin (%) 

J1 90 45 5 

J2 105 45 5 

J3 90 50 5 

J4 105 50 5 

J5 105 50 3 

J6 90 55 5 

J7 90 50 3 

J8 105 45 3 

J9 105 55 3 

J10 90 45 3 

J11 105 55 5 

J12 90 55 3 

 

b) Standard order 

Run Temperature (oC) Sugar (oBrix) Pectin (%) 

J10 90 45 3 

J8 105 45 3 

J7 90 50 3 

J5 105 50 3 

J12 90 55 3 

J9 105 55 3 

J1 90 45 5 

J2 105 45 5 

J3 90 50 5 

J4 105 50 5 

J6 90 55 5 

J11 105 55 5 
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3.6. Physical and chemical analyses  

The physical properties of pineapple fruit such as weight of whole fresh fruit, weight of 

pulp, weight of peel and core was measured using analytical balance. The chemical 

composition analyses in fresh fruits pulps and in jams were conducted. 

3.6.1. Determination of ash content  

The crucible and lid were placed in the furnace at 5500C overnight to ensure that impurities 

on the surface of the crucible were burnt off. The crucible was cooled in the desiccators for 

30 minutes and weighed. The sample (5.0g) was weighed into the crucible (W1) and heated 

over low Bunsen flame with lid half covered. When fumes were no longer produced, the 

crucible and lid were placed in furnace, heated at 5500C overnight, during heating, the lid 

was removed, and replaced after the heating was completed, then cooled in the desiccators. 

The ash with crucible and lid were weighed when the sample turned Grey (W2). 

Calculation  

Ash (%) =  
Wt after ashing−tare Wtof crucible

Orignal sample Wt
∗ 100 

3.6.2.  Determination of moisture content (AOAC, 2006)  

This is based on the difference between the wet weight and the weight after oven drying of 

the sample to a constant weight. The empty dish and lid were dried in an oven at 1050C for 

3 hours and transferred to desiccators to cool and then weighed. The sample (3.0g) was put 

into the dish (W1). The sample was dried in an oven for 3 hours at 1050C. After drying the 

dish was transferred to desiccators to cool. The dish was reweighed and dried (W2). 

Calculation 

%Moisture =  
Wt of wet sample −Wt of dry sample

Wt of wet sample
∗ 100 

3.6.3. Determination of crude fiber (AOAC, 2006)  

The sample (2.0g) was weighed into round bottom flask. 100cm3 of 0.023M H2SO4 

solution was added and the mixture boiled under reflux for 30 minutes, the hot solution 

was filtered with insoluble matter washed with hot water until free of acid and transferred 

into a conical flask. 100cm3 of hot (0.312M) NaOH solution was added and boiled under 

reflux for 30 minutes and quickly filtered, residue was weighed, washed with acetone, dried 



35 | P a g e  
 

to constant weight in an oven, cooled in a desiccators and weighed in a crucible (W2). The 

crucible and its content were incinerated in a muffle furnace at 5500C for 2 hours, cooled 

in a desiccators and reweighed (W3).     

Calculation 

 % Fiber = 
W2−W3

W1
∗ 100 

             Where: W1 = Weight (g) of sample   

                        W2 = Weight of (g) of insoluble matter   

                        W3 = Weight of (g) of ash  

3.6.4.  Determination of protein content (AOAC, 2006)  

The sample (1.0g) was placed in a digestive flask, Kjeldahl catalysts (5.0g) and 200ml of 

concentrated H2SO4 (0.023M) were added. A tube containing the above chemicals was 

prepared except as blank, placed in an inclined position and heated gently until frothing 

ceased and boiled briskly until solution cleaned. After cooling, 60ml of distilled water was 

cautiously added. Immediately, the flask was connected to digest on condenser, immersed 

in standard acid and 5 drops of indicator were added, the receiver was removed, tip of 

condenser washed and titrated with excess standard acid. 

Calculations  

Protein (%) = 
(A−B)∗N∗1.4007∗6.25

W1
 

 Where: A = Volume (ml) of 0.2N HCl used in sample titration.     

              B = Volume (ml) of 0.2N HCl used in blank titration.     

              N = Normality of HCl     

              W = Weight (g) of sample   

              1.4007 = Atomic weight of Nitrogen   

6.25 The Protein Nitrogen Conversion Factor and its by-product 

3.6.5.  Determination of fat  

Fat - was determined using the CEM Fat Analysis System (FAS-9001 (CEM Corporation, 

Mathews, NC) in conjunction with the CEM Moisture/Solids Analyzer (LabWave 9000TM 

or AVC-80). Fat extraction and analysis utilized methylene Chloride in the FAS-9001 
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system. Upon completion of the moisture analysis, pads containing dried samples were 

removed and Transferred to the FAS-9001 system where fat extraction with methylene 

Chloride was done. Extraction, washing and vacuuming lasted 7 minutes. At the 

completion of fat extraction, the pad with the extracted sample was removed and returned 

to the Moisture/Solids Analyzer where it is re-dried (removal of any moisture / solvents), 

re-weighed and percent fat calculated by difference. 

3.6.6. Determination of total soluble solid 

Soluble solids / °Brix: was measured by the lab bench digital refractometer (Model 

RFM960-C, Bellingham Stanley) with samples equilibrated at 20oC prior to taking 

measurement, 1 ml of each sample was poured on refractometer prism and readings taken. 

Values were expressed as oBrix. 

3.6.7.  Determination of pH  

pH: was performed to predict quality and shelf life stability and possibly Microbial activity 

of the products. Measurements were done using edge® Multipara meter pH Meter 

(HI202001) attached digital electrodes (Hanna Instruments, Inc). Prior to taking 

measurements, a three-point calibration with three buffers - pH7.0, pH4.0, and pH10.0, 

was performed.  

3.6.8.  Determination of Titratable acidity 

Titratable Acidity: Titratable acidity was determined by titration to a phenolphthalein end-

point (Bradley, 1972). The known weight of jam was titrated against sodium hydroxide 

using phenolphthalein as an indicator (Anonymous, 1995). 10 ml sample was taken in a 

conical flask and 10 ml distilled water and 3-4 drops of phenolphthalein indicator were 

added. The solution was titrated against 0.1 N NaOH solution till the colour of solution 

was changed to pink. Then burette reading was recorded (Jannete, 2005) 

3.6.9.  Determination of Vitamin C (Total Ascorbic acid) content  

The vitamin C content of the pineapple fruit pulp and jam were determined as to the 

laboratory manual of EHNRI Food Chemistry Laboratory using Spectrophotometric 

method. The reagents used were deionized water, 9NH2SO4, 85% H2SO4, 5% meta 

phosphoric acid, HPO3, H3PO4, 2% 2.4-DHPH in 100 ml of 9N H2SO4, 2% Thiourea, 
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saturated bromine solution, 6% Trichloroacetic acid and ascorbic acid standard. The 

apparatus used were: Grinder, Centrifuge, Filtration apparatus (funnel, vacuum pump, and 

filter paper), pipette, test tubes, volumetric flasks, Erlenmeyer flasks (250 ml), water bath 

apparatus and ice bath, and UV-Vis Spectrophotometer.   

The procedure used for the determination of the Vitamin C content of the pineapple fruit 

leather includes: extraction, oxidation to Dehydroascorbic acid, formation of Osazone, 

formation of soluble pigments (Treatment with 85% H2SO4), measurement of Color, and 

development of standard curve.   

The calculation to obtain the vitamin C content of the fruit leather was done using the 

following formula: 

mg ascorbic acid = 
A(Sample)−A(blank)

A(10µg std)−A(blank)
 

Where, A(sample) = Absorbance of the sample 

 A(blank) = Absorbance of the blank  

  A (10 µg std) = Absorbance of 10 µg standard 

 

3.7.  Phytochemical Analysis 

Phytochemical analysis was carried out to ascertain the presence of the different 

phytochemicals in the spiced fruit drink using standard procedure (Trease and Evans, 1989; 

Sofowora, 1993).   

3.7.1.  Extract preparation 

The phytochemical present in the sample5g was extracted with50ml of methanol at 25°c at 

150 rpm using incubator shaker for 24 hours and filtered and the solution concentrated 

using water bath. The concentrated solution was determined by measuring the absorbance 

of the phytochemical using spectrophotometer at different wavelength. 

3.7.2.  Estimation of total phenol content 

The total phenolic content was determined by the spectrophotometric method (Kim et al., 

2003) with slight modification. In brief a 1 ml of methanol 80% fruit extract was mixed 

with 1 ml of Folin-Ciocalteu’s phenol reagent and incubated 5min at room temperature. 
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After 5 min, 10 ml of a 7% Na2CO3 solution was added to the mixture and adjust the 

mixture to 13ml with distilled water and mix. The mixture was kept in the dark for 90 min, 

after which the absorbance was read at 750 nm. The total phenolic content was determined 

from extrapolation of calibration curve which was made by preparing Gallic acid solution 

(20-100 μg/ GA and expressed as (μg GA/ g) of dried extract.  

3.7.3.  Estimation of total flavonoids content 

The total flavonoids content of pineapple fruit pulp and jam was estimated by method 

described by Zhishen et al., (1999). A volume of (1ml) of methanol 80% extract and was 

mixed with 4ml of distilled water and subsequently with 0.30ml of a NaNO2 solution (10 

%). After 5 min, 0.30 ml AlCl3 solution (10 %) was added fallowed by 2.0ml of NaOH 

solution (5 %) to the mixture. Immediately, the mixture was thoroughly mixed and 

absorbance was then determined at 510 nm versus the blank. Standard curve of quercetin 

was prepared (10-500 μg/ml) and the results expressed as quercetin equivalents (μg 

quercetin/g dried extract).  

3.7.4.  Estimation of total tannins content 

The tannin content was determined using (burns, 1963) with slight modification. 1gram of 

sample in a screw cap test tube added 10ml 1% HCl in methanol to the tube containing 

sample, lid put the tube on mechanical shaker for 24 hours at room temperature centrifuge 

the tube at 1000 rpm for 5min. A volume of 1ml supernatant and mix with 5ml of vanillin-

HCL reagent in another test Tube. Waited for 20min to complete the reaction read the 

absorbance at 500 nm using spectrophotometer. The total tannins content was calculated 

from the prepared standard curve with 20 - 100 μg/ GA and expressed as (μg GA/ g) dry 

extract. 

3.8. Microbial load determination   

The microbial load of both jam and fruit jam were under the limit at the end of 120 days. 

Hence, the prepared jam and fruit bar were safe and fit for consumption. Total viable count: 

One ml of aliquots from suitable dilution was transferred aseptically into sterile Petri 

dishes; to each dilution 10-15ml of melted and cooled 42ºC plate count agar was added. 

The inoculums were mixed with media and allowed to solidify; the plates were then 

incubated at 37ºC for 48hours. A colony counter (Quebec colony counter) was used to 



39 | P a g e  
 

count the viable bacteria. Yeast and mould enumeration: From suitable dilution of sample, 

0.1g chloramphenicol per one liter of medium to inhibit bacterial growth, Samples were 

spread all over the plates using a sterile bent glass rod. Plates was then incubated at 25-

28ºC for 48hours Colony forming units (CFU) was counted using a colony counter and the 

results were presented as CFU/g.  

