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ABSTRACT
The nutritional composition of nabag fruit pulp suggests that it can be
used in food formulation operations and as industrial raw materials. The
objective of the present study was to produce vinegar from nabag fruit and to
evaluate its quality. The samples were obtained from Wad Medani local
market. The chemical characteristics of nabag pulp was determined using
standard method. The average chemical components of nabag fruit were:
(6.6  0.09%) moisture, (7.0  0.1%) protein, (0.6  0.1%) oil, (3.0  0.4%)
ash, (4.0  0.7%) fiber, and (78.8%) carbohydrate. The minerals content of
nabag fruit (g/100g) was as follows: (0.012) sodium, (0.36) potassium, and
(0.25) calcium. The ascorbic acid was found to be 36.28 (mg/100g). Nabag
fruit also contained sucrose, glucose and fructose. It was found to be, rich in
calcium, potassium, protein and vitamin C. Fermentation experiment was

د

conducted depending on nabag sugar concentration which was calculated as
(13%). The pH was adjusted at 4.8 using sodium hydroxide (1 N). 50 g of
baker’s yeast (DCL) was added. The fermentation was conducted for 72
hours, at 20C. The concentration of the distilled ethanol after fermentation
was found to be (89%). 10 ml acetic acid were added to 100 ml ethanol and
allowed for 72 hour (the oxidation process) to produce 100 ml vinegar. The
study indicated that volume of vinegar production was 828 ml per kg of
nabag, the concentration of vinegar was equivalent to (6.12%) and had a pH
value of (2.8).
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CHAPTER ONE
INTRODUCTION

Zizyphus spina christi is a shrub, sometimes a tall tree. In Sudan, the
plant is widely grown in the western and central parts of the country (Salih,
1991).
The fruit is edible and occasion sweet, average size is about 0.5 g,
with a single large seed, the fruit contain 14 – 16% sugar and about 1.6%
vitamin C. An alcoholic drink is made from the fruits (Ismail, 1998).
The fruits are sold in local markets, consequently the tree is often
planted near settlements providing food, cash and shade (Vogt, 1995).
Vinegar has been known and appreciated as an important food adjunct
(condiment and preservative) for along time as man has been able to practice
the arts of brewing and wine making.
Vinegar, derived from the French vinegar, means sour or sharp wine
(vin = wine; aigre = sour or sharp). It may be defined as the product
resulting from acetification of alcoholic solutions derived from sugary or
starchy raw materials.
Vinegar may be produced from a wide variety of raw materials, the
main requirements being a satisfactory, economic source of alcohol and
1

accessory flavoring constituents (Kofler and Hickey, 1954).
Vinegar is made by two distinct biological processes, both the result
of the action of harmless microorganisms yeast and Acetobacter that turn
sugars (carbohydrates) into acetic acid.
Vinegar contains many vitamins and other compounds not found in
acetic acid such as riboflavin, vitamin B1 and minerals from the starting
material that impart vinegar with its distinct flavor (http://www.verstile
vinear. Or/faqs.html, 2003).
Objectives of the present study were
1)

To determine physical and chemical composition of nabag fruits.

2)

To use nabag pulp in production of vinegar.

3)

A assessment of quality of the produced vinegar.
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CHAPTER TWO
LITRETURE REVIEW
2.1. Zizyphus spina-christi: (christ’s Thorn)
The genus Zizyphus belongs to the family (Rhamnaceae), it is a genus of
about 100 species of deciduous or green trees and shrubs distributed in the
tropical and subtropical regions in the world. The Arabs call it nabak, sidr.
In English it is christ’s thorn (Lawton, 1989).
2.1.0. Description
This species may occur as a tree, var. christi, with larger leaves 4-5cm
long or small shrub, var. microphllya a rich, with most leaves less than 1cm
long. It is most easily recognized from a distance by its many inter-twined
whitish, thorny branches, but can be confused with shrubby and heavily
browsed Faidherbia albida. If enough water is available, it is an evergreen
but in drier sites it sheds all its leaves. The thorns occur in pairs with one
usually being straight and the other curved. Leaves vary greatly in size, but
always have three prominent nerves coming from the base; the leaf margin is
slightly toothed. Zizyphus spina-christi can be distinguished from other
Zizyphus spp. by its leaves, which have a glabrous upper surface and are
finely pubescent below, and by its fruit which is about 20mm in diameter
(Vogt, 1995).
3

The fruit is yellow to red, globose, up to 15 mm in diameter, edible.
Leaves ovate to elliptic, finely toothed. Flowers yellowish green, arranged in
many flowered cymes (Amanuel, 1994).
Zizyphus spina-christi is hardy, it is in flower from July to August, the
seeds ripen from October to December, fruits March- August (Elamin,
1990).
2.1.2. Distribution
This species is found over the whole Sahelian area from Senegal to
Sudan. It most commonly grows by seasonal water courses and near water
depressions and is often allowed to remain within or in the vicinity of
settlements because of its edible fruits (Vogt, 1995).
2.1.3. Tree requirements
Zizyphus spina-christi grows in rainfall from 50 to 300 mm, soil type
prefers light silty soils but can grow on clays with available water, and can
also tolerates high temperatures. The berries may stay on the tree for a few
months unless they are picked. The flesh can be eaten or soaked away to
reveal a single husk. Within this are about two seeds. The husk should be
soaked in cold water overnight and then sown into unshaded containers.
Germination will be about 30% with flesh seed. Seedlings reach a good
plantable size after about 4-5 months in the nursery. It is also possible to
4

direct-sow this spices but protection is essential as seedlings are very
palatable (Vogt, 1995).
2.1.4. Uses
All parts of the plant are used by the local Arab people to help
maintain a healthy life style. The plant has also been used for its soothing
properties (Adzu et al., 2001 and 2002).
The ripe fruits are edible and found in large quantities in local market.
The seed inside the fruits are roasted to be eaten. The fleshy part can be
dried and pulverized to be baked under the heat of the sun .In Saudi Arabia it
is used for the treatment of ulcers, wounds, eye diseases and bronchitis. The
Bedouin use it for the treatment of wounds, skin diseases and as an antiinflammatory. They also use it as a febrifuge and diuretic.
Plant leaves in south Iran are used in Iranian folk medicine as an
antiseptic, antifungal, anti–inflammatory agent and for healing skin diseases
such as topic dermatitis (Amin, 1991; Nafisy, 1989).
Aqueous leaf extract of Zizyphus spina- christi may possess anti
nociceptive properties in the rat and have a calming effect on the central
nervous system (Effraim et al., 1998).
In traditional medicine the leaves and bark are used to cure dandruff and
stomach disorders. The seeds are used to cure throat infections and as a
5

conditions to encourage hair growth. The roots are used to treat head aches
and tonsillitis (Amanuel, 1994).
The wood is dense and therefore makes good fuel-wood and charcoal.
It is used for making furniture, tool handles, in general carpentry and
turnery. Its application in carpentry is limited by its size.
2.1.5. Food use
The chemical constituents confirm the fruit’s beneficial use as a tonic
(Table 2.1).
The fruit taste like a mixture of dates and apples and are highly prized
by the Bedouins and were found to have a very high energy value. Fruit can
be eaten raw or dried for later use and has a pleasant sub acid taste,
somewhat resembling dried apples (Facciola, 1990). The seeds were rich in
protein and the leaves in calcium, iron and magnesium. The food from this
plant is an important source of energy, protein and minerals.
The berries are tonic and will revive a failing appetite. They are also
laxative and have been used as vermifuge. It refreshes and restores,
improves memory and is a remedy for high blood pressure (Levy, 1991). In
the western part of Sudan the cherry- type fruit is considered a delicacy;
(Kordofan, Darfur): the bitter- sweet pulp of fruit is dried and milled to
produce fine flour.
6

