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ABSTRACT

Vinegar from Hallawi dates was produced by alcoholic 
fermentation followed by acetic fermentation. The chemical 
composition of Hallawi dates was determined. The analysis 
showed that the Hallawi date contains 19.4 8% water, 1.40% 
ash, 1.81% protein, 75.44% dialyzable sugar, 77.2% total car
bohydrate, and 0.12% fat. In this study, it was found that 
Hallawi date contains two kinds of sterol; compesterol and 
sitosterol; and four kinds of fatty acids, palmitate, oleate, 
linoleate, linolenate. A paper chromatogram of dialyzable 
and hydrolyzable sugar showed two kinds of sugar, glucose and 
fructose. Date juice was extracted from dates and then was 
heated at a temperature of 80°C for 30 minutes. Nutrients 
were added and the pH of the juice was adjusted to four.
The mash was then innoculated with Saccharomyces cerevisiae 

ATCC #9763 held at a temperature of 25°C for fermentation 
process. During fermentation specific gravity, pH, and alco
hol percentage were measured. The fermented juice containing
11.3% alcohol was inoculated with Acetobacter pasteurianum 
ATCC 94 32. Vinegar containing 4.6% acetic acid and < 0.5% 
alcohol was obtained by fermentor.

The Orleans method was also used in manufacture of 
vinegar. The vinegar which was produced contained 4.17%

viii
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acetic acid and < 0.5 ethanol at 16 days. The vinegar had an 
acceptable acid taste, desirable fruity flavor, and a light- 
brown color.



INTRODUCTION

Since world population is increasing faster than the 
production of foods, the sources of food tend to become 
limited. This focuses attention on the importance of inves
tigating possible additional food sources. Since the price 
of dates in Saudi Arabia is very low, especially for the 
poorest quality dates, some of these are actually considered 
to be waste. It would be of interest to make other pro
cessed food products which utilize dates. One example may 
be the production of vinegar from dates.

According to Derosier (1977), vinegar may be pro
duced from the juice of most fruits such as apples, grapes, 
cherries, and pears. In the United States production of 
vinegar from apples is the most popular (Frazier and West- 
hoff, 1978). Vinegar offered for sale must contain at least 
4% acetic acid per 100 ml to be legal vinegar.

The consumption of vinegar in Saudi Arabia is very 
common and very high. It is also used in the manufacture 
of pickles, syrups, and salads, and with other kinds of 
foods. In Saudi Arabia, there are no factories for vinegar 
manufacture; most of the vinegar is imported from England.

Date palms are very important plants and have been 
known to mankind for more than 4,000 years (Uddin and 
Khalil, 1976). It is thought that they originated in Iraq,



and the Middle East and North Africa are considered the most 
important growing areas. Dates are used as a food constitu
ent by millions of people, particularly in Arabia, Persia, 
Egypt, and nearby countries. Iraq is presently one of the 
major date-producing countries, producing about 35% of the 
world's dates.

Dowson (19 68) reported that Saudi Arabia is probably 
the fourth greatest producer of dates in the world. The 
total number of palms is about 8 million in Saudi Arabia.
The production of dates in Saudi Arabia is about 240,000 
tons a year and the average price is half a riyal a kg. 
Therefore, the value of the annual Saudi crop would be SRls 
120,000,000, which is nearly $27,000,000. The market price 
of dates may be as high as SRls 3 a kg, or the equivalent 
of $0.67. At the other end of the scale, at the beginning 
of the season, at Qutif the poorest quality dates were sell
ing in baskets for SRls 4 for 32 kg gross, or $0.03 a kg. 
Perhaps the average market price of dates around the year 
is about SRI 0.5 a kg, which is about $0.11.

From the previous data, it is clear that dates in 
Saudi Arabia are a very inexpensive source of fermentable 
carbohydrates. It would be of economic interest to make 
products for the domestic market such as vinegar which 
would utilize dates.



LITERATURE REVIEW

Dates are the fruit of the Phoenix dactyliferae.

They are an important food in the human diet of several 
countries of the world such as Iraq, Egypt, Saudi Arabia, 
Iran, Tunisia, and Morocco.

The temperature requirement for proper ripening of 
most varieties is computed as the sum of daily mean tempera
tures above 20 °C for the time between May and October 31 in 
areas north of the equator (Abusida, 1979). This sum ought 
to be nqt less than 3,750 heat units or an average daily 
temperature of 29°C for the 6 months. At a minimum atmos
pheric temperature below 10°C, growth ceases. Normal growth 
takes place at a mean daily temperature of 20°C or above; 
nevertheless, date palms will withstand -12 °C and even lower 
temperatures for short periods of time.

The date palm matures its fruit only in a rainless 
land of intense and prolonged summer heat. Rain prevents 
fertilization of the flowers and maturation of the fruit. 
Palms must be supplied liberally with water at their roots 
if a yield of fruit is to be obtained (Dowson, 1921). The 
largest and the most important date area of date cultiva
tion in the world is Shat Al Arab in Iraq.

Saudi Arabia is about half in the temperate and 
half in the torrid zone; the climate is both tropical and
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subtropical. It is mostly very hot and dry, but along the 
coast the humidity is high and very oppressive during the 
warmer months. Annual rainfall is estimated to range from 
about 4 inches in the north to less than 1 inch in the Rub 
A1 Khali. The mountains in the west receive as much as 12 
inches annually in the southern part of the coastal range. 
In Table 1, climate data for critical periods at Dhahran, 
Saudi Arabia, are compared with Bahrein Island, Basra, Iraq 
Touggourt, Algeria; and Indio, California (Dowson and Aten, 
1962; Nixon, 1954).

Geography
The Kingdom of Saudi Arabia occupies about four- 

fifths of the Arabian Peninsula. This peninsula is the 
largest in the world. Its greatest length is about 1,20 0 
miles between lat 12°-32° N., and its breadth is about 700 
miles. Most of Saudi Arabia is a plateau, bordered on the 
west by a chain of mountains which parallels the Red Sea. 
The plateau averages about 4,000 feet high in the west.
The Rub A1 Khali in the south is about the size of the 
State of Texas and about four-fifths of it is covered by 
sand (Nixon, 1954).

Dates are grown on about 90% of the cultivated 
land in Saudi Arabia in combination with other crops which 
are of lesser importance. There are about 9 million date 
palms in Saudi Arabia. A1 Hasa is the most important



Table 1. Climatic data for critical periods at Dhahran, Saudi Arabia, compared 
with those of other important date-growing localities

Average Daily Air Temperature (°F) Rainfall (in.)
Number 
of Years 
Recorded

May-
October
Incl. July

Minimum
January

Number 
of Years 
Recorded

July- 
October 
Incl. Annual

Dhahran,
Saudi Arabia 12 104.2 109 52 12 0 2.1

Bahrein Island 12 93.7 97 56 12 0.01 2.9
Basra, Iraq 19 99.4 104.4 43.6 20 0.14 6.42
Touggourt,

Algeria 15 96.6 106.3 38.1 16 0.31 2.27
Indio,

California 25 99. 7 106.5 38.6 53 0.66 3.00
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district where dates are grown in all of Saudi Arabia. 
According to recent estimates, there are 27,000 acres of 
land under cultivation and 1,600,000 date palms in A1 Hasa.

Date seeds have been the subject of two research 
projects. Abusida (1979) used date seeds in the manufac
ture of a flavored beverage consisting of water, milled, 
pulverized date pits, cocoa powder, and sugar. Preparation
included grinding the seeds, retort heating at 121°C and 

25.12 kg/cm pressure for 10 minutes, and then adding cocoa
powder, sugar, and stabilizer. Homogenization at 90°C and

2pressure of 317-125 kg/cm was needed. The resulting bever
age was viscous and homogenous and had an acceptable flavor 
and light-brown color.