3.9. Sensory evaluation   

Sensory evaluation of prepared pineapple jams and imported pineapple jams was 

conducted. The sensory evaluation was conducted 4 weeks after the jam was prepared. The 

prepared jams were kept refrigerated for 4 weeks at 12°C and at room temperature for 24 

hours before sensory evaluation was carried out. The sensory evaluation was carried out 

using untrained sensory panels consisting of students and staff from the faculty of 

technology AAU. The numbers of panelists were 20 (8 females and 12 male). The sensory 

method employed is a nine-point hedonic scale to assess over all appearance, color, taste, 

flavor, aroma, sweetness and 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). The panelists were briefed how to 

use sensory evaluation forms and terminologies of sensory attributes. Each panelist 

received samples numbered with three digit random numbers and presented according to a 

randomized complete block design. Statistical analysis was done using Statistical Package 

for Social Scientists (SPSS version 17.0). 

3.10.  Statistical Data Analysis  

 All results are mean ± standard deviation Each analysis was made in duplicate. Analysis 

of variance (ANOVA) by Tukey’s Studentized range test at P≤ 0.05 was applied for 

multiple comparisons of the means. Differences among treatments were analyzed using 

proc mixed procedure. Data analysis was performed with SAS (SAS Institute Inc., Cary, 

NC). Differences were considered to be significant at p < 0.05. 
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3.11. Materials and Methods for Vinegar Production  

3.11.1. Raw material   

The major raw materials for the production of vinegar are pineapple peel, saccharomyces 

cerevisiae, Acetobacter, a genus of aerobic bacteria, and oxygen.  

a) Pineapple peel and core  

Pineapples Smooth Cayenne variety samples were collected from Jimma agricultural 

research center and Then it was kept at 22 °C before undergoing the saccharification 

process. The pineapples were washed and then wastes (by product peel and core) were 

separated from the edible pulp and the crown. The pineapple wastes used in the study, peel 

and core, were separately processed. The peels were manually cut in small pieces using 

knife and then chopped in an electric blender to obtain a homogeneous mixture. Similarly, 

pineapple core mash was prepared. Samples of 50 g and 20 g of peel and core respectively, 

were stored in freezer (-18 °C) prior to use. 

b) Acetobacter Bacteria 

Cultures Acetobacter acetic cultures are used for vinegar production. These perfectly work 

at a temperature of 28 °C (82 °F) with full air injection. The lowest temperature that the 

bacteria can tolerate is 20 °C (68 °F) and the maximum temperature is 33 °C (91 °F). Below 

and above these temperatures, there is no conversion from alcohol into acetic acid. The 

starting alcohol should be lower than 7.5 % (v/v) and there should be no free Sulfites. In 

the natural processes, Acetobacter are allowed to grow over time. However, mother of 

vinegar is added as a source of Acetobacter for commercial production. Mother of vinegar 

is the gooey film that appears on the surface of the alcohol product as it is converted to 

vinegar. Mother of vinegar is skimmed off the top and added to subsequent batches of 

alcohol to speed the formation of vinegar. It consists natural carbohydrate called cellulose 

and this film holds the highest concentration of Acetobacter. Sometimes in the vinegar 

factory Acetozym nutrients are added in to the alcohol liquid as a bacterial culture. 

Acetozym nutrients are manmade powdered form of mother of vinegar. In this study three 

acetic acid bacterial strains used for fermentation of vinegar were propionic bacterium 

acidipropionici, panteo agglomerans, and pantea dispersa which were obtained from 

institute of biodiversity found in Addis Ababa. thus there were no related study using these 

microbial strain but the need to study using these acetic acid bacteria was due to the 
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limitation of recommended acetic acid bacteria’s (Acetobacter strain) therefore to conduct 

this study the option was to use the available acetic acid bacterial strains which are 

extracted from fruits. Then the study was conducted to evaluate which strain was more 

suitable for the production of high acetic acid yield or which strain of these bacteria give 

as high yield of vinegar. This study also the effect of fermentation time on the yield of 

vinegar production.    

3.11.2. Vinegar production   

There are different types of vinegar production methods, Orleans Method, Generator 

Method, and Submerged Fermentation Method from these The Submerged Fermentation 

Method is used for the production of vinegar. After preparation of all raw materials Vinegar 

fermentation is essentially a two stage process, being the first one the anaerobic conversion 

of fermentable sugars to ethanol by yeasts, usually Saccharomyces species, and the second 

the aerobic oxidation of ethanol to acetic acid by bacteria, usually Acetobacter species 

(Adams, 1998; Horiuchi et. al., 2000). Acetic acid yield from fermented sugar is 

approximately 40%, with the remaining sugar metabolites either lost to volatilization or 

converted into other compounds. Acid yield improvements can be achieved using high 

rates aeration during continuous production.  

a) Juice extraction  

The pineapples peel which were separated from the pulp were washed and shredded in a 

small-scale commercial system with a centrifugal grating mill (Voran Machinery). The 

juice was roughly strained and stored at 8°C in a plastic bucket for some hours and then 

frozen at -18°C until preparation for fermentation.    

b) Alcoholic fermentation  

800ml of pineapple peel and core juice was poured in to 1000ml of flask then the juice was 

heated to 50oC in conventional oven for 20minute and cooled at room temperature, before 

inoculation of yeast. The yeast strain saccharomyces cerevisiae which was obtained from 

BGI Ethiopia brewery S.c was inoculated at inoculation concentration of 80g/hl. Then the 

fermentation process was started at temperature of 20oc by closing the flask with rubber 
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cape and the fermentation lock was mounted. After 21 days of fermentation the 

fermentation process was stopped and chemical analysis were conducted.  

c) Acetous fermentation  

After alcohol fermentation 200ml of fermented wine was poured in to three cleaned 500ml 

of Erlenmeyer flasks and the three selected acetic acid bacterial strains were inoculated.  

The flasks which contain the inoculated wine were placed dark in 28°C, and mounted with 

aeration system. The fermentation was run over 72-hrs, and then the products were roughly 

filtered using Muslim clothes to remove the produced slime.  

3.11.2.1. Determination of Total soluble solids 

Total soluble solids (TSS) in the pineapple, wine and vinegar was measured as % Brix with 

a portable digital refractometer. The measurements were made in triplicate for each sample.   

3.11.2.2.  Determination of Total Reducing Sugar  

Benedict‟s solution is designed to detect the presence of reducing sugars. In hot alkaline 

solutions, reducing sugars reduce the blue copper (II) ions to brick red copper (I) oxide 

precipitate. As the reaction proceeds, the colour of the reaction mixture changes 

progressively from blue to green, yellow, orange and red. When the conditions are carefully 

controlled, the colouration developed and the amount of precipitate formed depends upon 

the amount of reducing sugars present. Hence, in most conditions, a sufficiently good 

estimation of the concentration of glucose-equivalent reducing sugars present in a sample 

can be obtained. The concentration of total reduced sugar (TRS) content of hydrolysates 

which obtained from hydrolysis is determined using digital spectrophotometer by using 

measuring absorbance vs sugar concentration at 540nm wavelength. To do that standard 

glucose dilution series solution is prepared at different concentration of 0,1,1.23,1.25,1.38 

and 1.5g. Then, pipette 0.5ml from each of the dilution series in to labelled test tube, each 

containing 5ml of Benedict’s solution then mixes the solution by shaking. The labelled test 

tubes are heated at 90oc water bath for 5 minutes. Each of the test tube are removed from 

the water bath and filter using filter paper to remove red precipitate formed when the 

reduced sugar in the sample reacted with Benedict reagent. After filtered precipitate % 

absorbance is measured using spectrophotometer at 540nm.Calibration curve is plotted to 

show the % of absorbance blue light by the standard glucose solution. 
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CSRSUS = (absorbance of unknown sample) – (y-intercept)/slope 

Where, CSRSUS = concentration of total reducing sugar of unknown sample 

3.11.2.3.  Determination of pH  

The pH content analysis was performed to predict quality and shelf life stability and 

possibly Microbial activity of the products. Measurements were done using edge® 

Multipara meter pH Meter (HI202001) attached digital electrodes (Hanna Instruments, 

Inc). Prior to taking measurements, a three-point calibration with three buffers - pH7.0, 

pH4.0, and pH10.0, was performed.  

3.11.2.4. Titratable acidity 

The content of acid in the vinegar was analyzed by titration equipment. Titratable acidity 

was determined by titration to a phenolphthalein end-point (Bradley, 1972). The known 

volume of vinegar was titrated against sodium hydroxide using phenolphthalein as an 

indicator (Anonymous, 1995). 10 ml sample was taken in a conical flask and 10 ml distilled 

water and 3-4 drops of phenolphthalein indicator were added. The solution was titrated 

against 0.1 N NaOH solution till the colour of solution was changed to pink. Then burette 

reading was recorded (Jannete, 2005)   

3.11.2.5.  Specific Gravity 

 The specific gravity was measured with a non-professional hydrometer for a quick and 

easy estimation of the produced alcohol in the cider. The reading was made three times per 

sample. The reading was compared to a conversion table to alcohol, provided by Proulx & 

Nichols (2003). 

3.11.2.6. Statistical Data Analysis 

The taste of the vinegar will be evaluated as a descriptive analysis of flavour attributes and 

as an acceptance test. The panelist was asked about the intensity of the flavour attributes 

sweetness, acidity and astringency and marked their perceived sense on ranging from ‘very 

weak’ to ‘very strong’ and dislike very much to like very much. The collected data were 

treated in the statistical software Minitab 16. Analysis of variance (ANOVA; One way and 

General Liner Model) and a multiple pairwise comparison of means (Tukey´s test) was 

used to determine significant differences (p ≤ 0.05). Correlation analysis (Pearson´s 
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correlation coefficient) was made between the perceived taste and the chemical 

composition.  
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CHAPTER FOUR 

4.  Results and Discussion 

4.1. Physical properties of Pineapple Fruit 

The physical property of raw pineapple fruit is one of the most important parameters on 

the selection of suitable raw materials for the required final product. As a result, the 

physical properties of fresh pineapple fruit smooth cayenne variety was analyzed and the 

result showed in table:4.1  

Table 4.1 Physical analysis result for fresh pineapple fruit 

Particulars   weight in gram 

Initial Weight of the fruits(g)  1243.28 

Weight of the fruits after trimming and 

cutting(g)  1017.97 

Weight of the inedible portion(g)  634.67 

Weight of pulp(g)    383.303 

                 

4.2. Proximate composition of Pineapple Fruit  

Apart from physical tests, the selected physico-chemical parameters which may influence 

the quality of pineapple fruit jam were pulp moisture content, TSS, pH, Ash, Total acidity, 

protein, fat, fiber, mineral composition, vitamin C content and phytochemical composition 

are present in Table 4.2. 
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Table 4.2 Pineapple fruit Chemical property 

Particulars   weight in g/100 

moisture content(%)   85.22 

Ash (%)  1.63 

pH  3.63 

TA(%)  1.82 

TSS (0Brix)  14.6 

Fat (%)  0.92 

Fiber (%)  4.11 

Protein (%)  3.85 

vitamin C(mg)  27.5 

K (mg)  102 

Mg (mg)  10.8 

Ca (mg)  13.8 

Fe (mg)  0.41 

Flavonoid (µg GA/g)  19.44 

phenol(µg GA/g)  12.9 

Tannin(µg GA/g)   27.62 

 

The results measured in the preliminary study indicated in the Table shows that the TSS, 

pH, titrable acidity are within the range for chemical composition of common ripe 

pineapple cultivars grown in different countries. 

