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Dates is a commonly eaten fruit in many Middle East and North African countries. Chemical
analysis of this fruit by previous workers showed that it is rich in carbohydrates, proteins,

amino acids and minerals. The acid-base changes, which occur when dates is metabolized by
mixed oral bacteria was investigated. The results showed that despite the presence of nitrogenous
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substances in dates, a profound acidogenic responses was obtianed with the different types
of the fruit and at different ripening stages. A variety of organic acids, which included
lactic acid, acetic acid and propionic acid, were produced during this process.

Introduction

Because of the primary role of sucrose and other
monosaccharides (glucose and fructose) in the
initiation and progression of dental caries, sugars
have been extensively studied for their effects on
the production of organic acids and acidic pH by
the mixed microbial flora in the dental plaque and
saliva."® It has been amply demonstrated that
rinsing, with a glucose or sucrose solution, results
in a rapid decrease in the plaque pH followed by a
slow return to the starting level." This response to
sugar challenge (Stephan’s curve) has been related
to the level of caries activity.®

in most of the Middle East countries, dates is a
staple food for the population in the past. History
reveals that many desert dwellers, both in Africa and
Asia, used to live for months on dates and milk
alone. Eating dates is said to prevent hunger and
thirst for several hours in spite of a successive and
stressful workload. Dates was not used as a food
item only, but has also been recommended for the
management of other conditions such as bone
fracture, parturition, pregnancy, lactation and
convalescence.” Dates has also been shown to be
rich in carbohydrates, minerals, proteins and
vitamins.®? Chemical analysis shows that “dates”
contain about 80% carbohydrates, most of which
are fermentable sugars, fructose, glucose and
sucrose.'® Therefore, consumption of this fruit
should produce a net pH change which is
dependent on the amount of acid production from
the carbohydrate component and base production
from the nitrogenous components of the fruit.

The objectives of this study were to analyze the
occurrence of pH changes during metabolism of date
fruits by mixed oral bacteria, to examine the effect
of saliva on the pH profiles, to compare the pH
profiles of different types of the fruit, to compare
the pH profiles at different ripening stages of the
fruit, and to determine the type of acids being
produced during the metabolic processes.

Methods and Materials

Preparation of the Date Fruits:
The date fruits were purchased at the local
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market in Riyadh. The seeds were removed and the
fruit was grounded to a pulp with the aid of a
commercially available blender. A 15% stock
solution of the various types was then prepared
with deionized distilled water. In one of the
experiments, the prepared solution was
centrifuged at 10,000 g for 15 minutes. This
resulted in a 3-layer suspension. The topmost layer
and the middle were carefully decanted separately
and used in the appropriate experiment designed
to grossly examine the glycolytic effect of the
content of the fruit's different layers. Fresh stock
solutions of the dates were prepared on the date
of the experiment and were stored at room
temperature before use.

Preparation of Salivary Sediment:

Salivary sediment was used for this study as it
represents a very convenient method of obtaining
mixed oral flora.”" Wax stimulated whole saliva
was collected into a test tube from subjects who
had avoided all forms of oral hygiene for 24 hours
and had not eaten for 8-10 hours prior to
collection. The samples were pooled and
centrifuged at 10,000 g for 15 minutes at 4°C. The
supernatant was decanted and stored at 4°C until
required which was usually within 1 hour. The
salivary sediment was washed 2 times by re-
suspending in distilled water and re-centrifugating
at 1,740 g for 15 minutes each. A final stock
concentration of 50% (v/v) of the sediment was
prepared by adding equal volume of distilled water
to the measured volume of the sediment.” Fresh
salivary sediment was prepared on the day of each
experiment.

Final Incubation Concentrations and pH
Monitoring Procedure:

Five experiments were carried out to determine the
pH changes during metabolism of the dates. In
each of these experiments, the final incubation
concentration of various components in the
suspended salivary sediment (SSS) system were
the: (1) suspended salivary sediment (16.7%), (2)
glucose or sucrose (positive control - 5%), (3)
different varieties of dates (5%), (4) salivary
supernatant (33.3%), and (4) water (negative
control).
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The first experiment compared the acidogenic
potential of dates with glucose and sucrose; the
second experiment compared the dates’ pH
changes during metabolism at different centrifuge
fractions; the third experiment compared the pH
changes of dates in the presence or absence of
salivary supernatant; the fourth experiment was on
the comparison of pH changes obtained from the
dates’ different ripening stages (Khalal and rutab
stages), while the final experiment was designed
to evaluate the type of acids being produced from
the fruit by oral bacteria.

The initial pH of the mixtures at the start of
each experiment was adjusted to pH 7 with either
1M NaOH or 1M HCI. Each experiment was done
in duplicate and incubated in a water bath at 37°C.
The pH changes were then monitored with a pH
meter every 5 minutes for 15 minutes then at 30,
60, 90 and 120 minutes, respectively. The mean pH
at each time interval was plotted against time to
obtain the pH profile for each experiment. For the
acid profile, 100ulL aliquot in duplicate were
removed from the mixtures, at 15, 30, and 60
minutes. These were analyzed for different types
of acid with the aid of a Varian Gas
Chromatograph* which is equipped with a dual
flame ionization detector (FID) attached to a
Varian linear recorder. The column used was a
stainless steel column 2" x 1/8", 15% FFAP on
Chromosorb**. This was conditioned and operated
at 155°C isothermal detector and injector
temperature of 250°C. The carrier gas was pure
nitrogen at a flow rate of 30 ml per minute." The
chart speed was set at 1 cm per minute 1 while
the attenuation was 10° x 16. All the samples and
standards were prepared in acetone BP (56 *
0.50°C) before analysis.