The second research project used ground date seeds 
in the manufacture of ice cream, but the final product had 
a slightly coarse texture which caused problems with 
acceptability (Mohammed, 1980).

Date Culture

Soil
The date palm grows and is salt tolerant in a 

variety of soils such as the rocky limy loam of Zorbatia 
or the desert sand. Water-logged soils and soils which 
are too dry are unfavorable, although palms will withstand 
both of these adverse conditions for many years.
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Miremadi (1970) mentioned that most of the date 

growing areas have a relatively heavy and saline soil with 
conductivities of 3 to 15 mmhos/cm. Furr and Armstrong 
(cited by Miremadi, 1970) found that below 24 mmhos/cm 
salinity does not affect palm leaves, date size, or tree 
yield.

It could be concluded that date palms will grow in 
almost any kind of soil, regardless of its fertility, alka
linity, or type. Albert (1925) reported that at Tempe, 
Arizona, the palms were growing in soil in which the water 
table had stood within 18 inches of the surface of the soil 
for a number of years. The ground was so encrusted with 
alkali salts that during the summer months, when the evap
oration from the soil was highest, the surface of the 
ground in the orchard was so salty that only a few of the 
alkali weeds could grow.

Tillage
The date palm will live and grow for 50 years 

without tillage, but it will not give a good crop unless 
the land about is cultivated (Dowson, 1921). The best 
tillage is given in the Shat A1 Arab district where every 
fourth year the land is dug with the Arab spade to a depth 
of about 4 feet.

Miremadi (1970) reported that usually the nutrients 
applied in date plantations were 20-30 kg of animal manure



per tree once every 1 or 2 years. In Algeria, organic 
fertilizers are applied (Rygg, 1941) by growing grass, 
grazing livestock, and allowing Bedouins to place their 
tents in the gardens so the manure will be applied to the 
soil. At the present time, the use of chemical fertilizers 
is constantly increasing.

The most important function of tillage is control 
of weeds (Schoonover, 1935). It is not necessary to have 
a weed-free farm and it is expensive to do so, but weeds 
should not be allowed to develop to the point where they 
are competitive with the palm for either moisture or 
nutrients. Another important function of tillage is to 
prepare the land for distribution of water. The last 
important function of tillage is to mix organic matter such 
as manure or cover crop with the surface soil. This mate
rial does not need to be mixed deeply but is more benefi
cial if it decays in contact with soil particles instead
of just on the surface.

Propagation
The date palm may be grown either from seed or 

from an offshoot. The seedling does not breed true and 
the dates usually are inferior to those of the parent 
(Dowson, 1921). Also, the sex may be different. Hence, 
commercial dates are not propagated by seed. The offshoot
appears on the trunk of the young palm near its base.
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below or at the surface of the soil in the axil of a dead 
leaf base. If it is not cut, it will become a full-grown 
palm where it stands.

Miremadi (1970) reported that date offshoots for 
planting are usually removed from the mother date palm 
after 5-7 years of growth. They weigh 15-12 0 kg and have
at least ten green leaves. For planting offshoots, two
planting methods are used. The first consists of placing
the offshoot into a hole 1 m deep and 1 m in diameter and 
filling in with a mixture of top soil and animal manure.
The second method is to make the planting hole at least 
2 m deep to facilitate the uptake of ground water. The 
second method provides better soil moisture and rainwater 
utilization and also results in better root development.
The yield from the second method is greater than that from 
the first method.

Most leaves are usually cut from the offshoot; the 
outer ones are removed and three to five in the center are 
cut back to 1 to 2 feet from the bud (Nixon, 1967). Off
shoots are protected from the sun and wind for the first 
season after planting by a cone of date leaf sections with 
the lower ends of the midribs anchored in a radius of 
about 1 foot from the offshoot. The tips are tied together 
just above the top of the offshoot. Newly planted off
shoots require small amounts of water at frequent inter
vals.
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The size of shoots at removal is different in many 

places. Dowson (1936) reported that in Basra, Iraq, the 
size of shoot preferred for planting is such that one man 
can just carry it. In Uman very small shoots are planted.
In Baghdad, the usual size is between that in Basra and 
that in Uman. The differences in the size of the shoots 
at planting in the three districts may be expected due to 
differences in the condition to which the newly planted 
shoots are subjected.

Spacing and Interplanting
Miremadi (1970) and Rygg (1941) reported that there 

are different methods for planting. In the older planting 
methods, where varieties like Khadrauy were used, plants 
were less than 8 m apart in the form of a square. Now most 
plantings are made at least 8 m apart. When citrus trees 
are interplanted with date palms, the palms are spaced 12 m 
apart, in the form of an equilateral triangle. With both 
types of spacing there is enough air movement among the 
trees to prevent humidity damage. Interplantings are made 
for economical reasons as well as for protecting crops.
In areas of high winds, good citrus yield is ensured by 
interplanting date palms as windbreaks. The palms shade 
the citrus and provide protection against frost and wind.

Smead (1974) reported that palms are usually 
planted in Pakistan as a double-row border around small
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plots of about half an acre in which wheat, rice, alfalfa, 
and vegetables are grown.

At Tempe, Arizona, the first planting was made 2 0 
feet apart each way and the later plantings 30 feet apart 
each way (Albert, 1925). Checks made on the palms in the 
various parts of the orchards showed that the palms 
planted 20 feet apart produced on an average of 25% less 
fruit than the palms planted 30 feet apart. In Iraq, 
palms are also planted 30 feet apart (Nixon, 1930), and 
because of the limited supply of water no other culturars 
are grown. After the water has subsided, the soil is 
plowed to conserve the moisture. Offshoots are set about 
2 feet below the soil surface in narrow holes and are 
watered by hand from wells for the first 3 years.

Irrigation
A date palm can live for a long time without being 

irrigated (Dowson, 1921; Rygg, 1941). For the maximum 
yield, the root of the palm must be supplied very plenti
fully with water, especially during the hotter part of the 
year. The date palm appears able to flourish not only 
under different conditions of soil but also when irrigated 
by very different types of water. Water is provided by 
tidal inundation, by gravitational flow, or by lift. If 
flow water is not available, the water must be lifted from 
the river or from wells. There are many ways to lift the
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water for irrigation. In the Middle East water is lifted 
in a leather bucket; this bucket is supported by a rope, 
tied at the upper end to a bar, which is supported by a 
horizontal pole resting on two upright poles, and is 
weighted at its free end with a lump of clay. The most 
effective implement of irrigation for a date garden is the 
centrifugal pump. These are very common in all famous 
date areas at the present time.

Miremadi (1970) reported that water in some date 
areas is obtained from permanent irrigation canals from 
local rivers. Thousands of pumping stations also supply 
water from rivers and wells. In some areas the underground 
water is so high that date palms obtain moisture directly. 
Surface irrigation or flooding is the best surface water
ing method, but a relatively large source of water is 
required.

Dowson (1925) mentioned that there are three 
methods of irrigation in Iraq. These are flow, lift, and 
tidal. Flow irrigation is used where rivers and canals 
are above the land level. Lift irrigation, used where 
canals are below the land level, requires the lifting of 
water to the higher level by machine, animal, or hand 
power. Tidal irrigation employs the action of the tides 
in the Persian Gulf, which backs up the waters in the 
river twice a day.
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Haas (1930) reported that the date palm is able to 

grow in soils containing 3% of alkali salts (30,000 parts 
per million) and irrigated with brackish water containing 
0.6% of alkalai salts (6,000 parts per million). Under 
such conditions growth is no doubt retarded. It is claimed 
that a certain amount of salt in the soil is beneficial to 
the growth of the date palm.