Table (2.1): The nutritional compounds in Zizyphus spina-christi
chemical composition per 100g fruit, dried
Constituent

Value

Constituent

Value

Alanine

0.34 g

Lysine

2.3 g

Arginine

0. 34 g

Magnesium

0.12 g (dry)

Ash(insoluble)

4.4 g (dry)

Manganese

13 mg/kg (dry)

Aspartic acid

1.51 g

Methionine

0.4 g

Calcium

0.61 g (dry)

Na

0.01 g (dry)

Starch

21.8 g (dry)

Phenylalanine

0.22 g

Copper

5 mg/kg (dry)

Cysteine

0.5 g

Protein

5.3 g

D-fructose

16 g (dry)

D-glucose

9.6 g (dry)

Serine

0.39 g

Fat

0.9 g (2.1g(dry))

Sucrose

21.8 g (dry)

Sulphur

0.04 g (dry)

Fiber(crude)(dry) 4.3 g (dry)

Threonine

0.22 g

Glutamic acid

1.76 g

Tyrosine

0.18 g

Glycine

3.1 g

Valine

0.31 g

Histidine

0.9 g

VitaminB1

0.04 mg

Iron

20 mg/kg (dry)

VitaminB2

0.13 mg

Isoleucine

2.3 g

VtaminC

30 mg

K

1.9 g (dry)

Zinc

9 mg/kg

Leucine

0.39 g

Source: Younes et al., 1996, Mahran et al., 1996.
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One method to use this flour is to place it in small metallic cups and cook it
with steam –a process that sets the flour in the shape of the cup. The dried
puple – flour and water are also mixed with sesame and formed into small
balls for immediate use or for use later.
The seed coat is also cracked open and the kernels eaten raw. In Nigeria
(northern

Kano

State)

the

fruits

are

eaten.

Hypoglycemic

and

antihypoglycemic effects of Z. spina –chriti has been demonstrated
(Glombitza, et al., 1994).
0.0.6. Anti-microbial activity
Zizyphus spina-christi has been shown to have activity against bacteria
and fungi. And also other pathogens that are normally quite resistant (Shahat
et al., 2001).
2.1.7 Anti oxidant activity
The polyphenols of Yemeni plants were evaluated by ferrylmyoglobin
assay to determine their antioxidant activity. Zizyphus spina-christi was
shown to reduce oxidative degradation. The protective effects of total
saponins of Zizyphus spina-christi on cultured myocardial cells exposed to
anoxia-reoxygenation was determined and it was found that the peroxidation
of lipids was reduced (file://F:\A review of Zizyphus spina-christi-personal
Care magazine. htm, 2009).
8

2.2 .Vinegar manufacturing principles
The manufacture of vinegar consists of two distinct processes. The first
step is an ethanolic fermentation performed mostly by yeasts (when yeasts
change natural sugars to alcohol under controlled conditions). In the second
step an acetogenic fermentation is carried out by acetic acid bacteria (called
aceto bacter), this acetic or acid fermentation that forms vinegar.
Whereas the ethanol fermentation is anaerobic, the latter is conducted under
highly aerobic conditions (Hutkins, 2006).
2.2.1. Acetic acid
Acetic acid –producing bacteria are present throughout the world, and
any culture practicing the brewing of beer or wine inevitably discover
vinegar as the natural result of these alcoholic beverages being exposed to
air .The use of acetic acid in chemistry extends into antiquity. In the third
century BC, the Greek philosopher Theophrastus described how vinegar
acted on metals to produce pigments useful in art, including white lead (lead
carbonate) and verdigris, a green mixture of copper salts including copper
acetate. Ancient Romans boiled soured wine lead pots to produce a highly
sweet syrup called sapa. Sapa was rich in lead acetate, a sweet substance
also called sugar of lead or sugar of Saturn, which contributed to lead
poisoning among the Roman aristocracy. The 8th century Persian alchemist
9

Jaber Ibn Hyyan (Geber) concentrated acetic from vinegar through
distillation. In the Renaissance, glacial acetic was prepared through the dry
distillation of metal acetates. The 16th century German alchemist Andreas
Libavius described such a procedure, and he compared the glacial acetic acid
produced by this means of vinegar. The presence of water in vinegar has
such a profound effect on acetic acid’s properties that for centuries many
chemists believed that glacial acetic acid and the acid found in vinegar were
two different substances. The French chemist Pierre Adet proved them to be
identical (Martin, 1917). In 1847 the German chemist Hermann Kolbe
synthesized acetic acid from inorganic materials for the first time. This
reaction sequence consisted of chlorination of carbon disulfide to carbon
tetrachloride, followed by pyrolysis to tetrachloroethylene and aqueous
chlorination to trichloroacetic acid, and concluded with electrolytic
reduction to acetic acid (Gold, 2003). By 1910 most glacial acetic acid was
obtained from the” pyroligneous liquor” from distillation of wood. The
acetic acid was isolated from this by treatment with milk of lime, and the
resultant calcium acetate was then acidified with sulfuric acid to recover
acetic acid Fig. (2.1) shows the structure of acitic acid. At this time Germany
was producing 10,000 tons of glacial acetic acid, around 30% of which was
used for the manufacture of indigo dye (Schweppe, 1979).
10

Fig. (2.1): Structures of acetic acid
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2.2.2. Chemical properties
1. Acidity
The hydrogen (H) atom in the carboxyl group (–COOH) in carboxylic
acids such as acetic acid can be given of as an H+ ion (proton), giving them
their acidic character. Acetic acid is a weak, effectively monoprotic acid in
aqueous solution, with a pka value of 4.8, and solution of 1.0 M (about the
concentration of domestic vinegar) has a pH of 2.4, indicating that merely
0.4% of the acetic acid molecules are dissociated.
The crystal structure of acetic acid shows that the molecules pair up into
dimers connected by hydrogen bond. The dimers can also be detected in the
vapour at 120C (Jonesand Templeton, 1958). They probably also occur in
the liquid phase of pure acetic acid, but are rapidly disrupted if any water is
present. This dimerisation behaviour is shared by other lower carboxylic
acids (http://en.wikipedia.org/wiki/Aceticacid, 2009).
2. Solvent:
Liquid acetic acid is a hydrophilic (polar), similar to ethanol and water.
With a moderate dielectric constant of 6.2, it can dissolve not only polar
compounds such as inorganic salts and sugar, but also non-polar compounds
such as oils and elements such as sulfur and iodine. It readily mixes with