4.3. Physicochemical characterization of pineapple jam 

The physiochemical properties of foods (rheological, optical, stability, “flavor”) ultimately 

determine their perceived quality, sensory attributes and behavior during production, 

storage and consumption (McClements, 1999). The jam samples were studied for 

Physiochemical properties like pH, Moisture, Ash, total acidity, soluble solids protein, 

fiber, fat, mineral and Vitamin C. The Physiochemical attributes of different formulations 

of jam are presented in the following tables. The proximate composition of the studied 

pineapple jams was presented in Table 4.3 and significantly different (p<0.05). Table 4.3 

shows that the amount of moisture content in each formulation has a significant change 

respect to the fresh pineapple fruit the amount of moisture content slightly decrease with 

an increasing concentration of sugar and pectin from (45% to 55%) and 3% to 5% 

respectively. Temperature also have significant effect on moisture content when the 
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temperature rises from 95oc to 105oc the amount of moisture content slightly decreases. 

The moisture content in present study was found to be in range from 29.23 to 33.84. 

However, the moisture content observed in the whole samples shows that all products 

potentially possessed good shelf life  

Moisture content in any food commodity plays key role in deciding its shelf life (Fellows, 

2000). Usually, high sugar content makes the moisture unavailable for the growth of 

microorganisms, thus improving the shelf life of food (Afoakwa et al., 2006). Activity of 

microbes and enzymes may also be responsible for the fluctuation in moisture content 

(Ashaye et al., 2006).  

 

                      Figure 4.1.  Effect plot for moisture content for pineapple jam 

 Ash    

Ash content represents minerals like calcium, potassium and iron. Value of ash indicates 

the stability of products. Ash content can become lower due to the utilization of minerals 

by microorganisms for their growth (Ashaye et al., 2006). Ash content of the jam sample 

shows significant difference by temperature, sugar concentration and pectin (p<0.05). 

Table 4.3 shows that ash% of pineapple jam was progressively increased with an increase 

in sugar concentration this had an effect on the amount of ash present in jam samples. 
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Ash% calculated in present study ranged from 0.166-0.387% which makes comparable to 

that of grape, apricot, blueberry and strawberry jams 0.18, 0.25, 0.12 and 0.23 g/100g 

respectively (Mohd Naeem et al., 2017). 

 

Figure 4.2. Effect plot for Ash content for pineapple jam 

 Total Soluble solid   

 One of the most important constituent of fruits is sugar which acts as a natural food 

preservative (Ayub et al., 2010).  In this study the TSS of the whole studied pineapple jams 

was presented in the following Table 4.3 shows significantly different (p<0.05). The TSS 

was maintained in the range of 66.2- 71.650Bx for all samples except for J6, J9, and J12 

which was 63.5, 64.0, and 63.30Bx respectively. In this study sugar concentration has 

significant effect on whole sample (p<0.05) when the amount of sugar increases the total 

soluble sugar also slightly increase. Pectin has a significant effect on TSS content of jam 

samples (p<0.05). but on the case of pineapple jam preparation temperature has no 

significant effect on all samples TSS(p<0.655). in some studies, the gradual increase in 

total soluble solids of pineapple jam were also observed (Koli et al., 2004). To retard the 

microbial growth Brix of 68+ 0.71 is recommended (James 2002) and also Jam shall 

contain a percentage of soluble solid in the range of 57 –68ºBrix (Malcolum, 2005). This 

essential constituent of jelly imparts to it sweetness as well as body. If the concentration of 



49 | P a g e  
 

sugar is high, the jelly retains less water resulting in a stiff jelly, probably because of 

crystallization. (Srivastava and kumar 2006). 

 

 

Figure 4.3. Effect plot for TSS content for pineapple jam 

 pH    

The pH value of a food is a directly related to the free hydrogen ions in that food. The pH 

of jam is an important factor to obtain optimum gel condition.  The values of pH observed 

in different samples are given in table 4.3, the data revealed that the pH of different 

formulations of Pineapple jam ranged from 2.92 to 3.32 which are in the prescribed limits 

of (FAO, 2009). However, temperature had a significant difference (p<0.05) on the pH 

value of all samples when the temperature rises from 90oc to 105oc the pH value of the jam 

sample become slightly decreases Temperature plays a significant role on pH 

measurements. As the temperature rises, molecular vibrations increase which results in the 

ability of water to ionize and form more hydrogen ions. As a result, the pH will drop. The 

dissociation of water into hydrogen and hydroxide ion can be represented as Every solution 

will undergo a change in their pH value through changes in temperature. 
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. Sugar concentration had a significant difference(p<0.05) on the pH value of all samples 

when the sugar concentration increases from 45% to 55% the pH value of the samples 

slightly increase which is acidity of the sample become decreases. Pectin also had a 

significant difference (p<0.05) on pH value of all pineapple jam samples but (Afoakwa et 

al., 2006) says Pectin had no significant effect on the pH of jam.  The pH value is most 

important factor that should be monitored and controlled in jam processing. the 

recommended level of pH (3.0 to 3.5) which was the case with all formulated jams (FAO, 

2009) 

 

Figure 4.4. Effect plot for pH content for pineapple jam 

 Total Acidity    

Titratable acidity is one of the most important quality parameter in jam processing. The 

acidity of a food product represents the stability and shelf life of that product. Acidity value 

of jam is because of the organic acids present naturally in fruits and those added while 

preparation of jam. Acidity gives imperative effect on the gelation property of pectin 

(Mizrahi, 1979). The total acidity values in present study showed that increase in sugar 

concentration decreases the total acidity. The value of total acidity ranged from 1.39 to 

0.901 which is in line with the standard value of good quality jam. Sugar concentration and 
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temperature had significand difference (p<0.05) on the Titratable acidity of all jams. The 

J2 formulation containing 45% sugar showed 1.39 % acidity which is the highest acidity 

value. J3 sample having 55% sugar exhibited 0.901%. when the temperature rises from 

90oc to 105oc the total acidity of the jam become slightly increases this was the reason to 

decreases the pH value of jam. As the studies shows pectin had no significant 

difference(p<0.807) in total acidity between all treatments. it was found that lowest 

percentage acidity (0.98%) was exhibited by J4.  

 

Figure 4.5. Effect plot for TA content for pineapple jam 

 Protein  

The crude protein value of the jam samples ranged from 0.05 – 0.373%; J3 sample was the 

lowest (0.05%) compared to the other samples and J5 sample was the highest protein values 

(0.373%) compared to the other samples. Temperature, sugar and pectin concentration had 

significant difference(p<0.05) on protein content of all jam samples. Protein content of 

food materials depend on the processing temperature and food protein composition but 

when protein exposed to high temperature it results degradation of amino acid compounds 

therefore due to this the amount of protein contain become decrease this was similar to 
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what was observed in this study as the result showed on the following table the protein 

content of pineapple jam slightly decreases when the temperature increases and vice versa. 

Crude protein content decreased in jam during heat treatment proteins undergo 

denaturation/ degradation and thus reduction in the crude protein content (Whitaker, 1981). 

Similarly, when the concentration of sugar and pectin increases and the concentration of 

fruit decreases the protein content of the jam samples shows slightly decrease. But these 

pineapple jam result indicated that the formulation samples J2, J4, J5, J6, J10, and J12 had 

high protein content as compared to the control sample (0.2%)which was imported 

pineapple jam which was available in local market.  

 

Figure 4.6. Effect plot for protein content for pineapple jam 

 Fat  

knowing that low fat diet rich in fruits and vegetable may reduce the risk of some types of 

cancer (Bhaskarachary, et al., 1995). The fat content of the jam samples ranged from 0.15% 

to 0.535%, while the fat content of control sample was very low (0.29%). The result 

obtained from the study the fat content shows significant difference(p<0.05). As showed 

on the following table 4.3 the fat content of pineapple jam was slightly decreases when the 
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concentration of sugar increase this might be attributed to the ratio of composition of the 

fruit pulps to sugar. Higher percent decrease in fat content in jam as compared to nectar 

can be due to thermal degradation of fats at higher temperatures (Fennema, 1997).    

 

Figure 4.7. Effect plot for fat content for pineapple jam 

 Crude fiber 

There was significant (p<0.05) difference in the fiber contents all the samples. Sample J11 

had the highest fiber value(1.02grm), while the J7 sample had the lowest (0.4grm). as 

showed on the following table 4.3 the fiber content of pineapple jam samples indicates 

slightly decreases when the concentration of sugar increases and also when the temperature 

rises from 90oc to 105oc the fiber content of the jam slightly decreases. Crude fiber content 

when compared with pineapple fruit pulp decreased highly in pineapple jam. This decrease 

can be attributed to the addition of sugar in the preparation of jam.   
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Figure 4.8. Effect plot for fiber content for pineapple jam 

 

 vitamin C  

Ascorbic acid is sensitive to heat, light and high temperature during cooking results in loss 

of vitamin C. The naturally occurring antioxidants were significantly decreased during 

heating (Anese et al., 2002). Vitamin C (L-ascorbic acid) is the least stable of all vitamins 

and will easily be destroyed during processing and storage. Exposure to oxygen and light 

and prolonged heating in the presence of oxygen during processing will decrease the 

vitamin C content of foods (Fennema, 1996). The vitamin C content recorded was in range 

from 7.74 to 9.9 as shown in Table 4.4 are in line with the reported values of (Siddique et 

al., 2015). This study shows that by increasing amount of sugar the vitamin C content was 

slightly decreased. It is due to the fact that increased concentration of sugar results in the 

increase in cooking temperature owing to the presence of high amount of dissolved solids. 