Hodgson (1932) reported that in the oases the 
palms are grown without irrigation; the water table is near 
enough to supply the roots. Under these conditions, both 
the yield and quality of the fruit are usually poor. In 
some of the oases, the content of the water reaches five 
to six thousand parts per million of soluble salts.

Fertilization
The date palm is dioecious, which means that the 

male and the female flowers are borne on different palms.
If the pollen from the male flowers do not reach the 
stigmae of the female flowers, the fruit will be small and 
stoneless. The value of these fruits will be minimal. To 
ensure that fertilization takes place the fellah (farmer) 
takes a sprig of the ripe male inflorescence and sets it 
firmly in the middle of that of the female (Nixon, 1967; 
Miremadi, 1970; Dowson, 1921). Both the male and the 
female inflorescences are enclosed in woody spathes, which 
split open before the flowers mature. It is the custom to
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cut the whole, unopened male spathe from the palm immedi
ately before ripening of the inflorescence, remove and 
leave it a day or two in a small basket to mature. In this 
way no pollen is wasted. If the fellah sees an unopened 
spathe among the female inflorescences, he splits it open 
and sticks the male sprig among its unripe flowers. If the 
male pollen is scarce or if there is a larger number of 
females to fertilize in a short time, the pollen is shaken 
out of the ripe male flowers and tied up in a bag of fine 
muslin. This bag is tied to the end of a stick. The 
fellah can quickly fertilize a large number of female 
inflorescences by dusting them with his bag. This pollina
tion is done by hand. If rains fall during pollination 
time, the process of dry pollination is employed. Dusting 
usually obtains a 100% effective pollination.

Harvesting and Packing 
For the main date crop, the fruit is left on the 

palm until most of the fruit is ripe, and then the bunches 
are cut. As a rule, all of the dates of one variety in a 
garden are cut before the cutting of those of another 
variety is. begun. Sometimes, however, in order to save 
labor, dates of several varieties are cut at the same 
time. The foremen climb the palm from which dates are to 
be harvested and cut off the branches. Most of the vari
eties of Tamar are not damaged by falling so the bunches
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are cut and thrown down to be picked up later. The dates 
are carried away from the palms and stacked in heaps in one 
part of the garden that is set aside for this purpose 
(Dowson, 1921; Rygg, 1941).

Sometimes the bunches are placed in wooden boxes 
or in baskets made from date palm leaflets (Miremadi,
1970). Dates for export are sent to packinghouses, and 
those for the home market are packed mostly in the field.
If post-harvest ripening is desired, the date bunches are 
hung in a separate room until they mature. Another proce
dure is to place the dates on mats or wooden boards and
dry them in the sun. The dry dates are packaged in paper
bags or paper sacks. The soft dates are pressed in
baskets.

In Pakistan, dates are picked when about half ripe 
and spread in the sun on mats in the growers* curing yards 
until they have reached the rutab (third) stage of ripen
ing. When the moisture content is low enough so that they 
will keep, the dates are pressed tightly into baskets. 
Usually one man pours the dates into the basket, while 
another compresses them with his feet (Smead, 1974).

Composition of Edible Part of Hallawi Dates
Table 2 indicates the composition of Hallawi dates 

in the ripened stage. The composition consists of water, 
ash, protein, fat, and carbohydrates. The percentage of



Table 2. Analysis of the edible part of Hallawi dates in the ripened 
stage (rutab)

Percentage

Dowson
(1962)

Constituent
Iraqi
Dates

Cleveland and Fellers 
(1932)

Iraqi Dates

Fattah
(1927)

Tropical
Date
Company

Government
Date
Garden

Water 19.0
Ash 2.2
Protein 
(N x 6.25) 1.7

Fat (ether extract) 1.9
Reducing sugar

or invert 73.5
Total carbohydrates 

other than crude 
fiber 73.7

Crude fiber 2.2
Sucrose None

19.0
2.22

1.72
1.9

73.50

73.67
2.17

None

21.6

72.62

72.88

0.25

19.9

73.52

73.67

0.15
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ash is high and is comparable to that of other dried fruit. 
The percentage of protein is low, about 1.7%. Hallawi dates 
contain little or no sucrose when fully mature. The per
centage of reduced sugars is high because all the sucrose 
has been converted to the reduced sugars, glucose, and 
fructose. This high concentration of sugar inhibits the 
growth of microorganisms. Fattah (1927) analyzed Hallawi 
dates from the Tropical Date Company and from the Government 
Date Garden in California and found very small compositional 
differences. The analyses of Hallawi dates by Cleveland 
and Fellers (1932) and by Dowson and Aten (1962) were the 
same. Table 2 indicates that the percentage of the reducing 
sugars is approximately the same in all varieties of dates. 
The table indicates that the reducing sugars comprise the 
major parts of Hallawi date composition. Utilizing this 
high level of reducing sugar through fermentation process 
should be useful from the economical standpoint in vinegar 
production.

Mineral Composition of Hallawi Dates
Minerals are very important requirements for the 

fermentation process. Ash is important for the growth of 
the yeast during fermentation and facilitates the produc
tion of alcohol.

Prescott and Dunn (1949) found that minerals such as 
magnesium, potassium, zinc, iron, cobalt, copper, anion of
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phosphorus, and sulfur are required for fermentation. Ade
quate amounts are supplied by most fruit.

Cleveland and Fellers (1932) found that the percen
tage of ash, approximately 2% in Hallawi dates, is two or 
three times as high as that of most of our foods which 
yield an alkaline ash. Most fresh fruits and many vegeta
bles have less than 1% ash. Other dried fruits such as 
prunes and raisins have a percentage of ash comparable to 
that of dates. According to their manner of use in the 
diet, dates are more in the class of fresh fruits than in 
that of dried fruits. Table 3 indicates that the largest 
proportion of ash is potash. Calcium, in which the great
est deficiency in the mineral nutrients of common food 
occurs, is also present in a considerable amount. Phos
phorus, sometimes deficient in common foods, is present to 
the extent of 7% to 10%. The alkalinity of ash is high 
because of the large proportion of potash.

Stages of Ripening and Their Effect 
on the Amount of Sugar in Dates

Dowson and Aten (1962) described the four stages of 
date ripening: kimri, khalaal, rutab, and tamar.

Kimri
The first stage of ripening is kimri. This stage 

is characterized by the clear, apple-green color at the
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Table 3. Mineral composition of the edible portion of 
dates. —  After Cleveland and Fellers (1932).

Hallawi Sayer
% %

Total ash, moisture-free basis 2.02 1.94
Alkalinity of asha 16.7 15.9
Composition of ash:

42.7 40.8

2.47 2.65

CaO 4.51 6.96
MgO 5.86 6.77

P2°5 9.50 7.47

Fa2°3 0.26 0.23

Al2°3 0.48 ---

CuO 0.015 0.014
Cl 13.33 6.64

S03 6.44 7.62

MnO 0.21 0.30
SiO» 7.01 7.242

aCe of N HC1 required to neutralize the ash from 100 grams 
of moisture-free edible portion.
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beginning of growth. The development of the date in the 
kimri stage takes place in two phases.

The first phase is characterized by a rapid increase 
in weight and volume, rapid accumulation of reducing sugars, 
highest acidity of any stage, and high moisture content.

The second phase is characterized by reduced rate 
of gain in weight and volume, reduced rate of accumulation 
of reducing sugar, reduced acidity, and high moisture con
tent.