12

many other polar and miscibility of acetic acid makes it a widely used
industrial chemical (http://en.wikipedia.org/wiki/Aceticacid, 2009).
3. Detection
Acetic acid can be detected by its characteristic smell. A colour reaction
for salts of acetic acid is iron (111) choleric solution, which results in a
deeply red colour that disappears after acidification. Acetates when heated
with arsenic trioxide form cacodyls oxide, which can be detected by its
malodorous vapours (http://en.wikipedia.org/wiki/Aceticacid, 2009).
4. Production
Acetic acid is produced both synthetically and by bacterial fermentation.
Today, the biological route accounts for only about 10% of world
production, but it remains important for vinegar production, as many of the
world food purity laws stipulate that vinegar used in foods must be of
biological origin. About 75% of acetic acid made for use in the chemical
industry is made by methanol carbonylation (Yoneda et al., 2001).
Total worldwide production of virgin acetic acid is estimated at 5 Mt/a
(million tones per year), approximately half of which is produced in the
United States. European production stands at approximately 1 Mt/a and is
declining, and 0.7 Mt/a is produced in Japan. Another 1.5 Mt/a are recycled
each year, bringing the total world market to 6.5 Mt/a.
13

The two biggest producers of virgin acetic acid are Celanese and BP
Chemicals. Other major producers include Millennium Chemicals, Sterling
Chemicals, Eastman, and Svensk Etanolkemi (Suresh, 2003).
2.2.3. Alcoholic fermentation
Historically, fermentation was generally associated with the conversion
of sugar into ethanol and carbon dioxide, and it was at the beginning of the
19th century that Gay-lussac expressed this result in the equation.
C12H24O12

4CO2+4C2H5OH

Which was modernized to:
C6H12O6

2CO2+2C2H5OH

The yeast affords the required micro-organism for fermentation
(Paturau, 1982).
2.2.4. Fermentation operation
The slurry is stored in large steel tank. Ammonium sulphate, urea, dilute
sulphuric acid to maintain a pH of 4 to 5 are added and pumped to a large
fermenter vessel of steel. It is kept closed to collect the carbon dioxide
evolved. Multiplications of wild yeast or bacteria are suppressed by cooling
out side the vessel and keeping the environment clean. Temperature is kept
25C in the fermenting vessel for best yield.
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Higher temperature causes side reactions around 40-70 hours are
required for the fermentation to be completed.
During fermentation, the invertase of microorganism affect the
hydrolysis reaction, producing monosaccharide. The enzyme zymase
changes the monosccharide into alcohol and carbon dioxide. The
fermentation time varies between 30 and 72 hour, depending on other
factors, and the temperature of the slurry. The fermentation is an anaerobic
and carbon dioxide is produced at rate of about 160 kg/ton molasses
(Paturau, 1982).
0.0.5. Distillation
Distillation systems can either be batch or continuous. Figure (2.2)
shows the schematics of continuous and batch distillation system. Choosing
one system or the other is based on plant scale. Both types require heating
system, usually steam (which can be from low-pressure boilers), a
distillation column, and a condenser.
Distillation column size and ethanol production rate are based on the
concentration of ethanol in the fermented mash, fermentation capacity, and
production schedules. Small-scale plants can produce up to about 100,000
liters.
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Fig. (2.2): Schematics of Continuous and Batch Distillation System
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In the batch system the vapors are allowed to pass into the distillation
column. Though batch systems are less efficient than continuous feed
distillation systems, they are much easier to build and operate.
In continuous feed system, fermented mash is pumped at a controlled
rate into the distillation column, with heat introduced at the bottom of the
column. Provision is made at the top of the column to feed unprocessed
mash back through the system.
Continuous feed columns should be used in large-scale plants where the
improved efficiency justifies the added complexity (www.appropedia the
sustainability wiki.htm, 2008).
2.2.6. Vinegar production
Acetic acid bacteria are widely distributed in plant materials rich in
sugar, such as fruits and nectars. They are also common in habitants of
alcohol-containing solutions, including wine, beer, hard cider and other
ethanolic beverages.
The vinegar fermentation is conducted in the presence of aceto bacter
and under conditions that favor growth and oxidative metabolism by this
organism. The most common starting material, whose identity must be
indicated on the label are grape and rice, wine fermented grain or malt
mashes and fermented apple cider.
17

Distilled ethanol is also permitted as a substrate for vinegar manufacture.
Importantly vinegar must be by definition result from the aquious
fermentation" of ethanol. In other words acetic acid via chemical synthesis
can not be labeled as vinegar .Vinegar must contain at least 4% acetic acid,
usually the ethanol concentration is less than 0.5% and the pH is between 2
and 3.5 in countries where identity standards do exist.
As noted above, the raw material determines the name of vinegar for
example red wine vinegar, apple cider vinegar malt vinegar.
However, the starting material also has a profound influence on the
flavor and overall quality attributes of the vinegar. Although the
predominant flavor of all vinegar is due to acetic acid, other flavor specific
to ethanol source or the means of its manufacture, may also be present
(Hutkins, 2006).
0.0.7. Difference between acetic acid and vinegar
Although acetic acid is primary constituent of vinegar aside from water,
acetic acid is not vinegar. Acetic acid is created by fermenting alcohol.
House hold vinegar a 5% solution of acetic acid made from the fermentation
of plant products like grape and apples. Acetic acid should not be substituted
for vinegar in pickled food, which consumers customarily expect to be
prepared with vinegar. There are stronger concentrations of acetic acid
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available and even synthetically created acetic acid. All vinegars contain
acetic acid, but not all acetic acid is vinegar. (http://gardening. about.
com/od/ natural organic control/qt/vinegar herbici. htm, 2009).
2.2.8. Metabolism and fermentation
The acetic acid pathway used by Acetobacter, Gluconobacter and other
acetic acid bacteria is an example of what is referred to as an incomplete
oxidation. Whereas in most oxidative pathways, organic substrates are
ordinarily oxidized all the way to CO2 and H2O. In the vinegar fermentation,
acetic acid bacteria usually oxidize the substrate to ethanol, then to acetic
acid. However as described below exceptions exist where complete
oxidation to CO2 can occur.
The actual pathway consists of just two main steps, Figure (2.3) first,
ethanol is oxidized to acetaldhehyde and then the acetaldehyde is oxidized to
acetic acid.
An intermediate step in which acetaldehyde hydrate is formed, may also
occur. Oxygen is required as the terminal electron acceptor. It should also be
noted that the conversion of ethanol to acetic acid occurs on an
equimolecular basis, such that after the reactions are complete, the final
concentration of acetic acid will be equal to that of the ethanol in the starting
material (assuming negligible loss from evaporation).
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Fig. (2.3): Formation of acetic acid from ethanol by Acetobacter aceti
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Only a minor amount of the carbon from ethanol is used for biomass or
converted to other products (Hutkins, 2006). The oxidation of acetic acid
involves two enzymatic reactions (upper panel). In the first reaction, ethanol
is oxidized to acetaldehyde by alcohol dehydrogenase. Next, acetaldehyde
dehydrogenase further oxidizes acetaldehyde to acetic acid. An intermediate
hydration reaction may occur, in which acetaldehyde hydrate is formed (not
shown). Both alcohol dehydrogenase and acetaldehyde dehydrogenase
enzymes require pyrroloquinoline quinine (PQQ) as a co factor, which
serves as an electron acceptor (lower panel). The reduced PQQ then supplies
electrons to the electron transport chain, eventually leading to the formation
of ATP via oxidative phosphorylation(Fuchs, 1999).
2.2.9. Trickling generator processes
In the vinegar fermentation, the rate at which ethanol is oxidized to
acetic acid depends on the presence and availability of oxygen and the
surface area represented by the air-liquid interface. In other words the ability
of acetic acid bacteria to perform the acetic acid fermentation is limited
primarily by the diffusion or transport of oxygen from the atmosphere to the
cell surface. It is possible to significantly accelerate the oxidation of ethanol
by increasing the surface area, which was originally described nearly 300
years ago by the famous Dutch physician-chemist Hermann Boerhaave,
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forms the basis for the trickling generator processes, which are sometimes
referred to as simply quick vinegar processes. The earliest examples of
trickling generators used on an industrial scale were the Schutzenbach and
Ham processes, introduced in 1823 and 1824 respectively. In these systems,
which are still widely used, ethanolic substrates are circulated or trickled
through cylindrical fermentation vessels or vats containing inert packing
materials, such as curled wood shaving, wood staves, or corn cobs, Figure
)2.4(.
Many other materials can be used, provided they do not contribute
flavor or are degraded. The main requirement is that they have a large
surface area.
As the inoculated substrate or feedstock passes from the top to the
bottom of the vessel, the total surface area of the liquid material increases as
it moves around and between the particulate packing material .Growth of
acetic acid bacteria will then occur at the air-liquid interface, such that the
ethanol concentration decreases and the acetic acid concentration increases
during the transit of substrate from top to bottom. Holes can be drilled into
the side of the vessel to ensure that aeration is adequate. When the substrate
reaches the bottom section (the collection chamber), it may be returned to
the top until the effluent is sufficiently acidic to be called vinegar.
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Fig. (2.4): Trickling generator system
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Alternatively, a second tank can be used to increase the oxidation rate and
product throughput. The inoculated mash is fermented first in tank 1, then
passed , with aeration into tank 2, and back and forth until all of the ethanol
is converted to vinegar. About three days are required to convert a 12% (v/v)
ethanol solution to a vinegar containing 10% to 12% acetic acid (Hutkins,
2006).
2.2.02. Submerged fermentation
Advances in biotechnology, and in particular, the fermentation industry,
have led to the development of modern industrial fermentors capable of
rapid, high throughput bioconversion processes. Although submerged
fermentation systems are now widely used for many industrial fermentation
processes, they were actually developed by the vinegar industry and the
Heinrich Frings Company, in particular more than fifty years ago. The
acetator (the Frings Fermentor), Cavitator, Bubble Fermentor, and other
similar units are constructed of stainless steel, can be easily cleaned and
sanitized, and can operate in batch, semi-continuous, or continuous mode.
Most of the vinegar produced world wide is now made using submerged
fermentation system. The most important feature of the submerged
fermentation systems is their ability to provide rapid and efficient aeration.
For example, the Frings acetators is equipped with turbines that mix the
24