Increase in temperature increases the loss of vitamin C. Similar results were recorded by 

Jawaheer et al. (2003) who observed 37.5% retention of ascorbic acid in guava jam after 

processing.  
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Figure 4.9. Effect plot for Vitamin C content for pineapple jam
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Table 4.3 Proximate composition of pineapple jams 

RUN      MC (%)        Ash (%)         pH             TA TSS(0Brix)  Fat (%) Fiber(%) Protein(%) 

J1 29.830±0.24c 0.284±0.00141cde 3.07±0.0283cd   1.0810±0.000212c 68.5± 0.141abc 0.515±0.01a 0.415±0.03g 0.054±0.012f 

J2 29.400±0.141c 0.387±0.00141a 2.92±0.0141f   1.3865±0.00778a 71.65± 0.354a 0.53±0.02a 0.76±0.02c 0.38±0.02a 

J3 32.065±0.024a 0.268±0.00141e 2.97±0.0141ef   0.90095±0.000354e 66.35± 0.141cd 0.535±0.01a 0.445±0.01g 0.05±0.01f 

J4 31.765±0.0212ab 0.3009±0.000141c 3.02±0.0283de   1.2655±0.00636b 66.7± 0.141bcd 0.375±0.05ab 0.53±0.02ef 0.255±0.03bc 

J5 30.320±0.283bc 0.3395±0.000707b 2.985±0.0212ef   1.2655±0.00636b 66.4± 0.141ab 0.15±0.02cd 0.51±0.02f 0.3725±0.025a 

J6 32.5±0.0.141a 0.1665±0.00354f 2.97±0.0141b   1.0820±0.000148c 63.5± 0.141cd 0.39±0.02ab 0.57±0.02e 0.295±0.01b 

J7 32.380±0.283a 0.2765±0.00707cde 3.32±0.0141a  1.0808±0.000141c 66.3± 0.354cd 0.51±0.02a 0.4±0.0202g 0.1035±0.013ef 

J8 29.258±0.0.06c 0.2706±0.000141de 3.08±0.0141cd   1.0810±0.000071c  71.1± 0.14cd 0.25±0.02cd 0.57±0.025e 0.17±0.02d 

J9 29.225±0.0106c 0.2865±0.00141cde 3.04±0.0de   1.0803±0.000141c 64.0± 0.141ab 0.24±0.02bc 0.67±0.03d 0.152±0.024de 

J10 29.368±0.0389c 0.302±0.00141cde 3.07±0.0141cd   1.0855±0.00652c 67.25± 0.07abcd 0.06±0.02d 0.88±0.02b 0.26±0.04b 

J11 32.980±0.679a 0.296±0.00283cd 3.315±0.05a   0.90082±0.000106e 66.2± 0.141cd 0.38±0.02ab 1.02±0.02a 0.195±0.01cd 

J12 
Control  

33.840±0.0007a 

31.765±0.0212ab 

0.2865±0.00354cde 

0.3009±0.000141c 

3.13±0.0141bc 

3.02±0.0283de 

  0.97040±0.01358d 

  1.2655±0.00636b 

63.3± 0.212cd 

66.4± 0.141ab 

0.42±0.02a 

0.15±0.02cd 

0.74±0.02c 

0.42±0.025c 

0.2525±0.025bc 

0.295±0.01b 

Range  4.59 0.224 0.43 0.4913 8.8 0.49 0.64 0.345 

 All values were means of duplicate determination ± SD (Standard deviation).   

 All Values expressed with similar subscripts are not significantly different by Duncan multiple range Test across the columns (p 

≤ 0.05). 

 Crude protein content was in dry basis others are analyzed in wet basis  

 Where J1(T: 90 S: 45 P: 5), J2(T: 105 S: 45 P: 5), J3(T: 90 S: 50 P: 5), J4(T: 105 S: 50 P: 5), J5(T: 90 S: 45 P: 3), J6(T: 90 S: 55 

P: 5), J7(T: 90 S: 50 P: 3), J8(T: 90 S: 45 P: 3), J9(T: 105 S: 55 P: 3), J10(T: 90 S: 45 P: 3), J11(T: 105 S: 55 P: 5), and J12(T: 

90 S: 55 P: 3) (T: temperature in oc S: sugar concentration in % P: pectin concentration in %).  
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4.4. Mineral Composition of pineapple Jam 

The mineral contents of the jam samples are presented in Table 4.4. The mineral analysis 

indicated the presence beneficial mineral elements such as iron (0.884mg/100g) on J3, 

potassium (0.303mg/100g) on J1, calcium (2.405mg/100g) on J8, and magnesium 

(3.3628mg/100g) on J3 which were the maximum values in the jam formulations. Macro-

minerals are required in amounts greater than 100 mg while micro-minerals are required in 

amounts less than 100 mg. Potassium is a cofactor that functions in protein synthesis, 

activation of enzymes, major solute functioning in water balance and thus affecting 

osmosis, operation of stomata.  

Calcium is important in formation and stability of cell walls and in maintenance of 

membrane structure and permeability, activates some enzymes, regulates many responses 

of cells to stimuli. Calcium content was found to decrease slightly in pineapple jam as 

compared to pineapple fruit pulp. Heating (60- 700C) of tissue causes disruption of 

membranes and de-compartmentation of cell constituents. Heat induced firming is believed 

to start with damage to cell membranes that causes increase in impermeability. This leads 

to liberation of Ca2 and its diffusion to the cell formation of Ca2 and Mg2 ionic cross 

linkages between carboxyl groups of pectin (Haard and Chism, 2005). As shown in the 

following table the processing condition had significant difference(p<0.05) on all jam 

samples.  

There was significant (p<0.05) difference in the iron contents all the samples. Iron also 

improves the component of cytochromes, electron transport, activates some enzymes, and 

plays a role in chlorophyll synthesis. Iron content of pineapple jam decreased significantly 

when compared with the pineapple pulp which can be due to high temperature treatment at 

(90oc to 105oc) but the addition of sugar to the fruit pulp in the processing of pineapple jam 

shows an increasing effect on iron content of each samples which means when the 

concentration of sugar increases from 45% to 55% the iron content become increase but it 

was limited due to the effect of high temperature treatment. The constituent organic acids 

in fruit juices namely citric, ascorbic and malic acids might be potentially responsible for 

enhancing the iron availability (Hazell and Jhonson, 2007).  
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The result revealed that potassium contents were slightly increases when the concentration 

of sugar increase in all pineapple jam samples but temperature have lowering effect on 

magnesium content of pineapple jam samples. As shown in the following table the 

concentration of potassium slightly decreases as compared with pineapple fruit pulp. Heat 

induced firming is believed to start with damage to cell membranes that causes increase in 

impermeability. As shown in the following table the processing condition had significant 

difference(p<0.05) on all jam samples.  

As shown in the following table the processing condition had significant 

difference(p<0.05) on all jam samples. The result revealed that potassium contents were 

slightly increases when the concentration of sugar increase in all pineapple jam samples. 

As shown in the following table the concentration of potassium slightly decreases as 

compared with pineapple fruit pulp.  
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Table 4.4 Minerals and vitamin C composition of pineapple jam   

sample 
code  K(mg/100gm) Mg(mg/100gm) Ca(mg/100gm ) Fe(mg/100gm ) vitamin C(µgm) 

J1 0.30341± 0.00665a 3.1186± 0.0171bc 2.18± 0.0354b 0.5755± 0.024def 8.204±0.072cde 

J2 0.2596± 0.000714a 2.6214± 0.0801d 2.2806± 0.0644ab 0.52006± 0.0148f 7.789±0.203f 

J3 0.16155± 0.00348b 3.3628± 0.0141a 2.3846± 0.0203ab 0.8839± 0.0179a 8.02±0.104def 

J4 0.0589± 0.001152c 3.0825± 0.00636c 2.282± 0.00424ab 0.635± 0.0212cd 8.8186±0.104b 

J5 0.059605± 0.00073c 3.0801± 0.141c 2.2591± 0.0340ab 0.672081± 0.012bc 8.8555±0.067b 

J6 0.23364± 0.00642a 2.828± 0.0707d 2.1875± 0.0158b 0.5975± 0.00707d 9.783±0.0186a 

J7 0.16155± 0.00348a 3.3341± 0.0159ab 2.3895± 0.00491ab 0.8841± 0.00255a 9.9±0.12a 

J8 0.23364± 0.00642ab 3.2215± 0.022abc 2.405± 0.0241a 0.59318± 0.0789de 7.741±0.087f 

J9 0.2557± 0.0499a 3.2015± 0.007abc 2.40011± 0.00414a 0.6732± 0.0204bc 8.385±0.07c 

J10 0.2996± 0.000721a 2.988± 0.0141bc 2.1978± 0.00387ab 0.5552± 0.0245de 7.922±0.09ef 

J11 0.29646± 0.00644a 2.6323± 0.046d 2.3613± 0.00836ab 0.5325± 0.0141ef 8.3245±0.103cd 

J12 
Control  

0.0689± 0.00148c 

0.23364± 0.00642a 

3.1007± 0.00098bc 

3.2015± 0.007abc 

2.3181± 0.0354ab 

2.3846± 0.0203ab 

0.7350± 0.0212b 

0.672081± 0.012bc 

9.7145±0.051a 

8.8186±0.104b 

Range  0.25 0.808 0.267 0.3864 2.273 

 All values were means of duplicate determination ± SD (Standard deviation).   

 All Values expressed with similar subscripts are not significantly different by Duncan multiple range Test across the columns (p 

≤ 0.05) 

 All parameters were analyzed in wet basis  
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4.5. Phytochemicals composition of pineapple jam samples    

4.5.1. Effect of treatments on phytochemical properties of pineapple jam 

samples  

During the processing and storage of food the bioactive compounds are vulnerable to 

oxidation reactions (Robards et al., 1999), since a few of these compounds are unstable 

during thermal processing (Samaniego-Sánchez et al., 2011) and cold storage (Cilla et al., 

2011). Antioxidant capability and other quality parameters of fruit products can be 

influenced by processing ways conflicting in the numeral processing phases and practices 

and heating temperatures (Nicoli et al., 1999).  

The effect of treatments on phenolic content of all treatments of pineapple jam is shown in 

Table 4.5 Statistical analysis depicted that the results in case of studying the influence of 

processing methods on total phenolic content of pineapple jams are statistically highly 

significant (p<0.05) among different treatments. It is obvious from the data that maximum 

total phenolic content was observed in jam treatments that were processed in lower 

temperature(90oc) and minimum values were observed on highest processing temperature 

(105oc). This may be due to reason that direct and long term heating of pulp during 

processing of jam result in more loss of bioactive compounds. These results agree with the 

findings of other researchers studying the effect of jam processing on phenolic contents 

and antioxidant capacity in different fruits (Rababah et al., 2012a; Rababah et al., 2011). 

There was further flavonoid loss during processing. After processing, flavonoid levels fell 

further, during high temperature treatment. The treatment conditions have significant 

difference(p<0.05) on all samples. The addition of sugar concentration had a significant 

effect on flavonoid content of jams sampls. A decrease in flavonoids during cooking in an 

open pan of strawberry jams was also observed by Häkkinen et al. (2000). The cell 

structure of fruit is damaged during processing, making fruit more susceptible to non-

enzymic oxidation, which in turn may be one of the main reasons for the loss of phenolic 

substances (Patras et al. 2011). The significant (p< 0.05) decrease in the flavonoid content 

of pineapple jam when compared with pulp can be due to the addition of sugar in the 

processing which does not contribute to the flavonoid content of the products. As reported 
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by Crozier et al. 1995; Price and Rhodes, 1997 this decrease is probably due to chemical 

or thermal degradation of the flavonoids during processing. 

Significant loss (p<0.05) of tannins in pineapple jam than pineapple pulp was observed due 

to thermal degradation of tannins. The considerable decrease of tannins in the products can 

be due to extraction and release of tannins from the cell matrix, due to breakage of bonds 

with proteins (Rehman and Shah, 2001). Pineapple jam which was processed under lower 

processing temperature(90oc) had the highest value of total tannins compared with jam 

sample which was processed under high processing temperature(105oc). 