Khalaal
The second stage of ripening, known as khalaal, is 

marked by the turning of the color of the skin from green 
to yellow or yellow spotted with red. In this stage, there 
are continued decreases in rate of gain in weight, a low 
rate of gain in sucrose, total sugar, and total solids, 
a continued decrease in acidity, and a decrease in moisture 
content.

Rutab
The third stage, known as rutab, is characterized 

by the date's becoming more or less translucent, the dark
ening of the skin from yellow or chrome to brown or black, 
and by the softening of the date. The softening is called 
the beginning of the ripening and the date is said to be 
ripe when the whole date becomes soft. This softness is
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due to the presence of invert sugar (Mohammed, 1980). The 
changing of the dissaccharide to monosaccharides is very 
clear and can be followed by an increase in the percentage 
of invert sugar and by a decrease in sucrose. The enzyme 
invertase is responsible for the conversion of sucrose to 
glucose and fructose. Table 4 shows the main changes in 
the composition of the California Barhi during development. 
It is clear that most of the sucrose is converted to 
reducing sugar in the rutab stage. This step is charac
terized by the high content of total reducing sugar and 
high acidity.

Tamar
The final stage in the ripening of dates is called 

tamar. The date has lost much of its water, which raises 
the sugar-to-water ratio high enough to prevent fermenta
tion. The texture of the flesh of dates is soft at the 
beginning of the stage and the color of the skin darkens 
with time. The soft dates in the tamar stage will keep in 
excellent condition for a year at ordinary temperatures if 
dates are tightly pressed and in fair condition. The 
flesh of the fully ripe (tamar) date consists of two-thirds 
sugar, a quarter water, and the remainder cellulose, pec
tins, ash, etc.

Fattah (1927) explained the stages of ripening for 
the Hallawi date (Table 5). In the first stage of ripening



Table 4. Main changes in the composition of the Californian Barhi during 
development. —  After Dowson and Aten, 1962.

Fresh 
Weight 
of Fruit
(g)

Fresh
Weight Dry Weight

Day of 
Sampling

Stage of 
Ripening

Water
(%)

Reducing
Sugars

(%)
Sucrose

(%)
Total
Sugars
(%)

23.5.39 Kimri 0.5 81 17 5 22
21.6 Kimri 5 86 43 5 48
2.8 Kimri 14 85 45 14 59
2.9 Khalaal 16 64 17 62 79

11.9 Tree-ripe
(rutab)

14 39 79 0.25 79

t v
t v



Table 5. Effect of stage of ripening on the composition of the Hallawi date.
—  Sugar and tannin in percent of dry weight; moisture in percent 
of fresh weight. From Fattah (1927, p. 12).

Maturity Moisture
Reducing
Sugar Sucrose

Total
Sugar Tannin

Green 52.5 22.20 6.26 28.78 0.5

Medium ripe 27.0 58.57 1.12 59.74 0.0

Ripe 21.6 72.62 0.25 72.88 0.0

tow
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of Hallawi dates (kimri), the percentage of water is very 
high and the percentage of sucrose is also high. As the- 
ripening process proceeds, the amount of the reducing sugar 
increases because all of the sucrose has been converted to 
reducing sugars. In the ripe stage (tamar), Hallawi dates 
contain the largest amount of reducing sugar and very 
little or no sucrose. Fermentation process in this stage 
will be very economical because the production of alcohol 
will be very high due to the high percentage of reducing 
sugar.

Principles of Vinegar Fermentation
Vinegar is a condiment prepared from sugar or 

starchy materials by alcoholic fermentation'followed by 
acetic fermentation. It consists primarily of a diluted 
solution of acetic acid in water, but also contains fla
voring, coloring, and extracted substances, fruit acids, 
esters, and inorganic salts. Acetic acid is the active 
ingredient of all vinegars. Vinegar may be produced from 
the juices of most fruits such as apples, grapes, cherries, 
and pears, but cider vinegar has always been the most 
popular in the American home. Vinegar offered for sale 
must contain at least 4 g acetic acid per 100 ml to be 
legal vinegar (Potter, 1973; Desrosier, 1977).

The manufacture of vinegar requires two fermenta
tion processes. The first converts the sugar into alcohol
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by yeast (alcoholic fermentation). The second changes the 
alcohol into acetic acid by vinegar bacteria (Frazier and 
Westoff, 1978).

Alcoholic Fermentation
The formation of alcohol from sugar is accomplished 

by alcohol-producing yeast such as Saccharomyces ell ipsodeus 

and Saccharomyces c e r e v i s i a e. The change which occurs is 
usually described by the following equation:

^ 6^12^6 + Saccharomyces ell ipso ideus = 202^^05 + 200^

Simple sugar + yeast = alcohol + carbon dioxide.
A favorable temperature of 23°C to 26°C should be 

maintained during fermentation. At a temperature of nearly 
270C, the fermentation becomes abnormal and ceases at about 
40°C. Alcoholic fermentation will occur naturally with the 
growth and activity of the yeast present in the cider.
After the alcoholic fermentation, the juice should be freed 
from the yeast and sediment by settling or filtering before 
beginning the acetic fermentation.

Strains of Saccharomyces cerevisiae convert only 
hexose sugar to ethanol and CO 2 • Sugar fermented by 
Saccharomyces cerevisiae include glucose, fructose, manose, 
galactose, sucrose, maltose, and raffinose (Peppier, 1967).

Wine yeast does not ferment lactose, pentose, dex
trine, or starch. Most wine yeast ferment glucose more
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rapidly than fructose when concentration of reducing sugars 
is 17%-20%, but between 20%-25% both sugars (glucose and 
fructose) are fermented at the same rate (Amerine et al., 
1972).

According to Prescott and Dunn (1949), a sugar 
concentration of 10%-18% is usually satisfactory. If the 
concentration is too high, it reacts adversely on the yeast 
or the alcohol produced may inhibit the action of the yeast. 
The use of too low a concentration of sugar is uneconomical.

Although molasses generally contains most of the 
nutrient substances required for fermentation, ammonium 
salts such as ammonium slfate or ammonium phosphate may 
be added to the mash to supply deficiencies in nitrogen or 
phosphorus. Fermentation proceeds satisfactorily if the 
mash has been adjusted to a pH of 4.0-4.5. This pH favors 
growth of the yeast. Sulfuric acid or lactic acid are 
commonly used to adjust the pH (Prescott and Dunn, 1949).

Acetic Fermentation
The formation of acetic acid results from oxida

tion of alcohol by vinegar bacteria in the presence of 
oxygen from the air (Desrosier, 1977). These bacteria 
require a supply of oxygen for their growth and activity.
The change which occurs is generally described by the 
following equation:
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C 2 H 1-OH + Acetobacter acetic = CH^COOH +

Alcohol + oxygen + vinegar bacteria = acetic acid + water.

Methods for Vinegar Production 
Vinegar production may be divided into the "slow" 

method such as home or Orleans (French) methods, and 
"quick" method such as the generator process.