liquid with air or oxygen and deliver the aerated mixture at very high rates
inside the fermentor. The aeration system’s ability to break up air bubbles
and facilitate transfer of oxygen molecules from the gas phase to the liquid
phase is essential, since the success of submerged fermentation systems
relies on the transfer of oxygen from the medium to bacteria.
The viability of Acetobacter cells can be quickly compromised if
aeration is even momentarily lost.
In addition to the aeration system, process controls for propeller speed
(up to 1.750 rpm), nutrient feed, foam-handling, and temperature further
provide for consistent, semi, continuous operation. Temperature control may
be of particular concern in large-scale fermentations because ethanol
oxidation is an exothermic reaction and heat is released. The medium
temperature, if not controlled, can increase from an optimum of 28C to as
high as 33C.
The size and design of submerged fermentation systems vary
considerably. Production can be of capacities of 25 liters per day of 10%
acetic acid for very small-scale Fermentors, up to 30,000 liters per day for
large scale reactors, are possible. In general, the starting material contains
both ethanol and acetic acid (from a prior fermentation). After single cycle
of sixteen to twenty-four hours, the ethanol concentration will be reduced
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from about 5% to less than 0.5% and the acetic acid will increase from
around 7% to 12%. Up to half of the vinegar is then removed and replaced
with fresh ethanol feed stock. Cell growth during a typical fermentation
cycle is modest, with only a single doubling of the initial population.
Depending on the manner in which the fermentation occurs, the vinegar may
be relatively clear, in the case of barrel-aged product, or very turbid, in the
case of submerged fermentation- produced product (Hutkins, 2006).
2.2.11. Types of vinegar
Since vinegar can be made from any things with sugar there are
probably too many different types to count in countries throughout the
world. Each country may use starting materials native to their area and
tailored to the specific tastes of the region.
Typical retail varieties of vinegar include white distilled, cider, wine
(white and red), rice, balsamic, malt and sugar cane. Other more specialized
types include banana, pineapple, raspberry, flavored and seasoned (e.g
garlic, tarragon, (http://www. Versatile vinegar. Org/ faqs. Htm1, 2002).
2.2.10. Standards of vinegar
The following varieties of vinegar are classified by a US Food Drug
Administration (FDA) Compliance Policy Guide for labeling purposes
according to their starting material and method of manufacturing:
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1.

Cider vinegar or apple vinegar is made from the two-fold fermentation
of juices of apples. Vinegar can be made from other fruits such as
peaches and berries with the labels describing starting materials.

2.

Wine vinegar of grape is made from the two-fold fermentation of the
juice of grapes.

3.

Malt vinegar, made by the two-fold fermentation of barley malt or
other cereals where starch has been converted to maltose.

4.

Sugar vinegar, made by the two-fold fermentation of solutions of
sugar syrup or molasses.

5.

Spirit of distilled vinegar, made by the acetic acid fermentation of
dilute distilled alcohol.

6.

Blended vinegar made from a mixture of spirit vinegar and cider
vinegar is considered a combination of the products that should be
labeled with the product names in the order of predominance. It is also
the product made by the two fold fermentation of a mixture of alcohol
and cider stock.

7.

Rice or rice wine vinegar (although not part of FDA’S has increased
in popularity over the past several years and is made by the two-fold
fermentation of sugars from rice or a concentrate of rice without
distillation.
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8.

Seasoned rice or rice wine vinegars are made from rice with the
seasoned ingredients noted on the label.

9.

Balsamic vinegar (also not a part of FDA’S Compliance Policy
Guide) continues to grow in market share, traditional and commercial
forms are available. The products are made from the juice of grapes,
and some juice is subjected to an alcoholic and subsequent acetic
fermentation and some to concentration or heating.
(http://www. Versatile vinegar.Org/ faqs. Htm1, 2002).