Table 4.5 phytochemicals composition of Jam samples  

Sample code  Flavonoid(µg GA/g) Phenol(µg GA/g) Tannin(µg GA/g) 

J1 0.2745± 0.021e 0.2951± 0.0018e 0.2733± 0.0077e 

J2 0.24439± 0.00674e 0.2637± 0.0145e 0.25085± 0.0153e 

J3 0.5371± 0.0321abc 0.4795± 0.025b 0.4± 0.004b 

J4 0.4845± 0.0311cd 0.4194± 0.0014c 0.3536± 0.0069c 

J5 0.57344± 0.0081a 0.40849± 0.0066c 0.485± 0.0031c 

J6 0.57807± 0.0182a 0.2686± 0.0106e 0.503± 0.008e 

J7 0.4679± 0.0238d 0.356± 0.016d 0.4159± 0.0093d 

J8 0.23045± 0.0129e 0.2498± 0.0096e 0.2271± 0.0141e 

J9 0.50425± 0.037bcd 0.4525± 0.013bc 0.4583± 0.009bc 

J10 0.2543± 0.0201e 0.5355± 0.0291a 0.2643± 0.0092a 

J11 0.4931± 0.0078cd 0.44± 0.01bc 0.4799± 0.015bc 

J12 

Control  

0.5555± 0.0131ab 

0.4335±0.0238d 

0.5362± 0.0303a 

0.40647±0.0014c 

0.5169± 0.0088a 

0.3482±0.0031c 

range  0.3632 0.3063 0.3013 

 All values were means of duplicate determination ± SD (Standard deviation).  

 Values expressed with similar subscripts are not significantly different by Duncan 

multiple range Test across the columns (p ≤ 0.05). 

 

4.6. Colour Analysis   

One of the most important parameters to which consumer’s choice of foods is colour. The 

external appearance of product particularly arising from colour is of prime importance 

(Perez-Lopez, 2010). It was noticed that in this research, colour parameters underwent 
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significant reduction in values. Jam showed significantly lower L*, a* and b* values than 

fresh fruit. The changing in colour values are assumed by as a result of thermal degradation 

during heat treatment, illumination, oxygen content and storage conditions (Ma et al., 2008; 

PerezLopez, 2010). The decrease for L* value into jam was reported by Igual et al. (2010), 

as a consequence of sugar caramelization which contributes to dark colour. Redness 

parameter (a*) values showed that pineapple jam had a range value of ( -1.26 to 0.84) and 

decreased significantly during processing by high temperature. As regards b* values 

similar decrease were obtained and were remarkable affected by jam processing. These 

indicate that the jam lost its particular colour, reducing lightness and changing from initial 

the most (highest b*) value of fruit to dark yellowish tones for jam. Such a case attributed 

to the formation of brown pigment by Maillard reaction (Touati et al., 2014). As showed 

on the following table the processing conditions had significant different on all samples (p 

≤ 0.05).  

Table 4.6 Result of Colour Analysis 

sample 

code L* a* b* c h W 

J1 28.075i -0.185c 6.235j 6.237744j 91.69954k 27.80502i 

J2 30.556a -0.56e 7.795b 7.81509b 94.10912j 30.11764b 

J3 26.34l -0.975j 6.78d 6.849746e 98.18333g 26.0222k 

J4 28.13h 0.84a 6.625h 6.678041h 82.77389l 27.82041h 

J5 29.625e -0.565f 7.795a 7.815449a 94.14568i 29.1924e 

J6 29.87d -0.98k 6.87e 6.939546d 98.11843d 29.52749d 

J7 29.19g -0.955i 6.33i 6.401635i 98.57945b 28.90122g 

J8 30.07c -0.74h 6.71g 6.750681g 96.29333e 29.74492c 

J9 25.185m -0.085b 6.8e 6.800531f 90.71616l 24.87656l 

J10 30.53b -1.26l 6.085k 6.214083k 101.6987a 30.25263a 

J11 26.565K -0.475d 5.23l 5.251526m 95.18949c 26.37746j 

J12 

Control  

29.355f 

26.72J 

-0.775i 

-0.746m 

7.515c 

6.72f 

7.554856c 

7.24712l 

95.88793f 

94.2146h 

28.95219f 

27.65423m 

L*= Lightness. a*= Red/ Green coordinate. b*= Yellow/ Blue coordinate. C= Chroma.        

h= Hue angle W= whiteness. Range= the highest score minus the lowest score. a, b, c 

Mean ±SD within the same column followed by different letters are significantly 

different (p<0.05). SD= Standard deviation of duplicate sample. 
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4.7. Microbial Result 

The shelf life of fruit products is limited primarily by microbial, enzymatic and chemical 

reactions that adversely affect their nutritional quality, color and flavor. Pasteurization 

requirements of freshly extracted juices are based on inactivation of heat resistant 

endogenous enzymes, whereas the requirements for reconstituted juices are based on 

destruction of microbial populations capable of causing spoilage (Graumilich et al., 1986).  

The main spoilage organisms in food products are yeast and molds, especially those which 

can be grown at low pH values i.e. below 4.6 pH and are those able to damage the product. 

Yeast pre dominates spoilage of acid fruit products because of their high acid tolerance and 

the ability of many of them to grow an-aerobically.  Yeast, molds and lactic acid bacteria 

have been implicated in spoilage of fruit products Harrigan, (1976) Accordingly, the pH of 

fruit products especially that range from 5.0 to less than 2.5 the types of microorganism 

that can spoil fruit products can be determined. Harrigan, (1998). Fruit products must be 

sterilized gently or must receive an equivalent process to prevent or delay pathogenic 

microorganisms. Washing of fruits with clean water can be used to remove the soil from 

the fruit and this may lower microbial load. 

Total plate count result of the whole pineapple jams was below the acceptable limit. 

Coliform count and Yeast and Mold count for all samples were under the specified limit 

this is due to high temperature application and the concentration of sugar and pectin this a 

results in the combination of low pH, high solids and high temperature by itself destruction 

or eliminates microbial spoilage. Jam processing operation involved high temperature 

processing for boiling (90-105oc) and high concentration of sugar ratio. But most of the 

time after production process of products there may be contamination and microbial 

growth. Microbial load (total plate count, yeast and molds) of pineapple jam samples result 

were analyzed and presented below before sensory analysis was conducted. As showed on 

the following Table 4.7 jam sample generally have a lower aerobic-bacteria and yeast and 

mold at 10-4 and 10-3 series dilution respectively. Even, yeast and mold were not detected 

on jam samples J4, J8, and J12 on the serial dilutions of 10-4 this may due to high 

temperature treatment at 105oc and high sugar concentration ratio. This result also shows 

a smaller number of aerobic bacteria and yeast and mold counts of other coherent studies 

(Swartzentruber et al., 1982). This result was in safe limits and it indicates that pineapple 
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jam which is prepared on the stated processing parameters and formulation doesn’t has any 

microbial related problems. 

Table 4.7 Microbial analysis result 

 All results were triplicate determination 

 

4.8.  Response Optimization 

Different process conditions affect the predicted responses. Changing variables on the 

Optimization plot was aimed for searching input variable setting with a higher composite 

desirability. Pineapple jam response optimized based on maximum vitamin C, yellowness 

(for color) and TSS mean value of prepared Pineapple jam. 

Table 4.8 Response optimization (parameters) 

Response Goal  lower  target weight  importance 

b* maximum 5.23 7.795 1 1 

vitamin c maximum 7.687 9.96 1 1 

TSS maximum 63 71.8 1 1 

 

The optimization plot (Appendix IV- VI) showed the effect of process conditions (factors) 

on the response or composite desirability. Individual response and composite desirability’s 

for selected experimental runs were displayed on optimization plot. Table 4.9 showed 

pineapple jam preparations from the following combination of process conditions were 

selected as optimal process for higher TSS, vitamin C and yellowness (for color) with 

decreasing composite desirability (1/ T:90°C: S:45%: P:3%). 

 

        Jam samples               

Types of 

microbe  

Dilution 

rate  J1 J2 J3 J4 J5 J6 J7 J8 J9 J10 J11 J12 

              
Yeast 

&molds 

250C  10-3 12 17 15 9 16 14 11 2 14 19 20 10 

              

  10-4 1 5 4 

Un-

detected 6 3 1 

un-

detected 4 2 8 

un-

detected 
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Table 4.9 Response optimization (solutions) 

         b*  vitamin C  TSS  Composite 

Solution    Temperature (oc)  sugar %  pectin %      
         Fit  Fit  Fit Desirability 

1 90 45 3 7.515 9.7145 71.65 0.92  
 

4.9. Sensory Evaluation   

4.9.1. Demographic Strata  

The demographic information presented in Table:4.8 indicated that of the 20 untrained 

Consumers who participated in the study were, 12 males (60 %) and 6 were female (40%). 

The number of female participants was relatively less to the number of male to evaluate 

the pineapple jam products. 

Table 4.10 Consumer Demographic Frequency 

Gender Frequency % Cumulative Percent CF/12 %Cumulative  

Male 12 60 60 5 60 

Female 8 40 100 20 100 

       Frequency = Total frequency of 12 samples 

4.9.2. Product information   

A composite view at panelist perception of pineapple jam indicated that colour and overall 

liking were the most important attributes as shown by 45% and 44.17% of respondents 

with 9 and 9 score respectively (Table 4.9 and Appendices III). pineapple flavor and 

sweetness was rated highest as ‘right strong and just about right’ in the pineapple jam 

preparations by 55.83% and 56.67% respectively of by the consumers. Sweetness was 

another important attribute scored at 7 by 48.75% of respondents. 
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Table 4.11 Overall sensory panelist frequency responses for all pineapple jam 

Product Attributes Score Frequency % 
Cumulative 

Frequency 
CF/12 

Cumulative 

(%) 

Overall Appearance 9 106 44.17 209 17.42 87.08 

Colour 9 96 40.00 205 17.08 85.42 

Overall Aroma 7 67 27.92 175 14.58 72.92 

Pineapple flavor 9 108 45.00 228 19.00 95.00 

Rated pineapple flavor 3 134 55.83 166 13.85 69.17 

Texture 7 89 37.08 147 12.25 61.25 

Sweetness 7 117 48.75 222 18.50 92.50 

Rated Sweetness 2 136 56.67 154 12.83 64.17 

Mouth Feel/Viscosity 7 91 37.92 150 12.50 62.50 

Overall Liking 7 92 38.33 148 12.30 61.67 

Acceptability 1 238 99.17 238 19.83 99.17 

Purchase Intent 1 83 99.58 239 19.91 99.58 

 

During this thesis work study the sensory evaluation of color flavor and overall appearance 

score 9 by 40%, 45% and 44.17% respectively following flavor, color and overall 

appearance overall aroma, texture, sweetness, mouthfeel and overall liking score 7 by 

27.92%, 37.08%, 48.75%, 37.92% and 38.33% respectively depending on the sensory and 

quality evaluation criteria 99.17% of the consumer( panelist) decide the product pineapple 

jam prepared was accepted as edible and therefore acceptable for consumption and also the 

sensory study shows a willingness of the consumer( panelists) to purchase the tested 

product if it will available in the market. Generally, the sensory study indicates the prepared 

pineapple jam meet the consumers interest.     