Home Method
A fruit juice such as apple juice is allowed to 

undergo a spontaneous alcoholic fermentation by yeasts 
originally present in the juice. A barrel is filled with 
the fermented juice and left opened. Then the alcoholic 
solution is allowed to undergo an acetic acid fermentation 
carried out by the vinegar bacteria naturally present until 
vinegar is produced. A film of vinegar bacteria, called 
"mother of vinegar,” should grow on the surface of. the 
liquid and oxidize the alcohol to acetic acid. By using 
this method, the yield may be low because of the poor 
yield of alcohol during the yeast fermentation because of 
the absence of productive strains of vinegar resulting 
from the competitive growth of film yeasts and molds on 
the surface which destroy alcohol and acids and from the 
presence of undesirable bacteria in the liquid which pro
duce undesirable flavors. The process is very slow and 
the product is often of inferior quality.
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Orleans Method

The Orleans method, also called French method, is 
carried out in barrels. New, unpasteurized vinegar is 
added to the barrel to about a fourth to a third of the 
capacity, This vinegar serves to introduce an innocula- 
tion of active vinegar bacteria and to acidify the wine 
added as the alcoholic solution to inhibit competing micro
organisms. Approximately an equal amount of alcoholic 
solution is added to the barrel, leaving an air space. Air 
is admitted to the barrel through holes (Prescott and Dunn, 
1949). These holes usually are in each side of the barrel 
above the level of the vinegar, are at least 1 inch in diame
ter, and are protected by screening (Frazier and Westhoff, 
1978). Air is also admitted through the top. The bacteria 
growing in a film on top of the liquid carry out the oxida
tion of alcohol to acetic acid at about 210C-29°C for weeks 
of months. After part of the vinegar is formed, it is drawn 
off and replaced with an equal amount of alcoholic solution. 
Vinegar of high quality can be produced by this slow 
method. The acetic acid bacteria form a thin film on the 
surface of the solution; this film later becomes thick and 
gelatinous and contains very large numbers of bacteria.
This film, unless supported on a "raft," or framework, will 
sink to the bottom and a new film will form. If the film 
sinks, it fails to produce acetic acid under anaerobic 
conditions•
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Generator Method

This method is a very common method at the present 
time (Amerine et al., 1980; Peppier, 1967). The generator 
consists of a cylindrical tank and is usually made of wood. 
The inside of the tank is divided into three parts: an upper
section where the alcoholic liquid is introduced, the large 
middle secton containing beechwood shavings through which 
the liquid trickles, and the bottom section where the vine
gar collects. The alcoholic liquid introduced at the top 
through an automatic sprayer trickles down over the shav
ings, which have developed a slimy growth of acetic acid 
bacteria. Air enters through the bottom of the middle 
section and rises to be vented above. It is necessary to 
control the temperature so that it does not rise much above 
29°C-30°C. In starting a new generator, the slime of vine
gar must be established before vinegar can be made (Frazier 
and Westhoff, 1978). First, the middle section of the tank 
is filled with raw vinegar containing active vinegar bac
teria to innoculate the shavings with the desired bacteria, 
and this material is circulated through the generator.
Then an alcoholic liquid, acidified with vinegar, is 
slowly trickled through the generator to build up bacterial 
growth on the shavings. Some makers acidify all the alco
holic liquid before introducing it into the generator.
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Submerged Method

The third basic process of vinegar manufacture is 
the submerged method. This method is now coming into com
mercial use (Amerine et al., 1972). In this method, air in 
the form of very fine bubbles is passed through the fer
mented mash. Vinegar bacteria growing in the liquid conduct 
rapid acetification. The bacteria must be in contact with 
the air bubbles continuously, because the bacteria die 
rapidly if the air supply is cut off.

Other Methods
Some research has been done on the use of various 

kinds of vinegar fermentors. Masai et al. (1979) used a 
continuous vinegar fermentor which consisted of a pump to 
circulate vinegar mash and a static mixer to mix air with 
the liquid. When the acetic acid concentration of the mash 
reached a desirable level, the finished vinegar mash was 
continuously collected at a given rate while the fermentor 
is replenished with fresh mash at the same rate. Forty 
liters of vinegar mash (1.5% acetic acid) were circulated 
in the fermentor at 30°C and to this was added 10 liters 
of Acetobacter culture. The finished mash (4.9% acetic 
acid, 0.3% ethanol) was collected and fresh mash was added 
continuously.

Yoshitada et al. (1979) produced vinegar by using 
a new continuous vinegar fermentor (single-tank system).
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The fermentor allowed the alcohol to contact a film formed 
by Acetobacter cells on the surface of the medium. When 
the acetic acid concentration reached 4.5% the fermented 
medium was continuously removed from the system, being 
replaced with fresh medium at the same rate. By using the 
fermentor, fermented medium containing 4.5% acetic acid 
and 0.3% ethanol was produced at 34 1/h.



MATERIALS AND METHODS

Analysis of Hallawi Dates
The composition of Hallawi dates was determined and 

the methods for analysis were the following:

Moisture: The vacuum-oven method was used to
determine moisture in Hallawi dates. The oven was set at a
temperature of 50°C (Pomeranz and Meloan, 1971).

Ash: A muffle furnace (600°C) was used to deter
mine ash content of Hallawi dates (Osborne and Voogt,
1978).

Protein: Protein was determined by using the
Kjeldahl method (% N x 6.25). Sample was digested with a
catalyst and concentrated sulfuric acid. Nitrogen was
converted to ammonium sulfate. Ammonia liberated by the 
addition of excess alkali (45% NaOH) is distilled into a 
solution of boric acid and titrated with 0.099 N E^SO^ 
(Pomeranz and Meloan, 1971).

Lipids: Lipids were determined by the Folch (or
Bligh-Dyer) method (Kircher, 1980).

1. The weighed sample was first extracted with
methanol in a blender and filtrated. The residue
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was twice extracted with chloroform-methanol (2:1) 
and filtrated.
The combined filtrates were washed twice with 1% 
aqueous NaCl solution in a separatory funnel. (The 
insoluble residue was saved, dried, and weighed,) 
After adding the 1% NaCl solution, two phases 
appeared, the aqueous phase (discarded) and the 
chloroform phase.
The chloroform phase was dried with Na^SO^, fil
tered, evaporated in a tared flask, and dried in 
a vacuum (50°C).
The tared flask was weighed and the percent lipid 
in the sample was determined.
The lipid was saponified by adding 10 ml of ethanol 
(EtOH) and 2 ml 50% potassium hydroxyl (KOH). The 
sample was carefully heated over a steam bath, 
allowed to stand overnight, transferred to a separ
atory funnel (water was added), and extracted 
twice with ether.
After adding the ether, two phases appeared, the 
combined ether phase and the aqueous alkaline 
phase.
The combined ether phase was washed with water in 
a separatory funnel and two phases appeared, the 
ether phase (contains non-saponifiables) and the
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aqueous phase which was added to the aqueous alka
line phase.

9. The combined aqueous phases were acidified with 
concentrated HCl and the fatty acid was extracted 
by ether. The two ether phases of non-saponifiables 
and fatty acids were dried with Na 2 S0 ^, filtered, 
and evaporated in a tared flask. The two flasks and 
contents were dried in a vacuum oven (50°C) and 
weighed to determine the percentage of non- 
saponif iables and fatty acids in lipids.

10. The following fractions were derived for analysis 
by gas-liquid chromatography:
a. Fatty acid methyl ester (FAME): Fatty acid 

was mixed with 20-25 volumes of methanol con
taining 2% H^SO^ and left overnight. Water 
was added and the esters were extracted with 
ether in a separatory funnel. The ether phase 
was washed with water twice, dried with NagSO^, 
decanted, and evaporated.

b. Trimethyl silyl ether (NS-SIL); The non- 
saponif iables (alcohol) were reacted with
N,0-Bis (trimethyl silyl) acetamide (BSA) to 
form the trimethyl silyl ether for gas-liquid 
chromatography analysis.

c. Sugar: The dialysis method was used to deter
mine the dialyzable sugars in Hallawi dates.



The dialysis method was followed with the 
phenol-sulfuric acid test for determination of 
optical density by using the spectrophotometer 
(Kircher, 1980).