2.2.13. Uses of vinegar
Vinegar supplementation lowers glucose and insulin responses and
increases satiety after a bread meal in healthy subjects(Ostman et al., 2005).
Blood glucose and insulin levels were lower 30 minutes after eating
bread soaked in vinegar. Added vinegar to food or taken a long with a meal,
have been shown by a number of medical trials to reduce the glycemic index
of carbohydrate food for people with and without diabetes (Liljeberg and
Bjorck, 1998). This also has been expressed as lower glycemic index ratings
in the region of 30%(Sugiyama et al., 2003).
1. Diet control
Multiple trials indicated that taking vinegar with food increases satiety
(the feeling of fullness) and so, reduces the amount of food consumed
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(Ostman,2005). Even single application of vinegar can lead to reduced food
intake for a whole day.
2. Infection
Vinegar has been used to fight infections since Hippocrates, who lived
between 460-377BC, prescribed it for curing persistent coughs. Some
studies have suggested that vinegar may fight fungal infection and it may
also have antibacterial properties (http://en.wikipedia.org/wiki/vinegar,
2009).
0.0.01. Apple cider vinegar health benefits
The source of apple cider vinegar health benefits is the apple which has
long been known as a nutritional powerhouse (the benefits come from the
nutrition of the apple) Table (2.2). It contains many vitamins, minerals,
antioxidants, and dietary fiber, while at the same time having very little fat
and sodium. Many experts believe that these extra fermentation products are
important elements in apple cider vinegar’s health benefits and weight loss
properties, (http://www.apple-cider-vinegar-benefits.com/apple-cider-vingar
–health-benefits.html, 2009). Apple cider vinegar contains 5% acetic acid
and much smaller a mounts of malic acid, lactic acid, and various amino
acids. They give apple cider vinegar its antiseptic property, which helps
deter the growth of unwanted bacteria and yeast in the digestive track. By
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taking a little apple cider vinegar before a meal, you can increase stomach
acidity and thereby improve digestion and nutrient uptake. Also use the
apple cider vinegar to maintain the acidic alkaline balance (pH balance) of
the body’s urine, http://www.apple-cider-vinegar-benfits.com/apple.cidervinegr-health-benefits.html, (2009).
Apples and apple cider vinegar contain pectin a water soluble fiber
which can absorb water,fat,toxins,and cholesterol in the digestive tract and
remove them from the body. Pectin also improves glucose metabolism and
lowers blood pressure resulting in improved heart health. The insoluble fiber
in apples aids digestion and elimination, promotes regularity, and contributes
to bowel cleaning.
2.2.15. Vinegar quality
At least two criteria must be considered to assess the quality of vinegar.
In contrast to other fermented food, where authenticity is rarely disputed,
vinegar can be adulterated, either less expensive vinegar or with other acidic
agents. In rare instances, adulteration is caused by even more dubious
means. For example, acetic acid produced via chemical synthesis can be
diluted and then marketed (illegally) as fermentation-derived vinegar.
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Table (2.2): Nutritional value in apple/medium apple (138g)
Constituent
Calories
Water
Carbohydrates
Protein
Fat
Dietary fiber
VitaminA
VitaminC
VitaminB1
VitaminB2
VitaminB6
Folic acid
Niacin
Pantothenic
Sodium
Calcium
Magnesium
Zinc
Manganese
Potassium
Phosphorus
Iron
Copper

Value
81calories
115.8g
21.1g
0.3g
0.5g
2.8g
74 international units
8mg
0.02mg
0.02mg
0.07mg
4 micro g
0.1mg
0.08mg
1mg
10mg
6mg
0.05mg
0.06mg
159mg
10mg
0.25mg
0.06mg

Source: (http://www. apple-cider-vinegar-benefits.com/apple-cider-vingar –
health-benefits.html, 2009).
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Thus, the first quality criterion is based on establishing that the vinegar
is actually vinegar (and not just diluted acetic acid) and that the type of
vinegar indicated on the label accurately represents what is in the product
(Tesfay et al., 2002). Discriminating analyses that are used to distinguish
samples of vinegar involve measuring selected chemical constituents,
including minerals, alcohols, acids, phenolics, and other volatile compounds.
The other main characteristics on which vinegar quality is based are those
that relate to flavor, aroma, and other organioleptic properties. Vinegar
flavor is particularly influenced by the raw ethanolic material from which it
was made (Hutkins, 2006). The recent studies in vinegar, confirmed that
vinegar’s shelf life is almost indefinite. Because of its acid nature, vinegar is
self-preserving and does not need refrigeration. White distilled vinegar will
remain virtually unchanged over an extended period of time. And while
some changes can be observed in other types of vinegar, such as color
changes or the development of a haze or sediment, this is only an aesthetic
change.
The product can still be used and enjoyed with confidence
(http://www.versatilevinegar.org/faqs.html, 2009).
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CHAPTER THREE
MATERIALS AND METHODS
3.1 Materials
3.1.1. Zizyphus spina –christi (nabag)
Nabag fruit samples were obtained from Wad Medani local market.
“Central Sudan” in August 2008. All the samples were collected in the
plastic sack and transported tothe Food Laboratory, University of Gezria,
Department of Food Science and Technology. Part of the nabag fruit
samples were cleaned from foreign matter (washed and soaked in water for
24 hours in stirrer tank) then seeds were removed from the pulp and filtered
for vinegar production. The other part was removed the pulp from the seed
by manual then the pulp kept as powder by machine for chemical analyses.
All experiments were carried out in triplicates.
3.1.2. Chemicals
- Sodium Benzoate C7H5O2NA 1.25 - Sodium hydroxide NaOH
- Pheno nphthaline C20H16O4

- Sulphuric acid H2SO4 conc.

- Absolute ethanol C2H5OH

- Alfa naphthol C10H8O

- Hydrochloric acid HCl 0.02N

- Butanol C3H7OH

- Boric acid CH3BO3

- Hexane C6H14

- Ammonium sulphate ( NH4)2SO4
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- Potassium chloride KCl

- Sodium chloride NaCl

- Calcium chloride CaCl2

- Starch

- Silica gel

- Acitic acid CH3COOH

- Orthophosphoric acid

- Copper sulphate

- Potassium sulphate

- Calcium sulphate CaSO4
3.1.3. The yeast
Yeast, (Saccharomyces cerevisae), was obtained from the market,
manufactured by Turkish Company.
3.1.4. Apparatus, equipment and glass ware
- Distillation unit
- Vernier
- Mixture machine
- pH meter
- 500,1000ml flasks

- Abbe-Refractometter
- Caliper
- Stirrer tank
- Balance
- Buret

- TLC plates

- Heater

- Beakers

- Volumetric flask

- Glass rod

- Steel container

- Thermometer

- Autoclave

- Tissue paper

- Dropper

- Coater

- Steel tank
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- Tank

- Buchner funnel

- Oven

- Porcelain dish

- Soxhelt unit

- Muffle furnace

- Flame photometer

- Dessicator

- Refroctometer

- Foil paper

- Erlenmeyer flask
3.2 Methods of analyses
3.2.1 Physical analyses of nabag
The measurements of fruit physical characters included fruit using
(Vernier Caliper), volume, radius and weight of single fruit.
3.2.2 Proximate analysis of nabag
Analysis of proximate composition was carried out on the sample
consisting of fruit powder. The proximate composition include crude
protein, crude fat, crude fiber, moisture content, crude oil, ash and total
carbohydrate.
3.2.2.1 Crude protein determination
Protein contents of the samples were determined according to (AACC,
1983) in which five grams were digested by heating with concentrated
sulphuric acid for 3 hours in the presence of copper sulphate and potassium
sulphate as catalysts. After cooling the digest was diluted to a volume of 100
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ml with distilled water. Then 5 ml of the diluted digest was transferred to a
clean steam distillation unit and 10 ml of 40% NaOH solution were poured
into the distillation flask. The ammonia liberated was trapped in boric acid
solution. The content was titrated directly with a standard 0.1N HCL
solution with added promothymol blue as indicator. The change in colour of
the mixture from wine to blue was taken as the end point.
Protein % =

ml of 0.1 N HCL ×0.0014×6.25×dilution factor
Weight of the sample

×100

3.2.2.2 Crude fiber determination
Crude fiber contents of the samples were determined according to the
AOAC method (1984). Five grams of the defatted sample were weighed into
a 600 ml beaker. Then 200 ml of 1.25% (v/v) diluted sulphuric acid solution
were added and boiled. The contents were boiled for 30 minutes and the
beaker was shaken about every 5 min while boiling to mix the contents
thoroughly, and then filtered through a buchner funnel. The residue was then
treated with sodium hydroxide solution and boiled for 30 min. After filtering
the contents, the residue was transferred to a pre-weighed porcelain dish and
dried at 100C in an air oven to a constant weight. Then the contents were
placed in a muffle furnace and ignited at 550C for 5 hours. After cooling in
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a dessicator, the dish containing the ignited sample was weighed again. The
crude fibre content was calculated as follows:
C.F% = loss in weight of dish and contents
Weight of the sample