4.9.3. Mean consumer panelist acceptance 

Each of the pineapple jam preparations was evaluated separately on a 2-point hedonic 

scale where 1 = yes and 2 = no for all two attributes (product acceptability and commercial 

purchase). From this the information obtained from the sensory evaluation the whole 

pineapple jam prepared at different processing condition get high rate of acceptability and 

purchasing intent by the sensory panelist. All product gets high score of acceptability and 

purchasing intent by 99.17% and 99.58% respectively. 
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Table 4.12 Comparison of mean consumer scores for all attributes of pineapple jam preparations  

Run  Appearance Color  Aroma Flavor 

Rate of 

pineapple 

flavor Texture Sweetness 

Rate of 

sweetness 

Mouth 

feel/viscosity  

Over 

all 

liking 

J1 7.7±0.733a 7.4±0.503abc 7.4±0.883ab 7.6±0.754a 2.5±0.76a 7.65±0.745ab 7.65±0.933a 2.3±0.47ab 7.45±1.19a 7.3±0.73ab 

J2 7.85±0.587a 7.85±0.745ab 6.9±1.021abc 7.65±0.875a 2.45±0.51a 7.15±0.813abc 7.65±0.671a 2.3±0.47ab 7.2±0.894a 7.45±0.82ab 

J3 5.85±1.785b 6.3±1.87c 5.15±1.387d 6±1.622b 1.9±0.718ab 6.3±1.38c 6.9±1.447a 2.05±0.826b 7.1±1.119a 6.2±1.36c 

J4 7.9±1.071a 7.6±1.273ab 6.15±1.387bcd 7.1±1.071ab 2.1±0.641ab 7.95±0.605a 7.5±0.761a 2.55±0.51a 7.05±0.83a 7.4±0.88ab 

J5 7.15±1.268a 7.05±1.395bc 6.4±1.353bcd 7.15±1.137ab 2.15±0.366ab 7.45±0.999ab 7.45±0.686a 2.3±0.47ab 7±1.214a 7.1±0.72abc 

J6 8.1±1.021a 8.25±0.716a 5.75±1.293cd 6.8±1.673ab 1.9±0.7185ab 6.25±1.65c 7.4±1.188a 2.2±0.696ab 6.65±1.66a 6.45±1.62bc 

J7 7.7±0.733a 8.25±0.444a 7.75±1.209a 7.2±0.951ab 2.1±0.553ab 7.1±1.165abc 7.45±0.686a 235±0.489ab 7.2±1.056a 7.4±1.046a 

J8 7.65±1.182a 8.1±0.641ab 5.95±1276cd 7±1.257ab 2.3±0.657ab 6.7±1.455bc 7.6±1.095a 2.45±0.686ab 7.5±1.504a 6.9±1.41abc 

J9 7.5±0.688a 7.55±0.795ab 6.65±1.755abc 7.5±0.827a 2.1±0.553ab 7.55±0.759ab 7.5±0.688a 2.25±0.639ab 7.5±0.513a 7.6±0.503a 

J10 7.45±1.05a 7.65±0.813ab 7±0.858abc 7.45±1.099a 2.35±0.489ab 7.45±0.999ab 7.65±0.813a 2.5±0.513a 7.3±1.031a 7.6±0.681a 

J11 7.7±0.733a 7.4±0.503abc 7.4±0.883ab 7.6±0.754a 2.5±0.761a 7.65±0.745ab 7.65±0.933a 2.3±0.47ab 7.45±1.19a 7.3±0.733ab 

J12 

cont 

5.9±1.861b 

7.72±0.75a 

5.15±1.954d 

6.54±1.52c 

5.85±0.813cd 

5.38±0.62d 

6.6±1.046ab 

5.94±1.21ab 

1.75±0.444b 

1.2±0.75c 

6.9±1.165abc 

7.26±1.24ab 

7.05±0.887a 

7.22±0.643a 

1.85±0.587ab 

1.92±0.63ab 

6.4±1.314a 

7.5±0.74a 

6.5±1.0bc 

6.86±0.87bc 

 a, b, c, d Means ±SD within the same column followed by different letters are significantly different (p<0.05). SD= Standard deviation of 

20 consumer responses. 
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Samples of pineapple jam which were processed under different temperature and different 

concentration of sugar and pectin were presented for the hedonic test. The mean scores of 

overall appearance, color, flavor, aroma, sweetness, mouthfeel/viscosity, texture and 

overall liking are given in table 4.10. Sensory evaluation indicated that J6, J4 and J2 

samples scored higher which was, 8.1, 7.9, and 7.85 respectively for overall acceptance.   

The J6, J7 and J8 pineapple jam formulation scored 8.25, 8.25 and 8.1 respectively which 

was the highest score as compared with the other jam samples including the control sample 

which obtained from local market which was imported from foreign country for color, as 

showed on the above table 4.10. but J12 got low score 5.9 for color. It is due to the fact that 

low level of caramelized and low level of sugar concentration and lower temperature 

treatment. The highest score for overall aroma was observed on J7, J1 and J11 with the 

score of 7.75, 7.4 and 7.4 respectively this value also show better value as compared with 

the control pineapple sample.  

The highest score for flavor was showed on J2, J1 and J11 which were 7.65, 7.6 and 7.6 

respectively these result was higher than the value of the control pineapple jam sample 

therefore this value indicates the pineapple jam prepared for this research were highly 

acceptable by panelists by their flavor profile. Texture is one of the most important sensory 

parameter in jam preparation the texture profile of individual pineapple jam was evaluated 

using 9-point hedonic scale therefore the highest score for this sensory profile were 

observed on samples J1, J4 and J11 with the value of 7.65, 7.95 and 7.65 respectively these 

results were higher value as compared with the other remaining samples including the 

control sample.  

As showed on table 4.10. the prepared Pineapple samples J10, J11, J1, and J2 got the 

highest score 7.65 which was equal value for sweetness these value was higher value than 

the control sample this may be due to the difference on the formulation of the product.  
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Table 4.10. showed that the highest score for mouthfeel/viscosity showed on prepared jam 

J8, J9 and control sample got similar score 7.5 and sample J1 and J11 score 7.45 which 

were the highest value as compared with the other remaining samples. As showed on the 

table 4.10. The highest score for overall liking was observed on J2, J9, and J10 samples 

which was 7.45, 7.6, and 7.6 respectively this value shows highly acceptability of prepared 

pineapple jam as compared with the control sample. 
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4.10. Vinegar evaluation   

4.10.1. Chemical analysis for pineapple peel  

The results measured in the preliminary study indicated that the TSS, pH, titrable acidity 

and reducing sugar were within the range for chemical composition of common ripe 

pineapple cultivars grown in different countries The chemical composition of the fresh 

pineapple peel (smooth cayenne variety) was approximately 9.81obrix TSS, 0.96% 

Titratable acidity, 7.5% reducing sugar, and 4.8 pH this result shows The pineapple variety 

(smooth cayenne ) have slightly lower value but relatively similar value when compared 

with USDA National nutrient data for fresh pineapple and International Journal of 

Nutrition and Food Sciences 2015; 4(1): 84-88.  

4.10.2. Characterization of pineapple peel wine 

Various factors such pH, temperature, concentration of sugars, etc. can affect the 

physicochemical parameters of wine during its fermentation. pH is important factor for the 

fermentation of fruit juice into a good quality wine. Low pH inhibits the growth of 

unwanted microflora and thus can improve the quality of final product. Complex pattern 

of pH variation was observed during fermentation of pineapple peel must at different pH. 

During initial days of fermentation, pH of the must was 4.8 which showed continuous fall 

and on last day a slight rise in its value. Pineapple peel must with pH 4.8 showed highest 

fall in pH on last day of fermentation 4.35. The must showed alternate slight rise and fall 

in pH during fermentation.  

Soluble solid (oBrix) represents the percent sugar and other dissolved solids in the solution. 

Decrease in soluble solids was observed during the fermentation of pineapple peel must 

from 9.81 to 2.6 obrix. This decrease was due to utilization of sucrose by must 

microorganism. Similar results were found by Onwuka and Awam (2001) and Akubor, et 

al, (2003) for fermentation of banana must. Fall in pH and increase in Titratable acidity 

was observed after fermentation of pineapple peel wine from 0.96 to 1.42%. Similar 

observations were reported by other authors for banana wine (Onwuka and Awam, 2001, 

Akubor, et al, 2003). Metabolic activity of yeast and other microorganisms present in must 

probably be the responsible factor for the increase in Titratable acidity and decrease in pH 
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(Akubor, et al. 2003; Okoro, 2007; Alobo and Offonry, 2009; Panda et al. 2014; and 

Chowdhury and Ray, 2007).  

The amount of residual sugar content at the end of each fermentation condition determined 

by spectrophotometer which was used to read the absorbance at a wavelength of 540 nm 

and then use the calibration curve of standard glucose is used. The equation RRS = A-

0.001/0.3151was used to calculate the residual sugar content. The concentration of RRS 

decreased from its initial concentration which was 7.5% and at end of fermentation it 

become 2.8793% This decrease was due to utilization of sucrose by must microorganism. 

The specific gravity of must was decreased after fermentation This decrease was attributed 

to decrease in soluble solid (°Brix) and increase in alcohol % during fermentation by yeast. 

The alcohol contain of pineapple peel wine after 21 days of fermentation was 5.96% (v/v) 

as described in different articles the starting alcohol should be lower than 7.5 % (v/v) 

therefore the obtained result from this research indicate as it was suitable for the production 

of vinegar.  

4.10.3. Characterization of vinegar 

PH is important factor for the fermentation of fruit juice into a good quality wine. Low pH 

inhibits the growth of unwanted microflora and thus can improve the quality of final 

product. The different maximum average yield variation in pH. with individual organism 

was influenced by the spasmodic behavior of organisms in acid production then by the 

change in pH. a medium at an initial pH. of 5.0 was generally favorable for acid production. 

The initial pH. value of pineapple peel wine was 4.35 but after the secondary fermentation 

process started by inoculation of three selected strain of acetic acid bacteria the pH value 

of the fermented product shows slightly decrease as the fermentation time increases this 

result was observed in all bacterial strains which were used for vinegar fermentation but 

pH decrement also observed on the control sample which was fermented without the 

inoculation of acetic acid bacteria. As observed in the following fig 4.10. the pH value of 

product fermented by P.A.P. bacterial strain shows highly fall in pH as compared with the 

other acetic acid bacteria used for this study which was 4.23, 3.8, and 3.5 at fermentation 

time 24, 48, and 72hr of fermentation respectively and P.A.G was the second low pH. 

producing acetic acid bacteria from previously mention bacteria’s it produces 4.26, 3.9, 
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and 4.0 at fermentation time of 24, 48, and 72hr of fermentation but on this bacterial strain 

pH fluctuation during fermentation was observed and the last but not the least one was P.D 

acetic acid bacterial strain which produce 4.28, 3.99, and 3.813 at 24, 48, and 72hr of 

fermentation time. The highest pH was observed on the control sample which was 

fermented without inoculating acetic acid bacteria 4.31, 4.2 and 4.16 at 24, 48, and 72hr of 

fermentation time.  Complex pattern of pH variation was observed during fermentation of 

pineapple peel must at different pH. The pineapple peel and core wine used as a raw 

material for pineapple peel vinegar it had a pH of 4.35, while the average pH of the product 

amounted 3.5, 3.813, 4, and 4.16 at the end of 72hrs fermentation by Acetic acid bacterial 

strain of P.A.P, P.A.G, P.D and control sample respectively (Figure 4.10). Tessaro et al. 