The procedure was as follows:
A weighed amount of Hallawi dates was introduced 
into a weighed piece of dialysis tubing and dis
tilled water was added into the tube to wet the 
sample.
The tubing was tied off and immersed in a beaker 
containing distilled water which was placed in a 
refrigerator for 8 days with occasional swirling 
to hasten equilibrium.
The volume of the water (sugar solution) outside 
the tube was measured and also the weight of the 
tube was measured to determine the volume of water 
inside the tube.
One ml of the sample of sugar solution was removed 
and diluted 400 times with distilled water, the 
phenol-sulfuric acid test was run (1 ml of diluted 
aqueous sugar solution + 1 ml 5% phenol + 5 ml 
concentrated E^SO^, and the optical density was 
measured by spectrophotometery.
The residual undiluted solution was concentrated 
to small volume for paper chromatography analysis
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to determine the kinds of the dialyzable sugar in 
Hallawi dates.

In this study, a sample of Hallawi dates was hydrol
yzed by using 72% sulfuric acid (to convert the polysacchar
ides to monosaccharids) and paper chromatography was run.

Ethanol Production 
In this study, date juice was extracted from Hallawi 

dates obtained from Munson's Tucson Date Company, Tucson, 
Arizona.

Preparation of Date Juice
The dates were completely cleaned by hand to remove 

the dust and foreign materials. The seeds were then sepa
rated from the dates by manual splitting. The dates were 
placed in sterile containers, and distilled water was 
added in the proportion of one part date to three parts 
water by weight. The mixture was heated at a temperature 
of 80°C for 30 minutes with continuous stirring. This 
temperature is high enough to kill all pathogenic and 
spoilage organisms and also to extract all the reducing 
sugars in the date.

The mixture was left to cool to room temperature 
and then was filtered through a piece of cheesecloth to 
separate the insoluble materials. The date juice was 
diluted to desirable proportions by adding distilled water.
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Procedure for Ethanol Production

Fermentation Apparatus. Fermentation was carried 
out in sterile flasks fitted with rubber stoppers contain
ing L-shaped pieces of glass tubing. The other end of the 
glass tubing was immersed in another flask containing 
water. This apparatus was designed to allow the carbon 
dioxide formed during fermentation to escape while main
taining anaerobic conditions.

Procedure. Date juice, prepared in the proportion 
of 1:3 (dateiwater) (22% total solids) was diluted with
distilled water. In this experiment, four samples were 
prepared with total solids concentration of 22, 18, 14, 
and 10. Total solids, specific gravity. Balling degree, 
pH, and total acidity (as acetic acid) were measured for 
the different concentrations of date juice. The total 
acidity (as acetic acid) was determined by titration with 
0.5 N alkali (NaOH) to the end point by indicator (pheno- 
thalein). The pH was measured by using a Beckman, pH 
ASAR-1 digital pH meter. The new Wineking triple scale 
hydrometer was used to measure the specific gravity and 
the Balling degree. Total solids were determined by the 
Kikuchi re f rac tome ter calibrated between 0% to 32% total 
solid, and the percentage of ethanol by gas-liquid 
chromatography.
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The nutrients required for the growth of the yeast 

were added as follows:

Nutrient Percent (W/V)
NH4SO4 0.1

0.1
MgS04* 7H20 0.05
Yeast extract 0.1

The acidity of the date juice was adjusted to 4
the optimum pH for growth of the yeast, by adding citric 
acid. The date juice was poured into sterile flasks of 
2-liter capacity and then inoculated with 4% (by volume) 
of Saccharomyces cerevisia ATCC #9763. The contents of the 
flasks were fermented at 250C, the optimum temperature for 
yeast growth. In order to know the changes during the 
fermentation period, a sample (60 ml) was taken every 24 
hours by a sterile pipette. Specific gravity (at 15°C), 
pH, alcohol percentage were measured by methods previously 
described.

glass column with a height of approximately 150 cm and a 
diameter of 10 cm and with a capacity of approximately 3 
liters. The column contained aspen wood shavings for the

Vinegar Production

Vinegar Fermentor
The vinegar fermentor (Figure 1) consisted of a
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Figure 1. Vinegar fermentor
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Incubation and growth of Ac e t o b a c t e r. The column was sup
ported by iron rods to prevent any movement or agitation 
of the acetic acid bacteria, which grow on the wood shav
ings. On the upper part of the column there was a rubber 
stopper with a number of openings, which were covered with 
cheesecloth to allow the inside air to escape. There was 
also an opening in the rubber stopper through which the 
fermented date juice could be poured into the column. A 
thermometer was inserted through the rubber stopper for 
measuring the temperature of the solution inside the column. 
The apparatus was provided with an aquarium pump from which 
a rubber tube extended to the bottom of the column where it 
was connected to an air stone. A heating tape, which sur
rounded the outside surface of the column, controlled the 
temperature to the optimum of 26°C for the A c e t o b a c t e r .
The bottom of the column was provided with a moveable valve 
to allow removal of the vinegar.

Procedures
In this experiment, two methods were used to pro

duce vinegar.

Vinegar Fermentor. In the first method, the vine
gar fer'mentor shown in Figure 1 was used. The temperature 
of the apparatus was adjusted to 26°C by the setting on 
the resistor heating tape, which was wrapped around the 
column. An aquarium pump was used to pump air inside the



column to create an aerobic condition for the growth of the 
vinegar bacteria on the wood shavings. After the concen
tration Of alcohol in the fermented date juice had reached
11.3% alcohol, the juice was left for 12-24 hours to allow 
the yeast and other solid materials to precipitate to the 
bottom of the container. The supernatant was decanted to 
another sterile flask and inoculated with 2% of an Aceto- 
bacter pasteurianus ATCC #9432 suspension. The solution 
was added to the fermentor through the funnel at the upper 
part of the column. Twelve hundred milliliters of the 
fermented date juice (0.42% acidity or acetic acid) were 
added to the vinegar fermentor and samples were taken for 
determination of acidity and alcohol content. The opening 
at the upper part of the column was covered with a piece 
of cheesecloth to prevent contamination and to allow the 
air from the pump to escape.

Orleans Method. The Orleans method was the second 
method used for the production of vinegar. This method is 
based on the addition of non-pasteurized and raw vinegar 
to the fermented date juice. A sample of vinegar culture 
was obtained from Scott Laboratories, Inc., Richmond, CA. 
The proportions of dry wine, vinegar mixture, and water in 
the mixture were 2:1:1.

A sterile Ehrlanmyer flask with a capacity of 3.5 
liters was supplied with air from an aquarium pump from
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which a plastic tube extended to the bottom of the glass 
container. An air stone was placed at the end of the 
plastic tube to distribute the air in different directions 
inside the container. Eight hundred milliliters of fer
mented date juice (12.5% alcohol), 4 00 ml water, and 400 ml 
vinegar culture were added to the sterile container, and 
the container with its contents Was incubated at a tempera
ture of 29.4°C.



RESULTS AND DISCUSSION

In this work, trials were made to make vinegar from 
Hallawi dates.

The analysis of Hallawi dates shows that they con
tain 19.48% water, 1.40% ash, 1.80% protein, 75.44% dialyz- 
able sugar, 77.2% total carbohydrate, and 0.12% fat (Table 
6). The non-saponifiables fraction of lipid usually con
tains sterol, carotein, wax, or triterpene. When the

Table 6. Composition of the,Hallawi date

Constituent Percentage

Water 19.48
Ash 1.40
Fat (chloroform-methanol extract) 0.12
Protein (% N x 6.25) 1.80
Dialyzable sugar 75.44
Total carbohydrates 77.2
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non-saponifiables were separated by gas-liquid chromatogra 
phy, four non-saponifiables components appeared (Figure 2) 
According to co-chromatography of standards, the peaks B 
and C were sterols (campesterol and sitosterol). The 
other two peaks (A and D) may be non-saponifiables compo
nents other than sterols. The same results were obtained 
when trimethyl silyl ether derivatives of campesterol and 
sitosterol were separated by gas-liquid chromatography 
(Figure 3).