×100

3.2.2.3 Moisture content determination
The standard method of the Association of Official Analytical Chemists
(AOAC, 1984) was used to determine the moisture content of the sample.
Five grams from the samples were weighed into a pre-dried, weighed and
clean porcelain dish. The sample was placed in an air oven and dried at
130C for 2 hours. Finally, the sample was removed from the oven, cooled
in a dessicator at the room temperature and weighed.
The moisture content was calculated as follows:
Moisture content =

Loss in weight
Weight of sample

× 100

3.2.2.4 Ash determination
The method of AOAC (1984) was used to determined the ash content
of the samples analyzed in this study, 5 grams of sample were weighed into
a clean pre- dried and weighed porcelain dish. The dish containing the
sample was placed in a muffle furnace at 550C and left burning for 5 hours
at this temperature. Then, the dish with its content was weighed again after
cooling in a dessicator to the room temperature.
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Ash contents was calculated as follows:
Ash% =

Weight of ash
Weight of sample

× 100

3.2.2.5 Oil content determination
Crude fat was determined according to the method of the American Oil
Chemists Society (AOCS, 1981).
Ten gm of the sample were weighed into a filter paper and wrapped in
such a fashion as to prevent escape of the meal. The wrapped sample was
put into a thimble tube; one piece of absorbent cotton was placed at the top
of the thimble to distribute the solvent as it drops on the sample. The thimble
containing the sample was then placed in a soxhelt extraction tube, and
attached to a pre-weight extraction flask containing 150 ml of n-hexane. The
extraction flask was disconnected after 6 hours extraction period and then
the hexane was recovered by distillation. Last traces of the solvent were
removed by putting the flask in the air oven. The flask containing the crude
oil was cooled in a dessicator at room temperature and weighed. The crude
fat content was calculated as follows:
Crude fat % = Weight of oil extracted
Weight of the sample
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x 100

3.2.2.6 Total carbohydrates content
The total carbohydrate was obtained by calculation as the difference
between the sum of the other major ingredients, namely moisture, ash, crude
fiber, crude protein and fat from 100, i.e. Total carbohydrate content = 100(% moisture + % crude protein + % crude fiber + % crude fat + % ash),
(Polin and Denis, 1912).
3.2.3 Determination of ascorbic acid (vitamin C)
Ascorbic acidcontent was determined according to the method
published in Food Chemicals Codex (Committee on Specifications of the
Food Chemicals Codex of the Food Portion Committee, 1966).
Reagents: Starch: One gm of arrowroot starch was mixed with 10 ml of cold
water. The mixture was added, with constant stirring into 200ml of boiling
water. The mixture was boiled until a thin, translucent fluid was obtained
(longer boiling than necessary renders the solution less sensitive). The
mixture was allowed to settle and only the clear supernatant was used.
A solution containing 10% (v/v) of H 2SO4 prepared by cautiously
adding 10 ml of sulfuric acid to about 100 ml of water, then cooled at room
temperature, and was diluted with distilled water to 1000 ml.
Four hundred milligrams of nabag powder sample were mixed with
100 ml of distilled water and 25 ml of sulfuric acid. The clear solution was
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titrated immediately with 0.1 N iodine, starch T.S. was added to the sample
under test. Ascorbic acid calculated as each one ml of 0.1 N iodine is
equivalent to 8.806 mg of ascorbic acid.
3.2.4 Determination of minerals
Potassium (K), sodium (Na) and calcium (Ca) determinations were
accomplished by means of flame photometer model (Corning 400) according
to the AOAC. (1970) in which different concentrations (5, 10, 15, 20, 25
ppm) were prepared from stock solutions of Ca, Na and K using the flame
photometer the readings were taken and a graph was made. The sample was
prepared by weighing 5 grams of sample were weighed into a clean predried and weighed porcelain dish. The dish containing the sample was
placed in a muffle furnace at 550C and left burning for 5 hours at this
temperature. Then, the dish with its content was weighed again after cooling
in a dessicator to the room temperature and ash content was determined then
ash was dissolved in distilled water and adding 10 ml HCl to make 100 ml.
Then the absorption of the sample was measured and the concentration
determined from the calibration, curve.
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a) Sodium stock solution
2.5 g of NaCl were dissolved in distilled H 2O and diluted to one litre
“1000 ppm Na/ml” then 10 ml of the solution were taken and diluted to 100
ppm Na/ml.
b) Potassium stock solution
1.91 g of KCl was dissolved in distilled H 2O and diluted to one liter
“1000 ppm k/ml “ then 10 ml were taken of the solution and diluted to 100
ml with H2O to make 100 ppm K/ml.
c) Calcium stock solution
1.77 g of CaCl2 was dissolved in distilled H2O and diluted to one liter
“1000 ppm Ca/ml “ 10 ml were taken and diluted to 100 ml with H 2O to
make 100 ppm Ca/ml.
Aliquot containing 10, 20, 30 and 40 ppm for Na, 4, 8, 12, 16 and 20
ppm for K and 100, 200, 300, 400 and 500 ppm for Ca were taken for
contracting the standard curve for each element (Figs. 3.1, 3.2 and 3.3).
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Fig. (3.1): The Sodium Standard Curve
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Fig. (3.2): The Potassium Standard Curve
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Fig. (3.3): The Calcium Standard Curve
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3.2.5 Qualitative analysis of sugar by TLC
Sugars in nabag powder extract were identified by TLC described by
AOAC (1970)
1. Preparation of plates
Thin layer plates of thickness 0.25 and 0.50 mm were prepared using
equipment from Shandon Scientific Instrument Ltd. 30 gram of silica gel (G
AND 60 GF 254, MERCK KGaA, Germany) containing 13% CaSO 4 was
shaken vigorously for about one minute with a volume of distilled water
equivalent to twice the weight of the gel and applied to 20×20 cm glassplates set at the required thickness. The plates were heated in an oven for ½
hr at 1100C before cooling in dessicator. The samples were applied to the
plates