(2010), in a fermented orange process, worked with orange wine with a pH from 3.55 to 

3.68. Bortolini et al. (2001) reported pH values for kiwi wine close to 3.6. According to 

Adams (1998), acetic acid levels of 7% in the vinegar give a pH value close to 3. From this 

study the fermentation condition had a significantly different (p<0.05) on the vinegar 

sample. 

 

 

Figure 4.10. Effect of fermentation time and bacterial strain on pH of vinegar 

Soluble solid (oBrix) represents the percent sugar and other dissolved solids in the solution.  

During fermentation process, the total soluble solids contents for all samples were 
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fluctuated during the whole fermentation period. In the fermented process the TSS of 

pineapple peel wine was begun with 2.6 0brix then as showed on the following fig 4.11. 

after 24 hours of fermentation the TSS content become slightly decreases to 2.3, 2.21, 2.18, 

and 2.310 brix for P.D, P.A.G, P.A.P and control sample respectively. Then after 48 hours 

of fermentation, the TSS content has decreased to 2.16, 2.03, 2, and 2.260 brix by P.D, 

P.A.G, P.A.P and control sample respectively. when fermentation process ended at 72 

hours the TSS content of the final product shows highly decreases which was 1.86, 1.78, 

1.3 and 2.0810 brix for P.D, P.A.G, P.A.P and control sample respectively. However, 

fermentation time could increase the initial fermentation rate of acetic acid concentration 

in vinegar. Fermentation time and bacterial strain had a significantly different (p<0.05) on 

the vinegar sample.   

 

Figure 4.11. Effect of fermentation time and bacterial strain on TSS 

Total amount of Residual Reduced Sugar after Completion of vinegar Fermentation 

The amount of residual sugar content at the end of each fermentation condition determined 

by spectrophotometer which was used to read the absorbance at a wavelength of 540 nm 

and then use the calibration curve of standard glucose is used. The equation RRS = A-

0.001/0.3151was used to calculate the residual sugar content. The concentration of RRS 

decreased from its initial concentration at the end of pineapple peel wine fermentation 

process which was 2.8793% and at the end of different fermentation time (24hr, 48hr, 72hr) 

1

1.2

1.4

1.6

1.8

2

2.2

2.4

2.6

0 24 48 72

TS
S

Fermentation time(Hr)

V.P.D V.P.AG V.P.A.P control



74 | P a g e  
 

and by each strains of vinegar fermentation become 2.37, 1.879, and 1.4765 for P.D, 

2.0274, 1.3118, and 0.520635 for P.A.G, and 1.9926, 1.2831, and 0.501587 for P.A.P 

2.4728, 2.2046 and 1.990476 for the control sample.  This decrease was due to utilization 

of sucrose by acetic acid microorganism. The graphical illustration of RRS variation with 

time is as shown in Figure 4.12. the plot shows that the RRS -time graph is non-linear. The 

concentration of RRS decreased between 24, 48, and 72 hr. by all strain of acetic acid 

bacteria’s and also for control sample.  

 

Figure 4.12. Effect of fermentation time and bacterial strain on residual reduced sugar 

From this study the fermentation time and bacterial strain had a significantly different 

(p<0.05) on the vinegar sample. Figure 4.13. shows the total acidity in the vinegar obtained 

from the fermentation process from 24hrs to 72hrs of fermentation process results. The 

average value of total acidity of the vinegar obtained from 24hrs, 48hrs, 72hrs were (3.13, 

3.54, 3.4) expressed as acetic acid (w/v), respectively for P.D, (3.85, 4.24, 4.92), 

respectively for P.A.G, and (4.81, 5.63, 6.15), respectively for P.A.P (3.04, 3.12,3.18) for 

the control sample respectively. As the study showed fermentation time had significant 

effect on the yield of acetic acid which means as the fermentation time increases the 

concentration of acetic acid produced by different bacterial strain and also it shows 

different microbial stain had their own fermentation capacity. The acetic acid concentration 

obtained from acetic acid strain of in the fermented product varied from 4.81- 6.15% (w/v). 
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This value indicates a high rate of conversion of ethanol to acid, as the substrate (pineapple 

wine) had an alcohol concentration of 6.28% (w/v) which was used for microbial strain 

mentioned in this study. The product meets the minimum requirements established by 

Brazilian law, which defines vinegar as having a minimal volatile acidity of 4 g/100 mL, 

expressed as acetic acid (Brasil, 2009). This value indicates that the product can almost be 

classified as vinegar. But as showed in the following figure the other strain which were 

used for this study had lesser acetic acid value as compared with strain P.A.P strain of 

acetic acid bacteria whereas P.A.G strain of acetic acid bacteria meet the standard sated by 

Brazilian law which defines vinegar as having a minimal volatile acidity of 4 g/100 mL, 

expressed as acetic acid (Brasil, 2009) but P.D. Strain do not meet the sated standard which 

means it couldn’t be used for commercial purposes.  

 

  Figure 4.13. Effect of fermentation time and bacterial strain on acetic acid concentration   

4.10.4. Evaluation of bacterial strain  

Each strain of acetic acid bacteria has its own fermentation characteristic, affecting the 

quality of the produced vinegar (Lea, 1989). Commercial starter cultures consist of many 

different strains, and thus the differences between the starters can be large. Bacterial starter 

cultures were evaluated to find a culture that could be suitable for pineapple peel vinegar 

production in the fermentation system that was designed in this study.  P.A.P and P.A.G 

bacterial cultures produced an acidity of 6.15%, and 4.92% respectively it can therefore 
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strictly be marketed as vinegars. But P.D bacterial strain did not show the capacity to 

produce the required amount which is stated by international law to be considered as 

vinegar. Thus depending on their capacity to produce acetic acid it was possible to select 

the best bacterial culture for further experiments.    
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CHAPTER FIVE 

5. Conclusion and Recommendation 

5.1. Conclusion    

This thesis was designed to produce pineapple jam and determine the effect of temperature, 

sugar and pectin concentration on the acceptability of the pineapple jam. The outcomes of 

this studies suggest that J10(T:90oc, S:45%, P:3) formulations proved as best product in 

terms of their nutritional composition, color, flavor, taste, texture and overall acceptance. 

Processing of pineapple fruit pulp into jam resulted in a significant increase in physico 

chemical properties like TSS and TA but significantly decrease in pH and phytochemical 

composition. Also, processing of pineapple fruit pulp into jam brought down the nutritional 

composition of the products. Although there is a decrease in the nutritional and 

composition of pineapple products than pulp but it can be said that processing of pineapple 

fruits into jam ensures the safety and quality of the products without much loss of 

nutritional and antioxidant benefits, which is not feasible with the pineapple fruit as such 

owing to its perishable nature. And also the results obtained under the experimental 

conditions and with the acetic acid bacterial strain described above provided vinegar from 

pineapple peel wine, with a 1.42% and 5.96 % of total acidity (w/v) and alcohol content 

respectively. The average value of pH, TSS, RSS acetic acid; was evaluated for 72hrs of 

fermentation time by P.A.P, P.D and P.A.G bacterial cultures. The two bacterial strain 

propionic bacterium acid propionic and panteo agglomerans were observed as to have the 

capacity to produce vinegar which meet the stated amount of acetic acid concentration by 

Brazilian law which defines vinegar as having a minimal volatile acidity of 4 g/100 mL, 

expressed as acetic acid (Brasil, 2009) therefore they are suitable for the production of 

pineapple peel vinegar.  
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5.2. Recommendation  

 

By mixing different proportions of various types of fruits, fruit jam can be developed to 

nutritionally enrich the final product and attract customers’ attention. The fruit jam 

products are being targeted at consumers’ requirement with increased awareness towards 

health food choices. Consequently, fruit jams are being marketed as luxury health food 

products in Europe. Therefore, if pineapple fruit jam can be produced and exported, it will 

contribute to the country’s foreign exchange. Once the technology is applied and 

implemented for pineapple fruit processing industry, it can also be used for processing of 

different types of fruit jam at different seasons of the year whenever the fruit types are 

abundant. So it is recommended that further researches need to be conducted on the 

processing of fruit jam, fruit juice and dried fruits and the process needs to be designed and 

implemented within the country in the near future.    

In addition to that, the effect of major fermentation parameters such as bacterial strain, 

initial pH and incubation time alone were analyzed on total amount of acetic acid. 

However, there are other minor parameters such as temperature, carbon source, agitation 

speed, nitrogen source, volume of fermenter, and others, which will affect the total amount 

of acetic acid. Even though the individual effect of each parameter on fermentation 

processes is limited, their sum up effect will be significant enough. So, it should be 

considered in future research in combination or separately in order to know how they affect 

the total amount of acetic acid. 
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Appendix I 

Research Consent Form for Sensory Tasting 

I, __________________, agree to participate in the research entitled “development and 

characterization of pineapple jam”, which is being conducted by Mr. Teklu Chalchisa (MSc 

student, AAiT) under the supervision of Mr. Adamu Zegeye (Associ. Prof.), Addis Ababa 

University Institute of technology, school of chemical and bioengineering. This research is part of 

his MSc thesis research in Food Engineering. I understand that participation is entirely voluntarily. 

I can withdraw my consent at any time without loss of benefits. Twenty sensory panelists will 

participate in this research. For this particular research, about five to ten minute participation will 

required for each panelists.  

The following points have been explained to me:  

1. In any case, it’s my responsibility to report prior participation to the investigators any 

allergies I may have  

2. The reason for the research is to gather information on sensory acceptability of pineapple 

jam. The benefit that mi may expect from it is a satisfaction that I have contributed to 

solution and evaluation of sensory quality problems relating to pineapple jam. 

3. The procedures are as follows: pineapple jam samples will be placed in front of me and I 

will evaluate them by normal standard methods and indicate my evaluation on score sheet. 

4. Participation entails minimal to no risk: the only risk which can be envisioned is that of an 

allergic reaction to pineapple jam. However, because it is known to me beforehand that the 

food to be tasted contains common food ingredients, the situation can be normally avoided.  

5. The result of this study will not be released in any individual identifiable form without my 

prior consent unless required by law.  

6. The investigator will answer any further questions about the research, either now or during 

the course of the research. The study has been discussed with me, and all of my questions 

have been answered. I understand that additional questions regarding the study should be 

directed to the investigator listed above. 

 

________________________                                               __________________________ 

Signature of the Investigator                                                     Signature of Participant   

Witness: ____________                                                           Date: ________________ 
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Appendix II 

Questioner for Pineapple Jam Sensory Tasting 

Questionnaire for pineapple jam product Testing 
  

                  

What is your gender? 
 