S I T O S T E R O L

C A M P E S T E R O L

Figure 2. Gas chromatogram of non-saponifiables 
fraction of Hallawi dates
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These results indicate that Hallawi dates contain 

only two kinds of sterols, campesterol and sitosterol, and 
that the concentration of sitosterol is higher than that 
of campesterol.

Results shown in Figure 4 indicate that lipids from 
Hallawi dates contain four kinds of fatty acids: palmitic,
oleic, lineoleic and linolenic (16C: 0 , 18'C : 1, 18C: 2 , and 
18C s 3 ).

Paper chromatography of the dialyzable and hydroly
zable Hallawi date (Figure 5) reveals that Hallawi dates 
in the mature stage of ripening contain only glucose and 
fructose in the proportion of 1:1. These results are the 
same as the previous results obtained by Dowson and Aten 
(1962), who reported that the glucose and fructose in 
Hallawi dates are in equal molecular proportion.

The first step for vinegar production was the 
preparation of date juice from Hallawi dates. By using 
the proportion of 1:3 (date:water), a date juice containing 
22% total solids was obtained. Table 7 shows some char
acteristics of Hallawi date juice. In this work, samples 
(samples 1, 2,3, and 4) were prepared with four different 
concentrations of total solids (22%, 18%, 14%, and 10%, 
respectively). Specific gravity. Balling degree, pH, and 
acidity were measured for the four different samples.
Table 7 shows the relationship between total solids and
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PALM I TATE 
(Cl 6:0)

OLEATE 
(C18 :1) LINOLEATE 

(Cl 8:2)

LINOLENATE 
(C18:3)

Figure 4. Gas chromatogram of fatty acid 
methyl esters of Hallawi dates
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the specific gravity. Balling degree, pH, and acidity. As 
the concentration of the total solids decreases, the spe
cific gravity. Balling degree, and acidity also decrease, 
but the pH increases. Because the specific gravity for the 
pure water is 1 and the pH is 7, the changes in pH, specific 
gravity, acidity, and Balling degree for the four samples 
must be due to changes in concentration of the sugars and 
organic acids. Results shown in Table 7 indicate that the 
initial pH of the Hallawi date juice is high;, it was neces
sary to adjust it to the optimum pH for the growth of the

Table 7. Some characteristics of Hallawi date juice in 
the different concentrations of total solids

Sample
Total
Solids

pH
Specific
Gravity

Total 
(%, as 

Balling acetic 
Degree acid)

1
2

3
4

22
18
14
10

5.64 
5. 67 
5.68 
5. 73

1.09 6 
1.089 
1. 062 
1.047

23.6
22.0
15.5
12.0

0.18 
0.12 
0.09 
0.06
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yeast during fermentation. Prescott and Dunn (1949) found 
that fermentation proceeds satisfactorily when the pH of 
the mash has been adjusted to a pH of 4.0 to 4.5, which is 
a favorable pH for the yeast growth.

The alcohol production related to the total solids 
content is presented in Table 8. The data in this table 
indicate that the initial specific gravity of the four 
samples varied. The specific gravity decreased as the con
centration of the total solids decreased. The specific 
gravity of the date juice also decreased as the fermentation 
process proceeded due to the utilization of sugars and the 
production of alcohol. The date juice containing 22% total 
solids gives the highest alcohol production (12.6%) and that 
containing 10% total solids gives the lowest alcohol produc
tion (7.5%) for the four tested samples. When the remain
ing sugars in the fermented date juice were measured, the 
highest percentage of reducing sugars remaining after the 
fermentation stopped resulted from the 22% total solids 
date juice, and the lowest percentage of reducing sugars 
was obtained from 10% total solids. The higher the total 
solids concentration in the solution, the more time 
required for fermentation.

The production of alcohol is not the same during 
each day of the fermentation period. The changes in 
alcohol production during fermentation are indicated on



Table 8. Fermentation of date juice by Saccharomyces cerevisiae ATGC #9763

Sample
Number

Total
Solids
(%)

Specific
Gravity
before
Fermentation

Specific
Gravity
after
Fermentation

Time
(days)

Alcohol 
Production 
(%, by 
volume)

% Reducing 
Sugars 
in the 
Fermented 
Date Juice

1 22 1.096 1.001 8 12.6 1.50
2 18 1.089 * 1.000 7 11.2 0.75
3 14 1.062 1.000 7 9.1 0.50
4 10 1.047 0.990 6 7.5 0.25
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Table 9. Generally the rate of alcohol production in all 
four samples was very rapid during the first 2 days of 
fermentation. Production of alcohol then decreased and 
was least rapid during the last days of the fermentation 
period. The rate of alcohol production was affected by 
the amount of the reducing sugars, the alcohol produced, 
and the activity of the yeast. In the first days of fer
mentation the concentration of sugars was very high, the 
activity of the yeast was also high, and alcohol production 
was rapid. During the last 2 days of fermentation, alcohol 
production was slowed because of the small amount of , 
remaining sugars.

The pH of Hallawi date juice is approximately 5.6. 
This pH is considered high and not favorable for the yeast 
growth. Prescott and Dunn (1949) reported that the optimum 
pH for yeast growth is about 4-4.5. Amerine et al. (1972) 
found that acids are important in maintaining the pH low 
enough to inhibit the growth of many undesirable bacteria 
during fermentation. If the pH is very low (< 3), fermen
tation is reduced.

Data from Table 10 indicate that the pH of date 
juice during fermentation is not static. The originally 
adjusted pH (4.0) changed continuously. The pH of the date 
juice decreased steadily during the first 48 hours of fer
mentation. Afterward, the pH values remained approximately



Table 9„ Alcohol concentrations during fermentation by Saccharomyces
cerevisiae ATCC #9763

Sample

Percent Alcohol (by volume)

0 Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8

1 0 2.7 4.6 5.9 7.6 9.1 <3* O 
1 

'—* 11.7 12.6
2 0 2.8 5.1 6.2 7.6 9.3 10.5 11.2
3 0 2.0 3. 6 4.6 5.9 7.3 . 8.5 9.1
4 0 1.8 3.3 4.5 5.3 6.7 7.5

uiU)



Table 10. pH values during fermentation by Saccharomyces cerevisiae
ATCC #9763

Sample
pH of
Date
Juice

pH during Fermentation

Day 0a Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8

1 5.64 4.0 3.93 3.85 3.88 3.83 3.82 3.83 3.84 3.81
2 5.67 4.0 3.96 3.72 3.77 3.71 3.71 3.70 3.70
3 5. 68 4.0 3.72 ' 3.58 3.63 3.57 3.56 3.55 3.55
4 5.73 4.0 3.76 3.54 3.58 3.51 3.51 3.51 3.50

a. . Adjusted pH values.
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at the same level during the final period of the fermenta
tion process. Peppier (1967) found that pH drops during 
fermentation for one or two reasons:

1. When nitrogen is supplied as an ammonium salt, the 
utilization of ammonia leaves free acid in the 
medium.

2. Many organisms, even under the best of conditions, 
produce partially metabolized compounds such as 
lactic or pyruvic acid while growing in the 
presence of excess sugar.