and

equilibrated

against

the

developing

solvent

before

chromatographic development.
2. Preparation of extract
The extract was prepared by taking 10 gm of nabag powder in 20 ml of
distilled water and allowed to stand for 4 hrs, then filtrated, lastly the sample
was taken from it (a few micro liters), the standard were prepared by
weighing 1 gram of the standard sugar, sucrose, glucose, fructose and
maltose in 10 ml of distilled water. A few micro liters were taken and
spotted on the plate. The plate was developed in a tank containing the
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solvent mixture butanol, aceti acid, water the separation completed when the
solvent front reached to 2/3 or 15 cm length. Then the plate was taken out
from the tank and dried in the oven. A colouring agent was sprayed after the
drying of the plate and put again in the oven at 100C for 3 – 5 min. the
spots which appeared were recognized by comparison with the standard
sugars.
3. TLC solvent system and reagent
a) Butanol: Acetic acid: H2O ( 52 :35 :13 ) was used for separation on a TLC
plate .
b) Colour: reagent: Prepared by adding 1g alfanaphthol, 10 ml sulphuric
acid, 90 ml ethanol. The plate was then taken on the tank for 45 min and
dried on the oven, the sugar spots were made visible by spraying the plate
with a colour reagent. Then the plate was air dried at room temperature and
treated at 100C for 2-5 min to produce the characteristic colour for each
sugar.
3.3. Fermentation and vinegar production
The methods used were referred to Paturau (1982).
3.3.1. Fermentation
5.600 kg of nabag fruit samples were cleaned from foreign matter, washed
and soaked in 11 liter water for 24 hours in stirrer tank then seeds were
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removed from the pulp and filtered. The brix and pH were read using the
refractometer and pH meter, respectively.
The pH was adjusted to 4.8 using sodium hydroxide (1 N).
One gram of ammonium sulphate, half ml of orthophosophoric acid
were added. Then 50g of yeast were added and well shacked. Then closed in
steel tank for fermentation at room temperature for 72 hour.
Ferment slurry was kept in the refrigerator at 10-20C.
3.3.2. Distillation
Using the distillation unit, the fermented slurry sample was distilled at
78-80C. The ethanol distillates from this was collected, weighted and
analyzed. Then 10 ml of acetic acid was added to the 100 ml of ethanol.
3.3.3. Vinegar production
10 ml of acetic acid were added to the 100 ethanol in the flask. Then the
flask was closed with a foil paper containing several pores inorder to allow
oxygen to enter for 72 hours (the oxidation process) at a temperature of
37C. The produced of vinegar was then weighted and analyzed.
3.4. Method of ethanol analysis
1) Refractive index
The refractive index was determined using an Abbe bench
refractometer according to (ICUMSA, 1998). The measurement was affected
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by changes in the temperature. Therefore, the sample of ethanol was cooled
to correct temperature (200C). The refractometer was adjusted to zero with
distilled water. The drop of the sample of juice was placed on refractometer.
Then the refractive index was read.
2) The Density
The density of ethanol was measured as follows:
The flacon (100 ml) was weighted then filled by ethanol, and weighted gain
the density of ethanol was calculated. The weight per volume of flacon.
Density = weight / volume

(Scann, 1971).

3) Concentration
For the determination of the concentration of processed alcohol
refractometrically. Series of dilutions for absolute alcohol was prepared in
the order of 10%, 20%, 40%, 60%, 80% and 100%. Using the Abbe
refractometer, the refractive index of the series dilutions was recorded
respectively, then the curve was plotted. The refractive index of the sample
was found using the same instrument. Then from the curve obtained the
concentration of the processed alcohol was found.
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Fig. (3.4): Concentration of ethanol
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3.5. Vinegar analysis
1) pH measurement
The pH of the vinegar was measured using pH- meter (PHS-3C
Digital) at ambient temperature (ICUMSA, 1994). The electrode was rinsed
and receptacle with portion of vinegar sample. A beaker was filled with the
vinegar sample to a depth covering the bulb of glass electrode. Then the
system was allowed to equilibrium and pH was read.
2) Concentration of acetic acid
The purpose of this experiment was to determine the concentration of
acetic acid in sample of vinegar and to compare it with the federally required
minimum concentration of 4 g acetic acid per 100 ml of vinegar. The
analytical method to be used makes use of the neutralization reaction
between acetic acid and sodium hydroxide.
The method to be used was the titration method. A sodium hydroxide
solution of 1 molarity was contained in a buret and the acetic acid solution
was contained in an erlenmeyer flask and added phenonapthaline as
indicator. Acetic acid reacts with sodium hydroxide, a base, according to the
reaction:
CH3CO2H

+ NaOH

Acetic

sodium

acid

hydroxide

H2O+

CH3CO2Na
sodium acetate
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(1)

This is an example of an acid-base neutralization reaction in which an acid
and a base- react to produce water plus a salt.
In the titration method, NaOH was added to the acetic acid solution
until just enough base has been added to completely react with all of the
acid. The point where just enough base has been added to neutralize the acid
was called the equivalence point. According to reaction (1), one mole of
base reacted with one mole of acid. Therefore, at the equivalence point we
have the relation.
Moles of base added = moles of acid initially present
Moles of base added = molarity of base x volume of base added and,
therefore:
Moles of acid initially present = molarity of base x volume of base added (2)
http://wwwchem.csustan.edu/consumer/vinegar/analysis.htm (1999).
3) The density of vinegar
The density of vinegar was measured as described by Scann (1971).
The flacon (100 ml) was weighted then filled by ethanol, and weighted gain
the density of ethanol was calculated. The weight per volume of flacon.
Density = weight / volume

51

CHAPTER FOUR
RESULTS AND DISCUSSION
4.1. Physical analysis of nabag
The fruit was red brown in colour and globose. The data presented in
Table (4.1) showed some of the physical characteristics of nabag fruit. The
fruit net weight, volume and diameter were 0.7108 + 0.03g, 1.38+ 0.09cm3,
1.29 + 0.06cm, respectively.
The diameter of nabag fruit (1.29 cm) was relatively lower than the values
reported by both Vogt (1995) and Amanuel (1994) who reported values of 2
cm and 1.5cm, respectively.
4.2. Chemical composition of nabag pulp
As shown in Table (4.2) the pulp of nabag contained high amounts of
carbohydrates, protein, fiber, ash, moisture and lower value of oil.
The moisture content of nabag was found to be 6.6 ± 0.09%, this value
was slightly lower than that reported by Salih (1991) who found that
moisture content was 7.6%. While the ash content (3.0 ± 0.4 %) was lower
than that reported by Salih (1991) who reported a value of 5.2%. The protein
content of nabag was (7.0 ± 0.1 %) which was greater than that value
reported by Salih (1991) who found that protein content was 5.6%.
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Table (4.1): Physical properties of nabag
Parameters

Value (mean ± SE)

Fruit volume (cm3)

1.38 + 0.09

Fruit radius (cm)

1.29 + 0.06

Weight of single fruit (g)