Results

Figure 1 shows the pH profiles of different
types of dates during metabolism by mixed oral
bacteria. All fruit types tested produced a
significant acidic pH profile comparable to
glucose. In the first 15 minutes of the incubations,
however, glucose and sucrose produced greater
acidic response than any of the fruits. No rise in
pH was evident during the period of monitoring.

Figure 2 shows the pH profiles obtained when

* Model 3720, Varian, USA.
** Chromosorb WAW 80/100, Varian, USA.
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the different centrifuged fractions of the dates
were incubated with oral bacteria. The topmost
layer produced the greatest acidic response while
the middle layer produced the least in comparison
with the uncentrifuged solution.

The effect of different stages of ripening of the
fruits on its acidogenic potential is shown in Figure
3. In the initial stages, the more ripened stage
(Rutab) produced a gdreater pH decrease than the
less ripened stage (Khalal). However, by the end of
the monitoring period, the difference was minimal.

The result of the acid analysis showed that a
variety of acids were being produced during the
metabolic processes [Fig. 4], These acids include.
lactic acid, acetic acid, propionic acid and,
occasionally, some minute quantities of formic
acid. Lactic acid and acetic acid were the two
major acids produced during the process. The
results also showed a greater accumulation of
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Figure 1. pH profiles produced by different types of dates
during metabolism by mixed oral bacteria.
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Figure 2. pH profiles produced by different centrifuged
fractions of the date fruits during metabolism by mixed oral
bacteria.
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acetic acid with time compared to lactic acid.

The effect of saliva supernatant is shown in
Figure 5. The presence of supernatant not only
created a reduction in the acidic response but at
60 minutes preoduced a slight pH rise which
continued till the end of the monitoring period.

Discussion

In this investigation, the various comparisons
made on the different varieties of dates showed
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Figure 3. pH profiles produced by date fruits at different
ripening stages.
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acidogenic potential similar to glucose and
sucrose. This, therefore, confirms that the
different types of sugar in dates are easily
metabolized by the oral flora. The results also
show that these fermentable sugars are present
in enough concentration at different ripening
stages of the fruit to produce rapid pH fall when
supplied to the oral bacteria.

When saliva supernatant was added to the
incubation mixture, there was a reduction in the
pH fall and a slight rise at the latter part of the
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Figure 5. Effect of saliva supernatant on the pH profiles
produced by date fruits during metabolism by mixed oral
bacteria.
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Figure 4. Types and amounts of different organic acids
produced during metabolism of the date fruits by mixed oral
bacteria.
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incubation period. This response confirms earlier
observations that saliva is capable not only of
buffering the acid being produced during glycolysis
as evident by the reduction in pH but also of raising
the pH of the system.™ This rise in pH is due
primarily to the production of ammonia from urea
and other amino acids notably arginine, present in
saliva by the oral bacteria.” The buffering capacity
of saliva has been shown to be dependent mainly
on (a) its bicarbonate content which increases with
increase in salivary flow rate and at acidic pH and
(b) partly on the presence in saliva of a complex
substance “precipitin” (Calcium-phosphate-
carbohydrate protein complex).'®

The minimum pH observed when dates are
metabolized in vivo therefore would be influenced
by such factors as saliva flow rate and oral clearance
of the fruit. While the two different ripening stages
were shown to provoke similar acidogenic
responses, the texture of the fruits at different
types may play a role in determining how long the
pH would remain low. It is opined that the crispy
ripened type would be capable of stimulating more
saliva than the very soft and sticky type and
therefore would clear faster from the oral cavity.
This would enhance a rapid return to baseline pH
value.

Other non-carbohydrate components in the
date fruits especially the various amino acids such
as glutamic acid and aspartic acid, proteins and fats
seemed unable to exert any effect on the pH
changes observed. This may either be due to the
fact that (a) they are not being metabolized in the
presence of excess carbohydrates or that (b) they
are in such small quantities that the base
production was too small to counteract the level
of acid being produced. Further investigation is
required to evaluate whether by increasing the level
of these non-carbohydrate components especially
the amino acids and peptides the pH profile during
metabolism of the fruits would be modified.

The acid analysis shows that both acetic and
lactic acid are the prominent acids being produced
during the metabolic processes. The fact that with
time the proportion of the acetic acid continued to
rise while the lactic acid was falling suggests that the
lactic acid was being converted to acetic acid. The
situation, however, would be expected in intraoral
areas where clearance of substances is delayed due
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to poor access to salivary action. These sites would
include the interproximal areas. However, for easily
accessible areas of the teeth, clearance would be
faster and therefore, less time would be available
for the conversion of lactic acid to acetic acid. All
these aspects, however, warrant further in vivo
investigation.
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