Male 
   

Female 
     

Sample 
 

B 
                  
1 How would you rate the OVERALL APPEARANCE of this product? 

  
 

Dislike 

Extremely 

 
Dislike 

Very 

Much 

 
Dislike 

Moderatel

y 

 
Dislike 

Slightl

y 

 
Neither 

Like nor 

Dislike 

 
Like 

Slightly 

 
Like 

Moderatel

y 

 
Like 

Very 

Much 

 
Like 

Extrem

ely                   
 

1 
 

2 
 

3 
 

4 
 

5 
 

6 
 

7 
 

8 
 

9 

2 How would you rate the COLOUR of this product? 
  

 
Dislike 

Extremely 

 
Dislike 

Very 

Much 

 
Dislike 

Moderatel

y 

 
Dislike 

Slightl

y 

 
Neither 

Like nor 

Dislike 

 
Like 

Slightly 

 
Like 

Moderatel

y 

 
Like 

Very 

Much 

 
Like 

Extrem

ely                   
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2 
 

3 
 

4 
 

5 
 

6 
 

7 
 

8 
 

9 

3 How would you rate the OVERALL AROMA of this product? 
  

 
Dislike 

Extremely 

 
Dislike 

Very 

Much 

 
Dislike 

Moderatel

y 

 
Dislike 

Slightl

y 

 
Neither 

Like nor 

Dislike 

 
Like 

Slightly 

 
Like 

Moderatel

y 

 
Like 

Very 

Much 

 
Like 

Extrem

ely                   
 

1 
 

2 
 

3 
 

4 
 

5 
 

6 
 

7 
 

8 
 

9 

4 How would you rate the Flavor of this product? 
  

 
Dislike 

Extremely 

 
Dislike 

Very 

Much 

 
Dislike 

Moderatel

y 

 
Dislike 

Slightl

y 

 
Neither 

Like nor 

Dislike 

 
Like 

Slightly 

 
Like 

Moderatel

y 

 
Like 

Very 

Much 

 
Like 

Extrem

ely                   

 
1 

 
2 

 
3 

 
4 

 
5 

 
6 

 
7 

 
8 

 
9 

5 Please rate the Flavor of this product based on your preference. 
  

   
Weak 

     
Just About 

Right 

     
Strong 

  

                     
1 

     
3 

     
5 

  

6 How would you rate the Texture of this product? 

  

 
Dislike 

Extremely 

 
Dislike 

Very 

Much 

 
Dislike 

Moderatel

y 

 
Dislike 

Slightl

y 

 
Neither 

Like nor 

Dislike 

 
Like 

Slightly 

 
Like 

Moderatel

y 

 
Like 

Very 

Much 

 
Like 

Extrem

ely                   
 

1 
 

2 
 

3 
 

4 
 

5 
 

6 
 

7 
 

8 
 

9 

7 How would you rate the SWEETNESS of this product? 
  

 
Dislike 

Extremely 

 
Dislike 

Very 

Much 

 
Dislike 

Moderatel

y 

 
Dislike 

Slightl

y 

 
Neither 

Like nor 

Dislike 

 
Like 

Slightly 

 
Like 

Moderatel

y 

 
Like 

Very 

Much 

 
Like 

Extrem

ely                   

 
1 

 
2 

 
3 

 
4 

 
5 

 
6 

 
7 

 
8 

 
9 

8 Please rate the SWEETNESS of this product based on your preference. 
  

   
Weak 

     
Just About 

Right 

     
Strong 

  

                     
1 

     
3 

     
5 

  

9 How would you rate the MOUTHFEEL/ VISCOSITY of this product? 
  

 
Dislike 

Extremely 

 
Dislike 

Very 

Much 

 
Dislike 

Moderatel

y 

 
Dislike 

Slightl

y 

 
Neither 

Like nor 

Dislike 

 
Like 

Slightly 

 
Like 

Moderatel

y 

 
Like 

Very 

Much 

 
Like 

Extrem

ely                   
 

1 
 

2 
 

3 
 

4 
 

5 
 

6 
 

7 
 

8 
 

9 

10 Please rate your OVERALL LIKING of this product? 
  

 
Dislike 

Extremely 

 
Dislike 

Very 

Much 

 
Dislike 

Moderatel

y 

 
Dislike 

Slightl

y 

 
Neither 

Like nor 

Dislike 

 
Like 

Slightly 

 
Like 

Moderatel

y 

 
Like 

Very 

Much 

 
Like 

Extrem

ely                   
 

1 
 

2 
 

3 
 

4 
 

5 
 

6 
 

7 
 

8 
 

9 

11 Is this product ACCEPTABLE? 
     

Yes 
   

No 
  

                  
12 Would you BUY this product if it were commercially available? 

 
Yes 

   
No 
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Overall Appearance Frequency % Cumulative 

Frequency 

Cumulative 

% 

Dislike very much 2 0.83 2 0.83 

dislike moderately 4 1.67 6 2.50 

Dislike Slightly 6 2.50 12 5.00 

Neither Like Nor Dislike 6 2.50 18 7.50 

Like Slightly 23 9.58 41 17.08 

Like Moderately 62 25.83 103 42.92 

Like Very Much 106 44.17 209 87.08 

Like Extremely 31 12.92 240 87.08 

Colour Frequency % 
Cumulative 

Frequency 

Cumulative 

% 

Dislike very much 5 2.08 5 2.08 

Dislike Slightly 2 0.83 7 2.92 

dislike moderately 6 2.50 13 5.42 

Neither Like Nor Dislike 4 1.67 17 7.08 

Like Slightly 16 6.67 33 13.75 

Like Moderately 76 31.67 109 45.42 

Like Very Much 96 40.00 205 85.42 

Like Extremely 35 14.58 240 100.00 

Overall Aroma Frequency % Cumulative 

Frequency 

Cumulative 

% 

Dislike Slightly 2 0.83 2 0.83 

dislike moderately 27 11.25 29 12.08 

Neither Like Nor Dislike 23 9.58 52 21.67 

Like Slightly 56 23.33 108 45.00 

Like Moderately 67 27.92 175 72.92 

Like Very Much 52 21.67 227 94.58 

Like Extremely 13 5.42 240 100.00 

   

 

 

 

 

 

 

 

   
 

 

Appendix III 

Frequency for Overall Appearance, Colour, Overall Aroma, Flavor, Rated Flavor, Texture, Sweetness, 

Rated Sweetness, Mouth Feel/Viscosity, Overall Liking, Acceptability, and Purchase Intent 
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Flavor Frequency % Cumulative 

Frequency 

Cumulative 

% 

Dislike Slightly 2 0.83 2 0.83 

dislike moderately 5 2.08 7 2.92 

Neither Like Nor Dislike 19 7.92 26 10.83 

Like Slightly 38 15.83 64 26.67 

Like Moderately 56 23.33 120 50.00 

Like Very Much 108 45.00 228 95.00 

Like Extremely 12 5.00 240 100.00 

Rated Flavor Frequency % Cumulative 

Frequency 

Cumulative 

% 

Weak 32 13.33 32 13.33 

Just About Right 134 55.83 166 69.17 

Strong 74 30.83 240 100.00 

Texture  Frequency % Cumulative 

Frequency 

Cumulative 

% 

Dislike Slightly 2 0.83 2 0.83 

Dislike Moderately 4 1.67 6 2.50 

Neither Like Nor Dislike 11 4.58 17 7.08 

Like Slightly 41 17.08 58 24.17 

Like Moderately 89 37.08 147 61.25 

Like Very Much 61 25.42 208 86.67 

Like Extremely 32 13.33 240 100.00 

Sweetness Frequency % Cumulative 

Frequency 

Cumulative 

% 

Dislike Slightly 2 0.83 2 0.83 

Neither Like Nor Dislike 7 2.92 9 3.75 

Like Slightly 24 10.00 33 13.75 

Like Moderately 72 30.00 105 43.75 

Like Very Much 117 48.75 222 92.50 

Like Extremely 18 7.50 240 100.00 

Rated Sweetness Frequency % Cumulative 

Frequency 

Cumulative 

% 

Weak 18 7.50 18 7.50 

Just About Right 136 56.67 154 64.17 

Strong 86 35.83 240 100.00 
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Mouth Feel/Viscosity Frequency % Cumulative 

Frequency 

Cumulative 

% 

Dislike Slightly 7 2.92 7 2.92 

Neither Like Nor Dislike 13 5.42 20 8.33 

Like Slightly 39 16.25 59 24.58 

Like Moderately 91 37.92 150 62.50 

Like Very Much 58 24.17 208 86.67 

Like Extremely 32 13.33 240 100.00 

 

 

Overall Liking Frequency % Cumulative 

Frequency 

Cumulative 

% 

Dislike Moderately 2 0.83 2 0.83 

Dislike Slightly 5 2.08 7 2.92 

Neither Like Nor Dislike 10 4.17 17 7.08 

Like Slightly 39 16.25 56 23.33 

Like Moderately 92 38.33 148 61.67 

Like Very Much 79 32.92 227 94.58 

Like Extremely 13 5.42 240 100.00 

Acceptability Frequency % Cumulative 

Frequency 
Cumulative % 

Yes 238 99.17 238 99.17 

No 2 0.83 240 100.00 

Purchase Intent Frequency % Cumulative 

Frequency 
Cumulative % 

Yes 239 99.58 239 99.58 

No 1 0.42 240 100.00 
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Appendix IV 

Optimization Plot for processing conditions (T: 900C, S: 45%, P: 3%) 

 

Note: Vertical Red Line: Current Factor Setting; Number at the top of the column: current factor 

level setting (in Red); Horizontal Blue lines and numbers (y): Response for current factor 

level; D: Composite desirability; d: Individual response desirability.  

 

Appendix V 

Optimization Plot for processing conditions (T: 900C, S: 45%, P: 5%) 

 

Note: Vertical Red Line: Current Factor Setting; Number at the top of the column: current factor 

level setting (in Red); Horizontal Blue lines and numbers (y): Response for current factor 

level; D: Composite desirability; d: Individual response desirability.  
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Appendix VI 

Optimization Plot for processing conditions (T: 1050C, S: 50%, P: 3%) 

 

Note: Vertical Red Line: Current Factor Setting; Number at the top of the column: current factor 

level setting (in Red); Horizontal Blue lines and numbers (y): Response for current factor 

level; D: Composite desirability; d: Individual response desirability.  
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Appendix VIII 

Flowsheet for Pineapple Jam Production 

 

 

 

 

 

 

 

 

 

 

 



95 | P a g e  
 

Appendix X  

Some Pictures During the Research Work 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

 

 

 

 

 
 

 

Produced Pineapple Jam Samples 
Microbial Analysis for Pineapple 

Jam Samples 

Sensory Analysis for Pineapple 

Jam Samples 

 
Bacterial Inoculation for Vinegar 

Fermentation  

 

 

Vinegar Fermentation in Incubator   

 
 

Determination of TA 
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Benedict solution for Reducing 

Sugar Determination  

 
 

Acetic Acid Bacterial Strains for 

Vinegar Production  

 

 

Spectrophotometer for Reducing 

Sugar Determination  

 

 
Photo During Laboratory Work 

 