0.7108 + 0.03
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The fat content of nabag fruit was (0.6 ± 0.1 %), this value was in close
agreement to that reported by Salih (1991). The fat content of nabag was
very low compare to other composition. The fiber content (4.0 + 0.7 %) was
similar to the value reported by Salih (1991) who found that the fiber content
of nabag was 4.1 %.
The carbohydrates content of nabag fruit which was (78.8%), was
slightly higher than that reported by Salih (1991) who found that
carbohydrate in nabag pulp was 76.9%. The amount of carbohydrate in
nabag was very high. The carbohydrates are very useful in vinegar
production, it must be converted by enzymic or acid hydrolysis to obtain a
readily fermentable source of hexose sugar. The variation in chemical and
physical properties of nabag depend on locality and other environmental
conditions. The mineral content of nabag fruit was also presented in Table
(4.2). The sodium content was found to be 0.01 g / 100 g which was similar
to the value (0.01 g /100 g) obtained by Younes et al.(1996) and Mahran et
al. (1996). While potassium content was 0.36 g /100g and this value was
lower than the value (1.91 g /100 g) reported by Younes et al.,(1996);
Mahran et al. (1996). As for calcium content, it was found to be 0.25 g
/100g. Which was slightly lower than the value (0.61 g /100 g), reported by
Younes et al, (1996) and Mahran et al. (1996).
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Nabag contents of different minerals calcium, phosphorus, sodium
potassium and other minerals were higher than those of apples and oranges
(Jawanda and Bal, 1978).
Minerals that are found in nabag fruit, are useful for vinegar production.
Potassium works together with sodium in controling the body’s water
balance, conduction of nerve impulses, contraction of muscles, maintenance
of a normal heart rhythm, and it is essential for the storage of carbohydrates
and its breakdown for energy (http://www.apple-cider-vinegar-benefits.
com/ apple-cider-vinegar-health-benefits.html, 2009).
A mineral found in vinegar is a vital catalyst in enzyme activity,
involved in the production of energy food. It assists in the uptake of calcium
and potassium and required for the formation of healthy bones and teeth
(http://www.apple-cider-vinegar-benefitis.com/apple-cider-vinegar-healthbenfits.html, 2009).
4.3. Ascorbic acid
The ascorbic acid in nabag fruit was found to be 36.28 mg/100g (Table
4.2). This value was higher than the value reported by both Younes et al.,
(1996) and Mahran et al. (1996) which was 30 mg/100 g. Ascorbic acid
(vitamin C) contributes to the nutritional value of fruits juices and is an
essential water –soluble vitamin. It also aids in the formation of liver bile
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which helps to detoxify alcohol and other substances. It had been reported
that ascorbic acid reduces the activity of the enzyme, aldose reductase which
helps to protect people from diabetes. It may also protect the body against
accumulation or retention of the toxic mineral lead. Ascorbic acid in nabag
fruits is found to be in amounts four times higher than citrus fruits.
Nabag fruit also has higher content of protein, vitamin A and vitamin C
than apples (Anonymous, 1986). Some vitamins, amino acids and
bioflavonoids found in nabag help to prevent cancer and protect the body
against damage caused by exposure to chemical toxins (http://www.applecider-vinegar-benefitis.com/apple-cider-vinegar-health-benfits.html, 2009).
4.4. Separation of sugars by thin layer chromatography (TLC)
Fig. (4.1) shows that nabag contain about 4 different sugars
compounds including sucrose, fructose, glucose and other unknown sugar.
The natural sugars converted to alcohol in the first stages of vinegar
production is called alcoholic fermentation. Whatever the raw material, it
must contain at least 8% of sugar and preferably more, for alcoholic
fermentation to occur. After alcoholic fermentation, the regulation indicated
that vinegar must contain at least 4g acetic acid per ml (Kofler and Hickey,
1954). Nabag fruit contain 21.8% starch, 17.4% glucose, 16% fructose, 9.6%
sucrose and other sugar Salih, (1991).
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Table (4.2): Chemical composition of nabag pulp (per 100 g fruit).
Parameters

Value

Moisture

(%)

6.6 + 0.09

Protein

(%)

7.0 + 0.1

Fat

(%)

0.6 + 0.1

Ash

(%)

3.0 + 0.4

Fiber

(%)

4.0 + 0.7

Carbohydrates (%)

78.8

Sodium

(g/100g)

0.012

Potassium

(g/100g)

0.36

Calcium

(g/100g)

Ascorbic acid (mg/100g)

0.25
36.28
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Fig. (4.1): Thin layer chromatography separation of sugar in nabag
extract
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4.5. Ethanol production
Ethanol was produced at the first step of vinegar production using
nabag fruit as a raw material. Table (4.3) shows the different characteristics
of the produced ethanol. The concentration, density and refractive index of
ethanol were 89%, 0.83799 g/ml at (32C) and 1.3630, respectively.
The density value was lower than the value 0.94908 g/ml at 300C reported
by Eltayeb, (2002), and greater than the value 0.807 g/ml reported by Gasm
Alla, (2008), and also greater than the standard density value which was
0.789 g/ml at 15C (San, 2000). The refractive index value 1.3630 was
lower than the value 1.3638 of the absolute ethanol.
4.6. Physical and chemical characteristics of vinegar
The volume of the produced vinegar was 833 ml/kg of nabag. Table
(4.4) shows some of physicochemical characteristics of the examined
vinegar after production. The vinegar had a density value of 0.93344 g/ml at
32C, concentration of acetic acid was 6.12 g/100 ml and had a pH value of
2.80. The concentration value of acetic acid in vinegar determined in the
present study was in close agreement to the standard value, and lower than
the value reported by the US. Food and Drug Administration. Code of
Federal Regulations available at:(http:// www. Fda.gov/org/compliance- ref/
cpg fod/cpg525-825.html. Accessed, March, 9.2006) which stated that
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vinegar product must contain a minimum of 4% acidity. Typical white
distilled vinegar is at least 4% acidity and not more than 7%. Cider and wine
vinegars are typically slightly more acidic with approximately 5-6% acidity
(http://www.versatile vinegar.org/ faqs. html, 2007)
Acetic acid in vinegar imparts the sour taste, it also possesses cleaning
and antiseptic or germ killing properties. Pure water has a pH of 7 and is
neutral whereas any thing with a pH less than 7 is a acidic and any thing
with a pH greater than 7 is basic. The pH of vinegar depends on the
concentration of acetic acid. Most commercial distilled white vinegars
contain 5% acetic acid and have a pH about 2.4. The pH value 2.8 was
greater than

the

pH value of trade vinegar which

was

2.42

(http://www.apple-cider-vinegar-benefitis. com/ apple-cider-vinegar-healthbenfits.html, 2009).
The density of vinegar was lower than both the standard value (0.96
g/ml) and the house hold vinegar used for cooking (1.05 g/ml)
(http://en,wikipedia. org/wiki/vinegar, 2009)
It was stated that density, or mass per unit volume for a typical
commercial vinegar with 5% acetic acid content, is about1.01g/ml
(http://www.apple-cider-vinegar-benefitis.com/apple-cider-vinegar-healthbenfits.html, 2009).
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Table (4.3): Physicochemical characteristics of ethanol resulting from
nabag fermentation.
Character

Value

Concentration

89%

Density

0.83799 at 32C g/ml

Refractive index

1.3630
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Table (4.4): Physicochemical characteristics of vinegar prepared from
nabag.
Character

Value

Concentration of acetic acid

6.12 g/100 ml

pH

2.80

Density

0.933448 g/ml at 32C
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CHAPTER FIVE
CONCLUSIONS AND RECOMMENDATIONS
5.1. Conclusions
Since nabag is used as traditional food in the Sudan, but nowdays
Sudanese people are not interested in nabag fruit so much with exception to
some people who enjoy eating nabag flesh as snack food especially the
children.
Beside this nabag price is very low in the Sudanese market. All these
factors motivated the researcher to use nabag in production of a valuable
product such as vinegar and hence improve its economical value.
Chemical analyses of nabag pulp revealed that, the carbohydrates was
high (78.8%), protein (7.0  0.1%), ash (3.0  0.4), moisture (6.0  0.09)
and fiber (4.0  0.7). Nabag fruit contained many important elements such as
Na, K, and Ca which were 0.012, 0.36 and 0.25 mg/100g, respectively. Also
nabag fruit contained vitamin C (36.28 mg/100 g).
The high sugar concentration found in the present study, is favouring
its use in the production of vinegar. The volume of vinegar prepared from
nabag fruit pulp was equivalent to 828 ml per kg of nabag.
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5.2. Recommendations


All the processes should be done under controlled conditions for
production of vinegar at a large – scale level.



Due to the high carbohydrate content, it is recommended to use nabag
fruit to produce vinegar.



Vinegar should not be packed in plastic containers for its acidic
properties which may lead to serious problems to the consumers.
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