The changes in the specific gravity during fermen
tation by Saccharomyces cerevisdae ATCC #9763 are shown in 
Table 11. As the fermentation process proceeds, the spe
cific gravity decreases. That is because the specific 
gravity during fermentation is affected by both the amount 
of the reducing sugars and the alcohol which has been pro
duced. As the fermentation proceeds, the amount of 
reducing sugars decreases and the amount of alcohol 
increases. As a result, the specific gravity decreases.
In Sample 4, the specific gravity at the seventh day 
reached 0.990 because most of the sugars were converted 
to alcohol.

In this study, vinegar was produced by using a 
vinegar fermentor designed in this laboratory (Figure 1). 
The acidity of the fermented date juice added at the



Table 11 * Specific gravity during fermentation by Saccharomyces
cerevisiae ATCC #9763

Sample

Specific Gravity

0 Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8

1 1.096 1.096 1.057 1.051 1.038 1.027 1.019 1.009 1.001
2 1. 089 1.064 1.047 1.0395 1.029 1.015 1.007 1.000
3 1.062 1.051 1.039 1.032 1.023 1.011 1.005 1.000
4 1.047 1.040 1.031 1.021 1.015 1.003 0.990

Ln(Ti
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beginning of oxidation process was 0.42%. On the fifth 
day of oxidation, the acidity of the vinegar was 4.05%, 
expressed as acetic acid (Table 12). On the same day (Day 
5), 500 ml of vinegar were withdrawn and 550 ml of new 
fermented date juice were added. On the sixth day the 
acidity of the vinegar reached its peak (4.59% as acetic 
acid) and the alcohol content was < 0.5%. This indicates 
a rapid formation of acetic acid. Starting from the 
seventh day, the acidity continuously decreased.

The decrease in the acidity of the vinegar after it 
reaches its peak could be due to the utilization of acetic 
acid by the vinegar bacteria as well as other, bacteria as 
an energy source in the absence of alcohol. This caused a 
rapid decrease in the total acidity in the presence of air 
(Desrosier, 1977). Because the acetic acid peak was 
reached on the sixth day, this day was thought to be the 
end of the oxidation period. At this point, further oxida
tion would stop if new fermented date juice were not 
added.

Production of vinegar by the Orleans method is 
normally very easy but the process is very slow. There
fore, the container was supplied with an aquarium pump 
from which a rubber tube extended to the bottom of the 
container where a air stone was placed. The function of 
the air stone was to distribute the air coming from the



Table 12. Production of vinegar by the fermentor
5 8

Time
(days)

Fermented Date 
Juice Added

Acidity 
(%, as 
acetic 

Amount acid)

Acidity 
of Vinegar 
(%, as 
acetic 
acid)

Vinegar
Removed
(ml)

0
4
5
5
6
7
8 
9

10
11
12

1,200 0.42 0.42 
3.78 
4. 05 
2.13 
4. 59
4.50 
4.23
3.51 
2.55 
1.89
.99

500

Alcohol 
(%, by 
volume)

11.3
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pump to different directions to assist the growth of the 
vinegar bacteria because these bacteria need oxygen for 
growth (to accelerate oxidation process). Data obtained 
by applying this method in which Saccharomyces cerevisiae 

ATCC #9763 was used to produce the fermented date juice 
containing 12.5% ethanol and 0.30% acidity are shown in 
Table 13. The vinegar produced by the Orleans method con
tained 4.17% acetic acid'and less than 0.5 ethanol at 16 
days.

Production of vinegar from Hallawi dates may be very 
economically important, especially if it is compared with 
production of vinegar from other products such as apples 
and grapes. The important economical point for Hallawi 
dates is the high percentage of sugars (72% glucose and 
fructose) in the mature date. Amerine et al. (1972) found 
that apples contain 11.2% total sugar and grapes contain 
about 20% sugars (glucose and fructose) in the mature" 
stage. To produce vinegar from Hallawi dates containing 
the same amount of acidity as that from grapes 'and apples, 
less than a third of the amount of raw fruit is necessary. 
Dates may be diluted three times more than grapes or 
apples to produce vinegar containing the same amount of 
acetic acid.

Several possibilities exist in the proposed com
mercial application for the production of vinegar from



Table 13o Production of vinegar by the Orleans (French) method
Acidity of Alcohol
Fermented in the Oxida

Type of Yeast Date Juice Alcohol Temper Acetic Vinegar tion
Used in (%, as (%# by ature Acid (%, by Time'
Fermentation acetic acid) volume) (°C) (%) volume) (days)

Saccharomyces 0.30 12.5 800 ml fer 29.4 4.17 < 0.5 16
cerevisiae mented date

ATCC #9763 juice + 400 
ml water + 
400 ml 
vinegar 
culture

o>
o
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dates. A flow sheet for the production is shown in Figure 
6. The residue collected from the centrifuged date juice 
and ethanol could be used as a supplementary feed for 
dairy cattle because this insoluble residue is very rich 
in nutrients. If the dairy operations are relatively 
close to the vinegar plant, the whey, the liquid by-product 
of cheese manufacture, would be available at little or no 
cost. One possible use of this whey, which is usually 
considered a waste, would be as a source of nitrogen for 
the yeast during fermentation in the manufacture of vine
gar.

Lampert (1975) reported that condensed whey (55.5% 
water) contains 8% protein. To condense the whey would be 
uneconomical in this use because the normal whey, which, 
contains 0.8% protein (Lampert, 1975), could be utilized 
during preparation of the date juice and should provide 
sufficient nitrogen for the growth of the yeast during 
fermentation, thus avoiding the expense of adding ammonium 
salts to the mixture.

At present, dairying is an emerging industry in 
Saudi Arabia and whey disposal is not yet a problem. The 
combination of these two industries by utilizing, the whey 
in the production of vinegar and the yeast by-product from 
the manufacture of vinegar in the dairy industry would be 
especially advantageous and economical. The yeast
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by-product may also be used in the production of or in 
combination with human foods.

It would also be expected that a small amount of 
the vinegar produced by previous fermentations would be 
used to adjust the acidity of the date juice prior to 
fermentation and that previous cultures be reused for 
inoculation.



CONCLUSION

This study of the production of vinegar from 
Hallawi dates leads to the conclusion that ripened dates 
may be ah economical source of fermentable carbyhydrates 
on a commercial level for the manufacture of vinegar in 
date-producing countries.

This is due to the following reasons:
1. The Hallawi date is composed mainly of reducing 

sugars (73%). Utilization of this high level of 
reducing sugars (glucose and fructose) through 
the fermentation process and the subsequent oxi
dation produced an acceptable vinegar of 4.5% 
acetic acid by two different methods.

2. Saudi Arabia is the fourth greatest producer of 
dates in the world with a production of about 
24 0,000 tons a year with the average price of 
SRls 0.5 a kg (about $0.11).' i ' '

3. There are no factories for vinegar manufacture in 
Saudi Arabia; all the vinegar, which is used 
extensively, is imported from England.

From the previous items, manufacture of vinegar 
from the Hallawi date is a useful project, especially from 
the economical standpoint.



Also, from this study, it was observed that the 
Orleans method may be the best method to use in the manu
facture of a limited amount of vinegar such as production 
of vinegar for home use; the method is simple and does not 
require a lot of ingredients or equipment.

For commercial production of vinegar from Hallawi 
dates in Saudi Arabia, a continuous process such as those 
described previously will be particularly advantageous. 
Also, to manufacture vinegar commercially in Saudi Arabia 
may require a permit from the government, because the 
production of ethanol, an intermediate step, is forbidden.
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