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Summary

The current study was conducted to find the variation in blood pressure, sensitivity of tasting
PTC and table salt between a sample of pregnant and non-pregnant women (150 individuals
each). A stepwise dilution method (13 concentrations) was used to measure the taste
sensitivity of PTC, while three gradient concentrations were used to measure the sensitivity
of taste of table salt (0.25, 0.5, 1 and 2%). The study found an increase in PTC taste
sensitivity among pregnant women, as the critical threshold for taste reached 8 compared to
non-pregnant women, which reached 6. With regard to the taste of table salt, it was noted that
there was a lack of sensitivity to its taste among pregnant women. As it was noticed that the
critical limit for salt taste increased, which reached a concentration of (2%) in the first and
second periods. The percentage among pregnant women reached (40%) while returning to the
normal state (salt concentration 0.5) in the third and last period compared to non-pregnant
women. As for pressure, fluctuation was observed during pregnancy in general and in the first
period of pregnancy in particular. The level of decline increased exponentially with the
increase in the period of pregnancy. The percentage of pregnant women with high systolic
pressure only was 20%, more than non-pregnant women (10%). In general, the percentage of
decline among pregnant women in diastolic and systolic pressure together was 54%
compared with 36% of non-pregnant women.
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Introduction

There are major types of taste among people, salt, sweet, sour, sweet, sour, and bitter, in
addition to two other types, the umami (protein and amino acid taste), and the taste of fatty
acid. Taste affects human life through its effect on the nutritional behavior of individuals,
diseases, or weight gain (Vignini et al., 2019; Tepper & Barbarossa, 2020). The taste of bitter
substances acquires special importance in human life as a means of survival by warning the
human being to avoid eating toxic substances which are usually bitter. Any defect in this
sense may lead to serious consequences for health (Calvo & Egan 2015; Tepper &
Barbarossa 2020).

The ability to taste the bitterness of PTC is genetically based, despite its apparent simplicity,
which is characterized by a great variation among individuals and societies (Ayied et al.,
2014; Risso et al., 2016). It also has associations with many diseases (Li et al., 1990; Ali et
al., 1994; Lee & Cohen 2014; Igbeneghu et al., 2019; Mohaus, 2019) and obesity (Akella et
al 1998; Tepper et al., 2014; Turner et al., 2018). With the variation in human’s nutrition
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behavior in health and disease (Tepper & Barbarossa 2020) among adult individuals and even
among infants (Cont et al. 2019). Bitter substances can also play a role in contrasting the
immune response between individuals (Grassin- Delyle et al., 2019). PTC tasting has been
extensively studied as an example of the relevance of tasting for heredity. As people divided
into two phenotypes depending on their taste for this substance, as some of them can taste the
substance and are called taster, while others cannot sense its bitter taste, they are called non-
tasters (Harries and Kalmus 1949). The gene responsible for its inheritance was discovered in
2003 (Kim et al., 2003), which encodes two types of receptor proteins. Receptors differ in
one SNP base in gustatory cells. The two main types are called PAV and AVI for tasters and
non-tasters, respectively, with other rare patterns present (Emerson et al., 2012). People differ
among themselves in the proportions of these genotypes (Campbell, 2012 and Ahmed et al.,
2015). The presence of these receptors outside the mouth was discovered in several tissues
and organs, there was a difference in the level of expression at the level of the individual
himself (Shaw et al., 2018). With the increasing importance of the difference in the taste of
this substance and its impact on the nutritional habits of humans and the eating of food types,
which is directly or indirectly related to health and diseases (Aldaz et al., 2019; Precone et al.,
2019; Igbeneghu et al., 2019), the interest in studying this trait has increased.

Pregnancy represents a special stage in a woman's life, and many changes occur during
pregnancy to keep or create the optimum environment for the development of the fetus and
ensure that he gets enough feed (Cameron, 2014). Several studies have indicated a change in
many of the woman’s senses during pregnancy: the sense of hearing, smell, and vision
increases in women during pregnancy, and taste is also one of the important senses in which
women found to differ in the pregnancy stage (Shind & Pazare, 2017). Despite the separation
of the sense of smell and taste system, they are involved in initiating food behavior (Precone
et al. 2019; Nordin et al., 2004). Studies have also shown that most or many saliva contents
of proteins and hormones rise during pregnancy (Muramatsu & Takaesu 1994), while the pH
and saliva flow rate decrease (Laine et al., 1988). The degree to which these changes affect
taste during pregnancy is still not fully defined. The results of some studies on pregnant
females indicate that taste variation during pregnancy may play a role in the optimal
development of the fetus (Hussain et al., 2016). Most pregnant women have a change in their
taste during pregnancy (Kuga et al., 2002; Dando & Choo 2017). Taste is generally
associated with pressure through its effect on nutritional behavior in eating certain types of
food or on the physiological level in the metabolism variance. It is believed that the
difference in the taste of table salt is the most prominent role in this field (Kogure et al.,
2019, Clarke & Bernstein, 2001). It was also found that variations in PTC taste sensitivity
could play a role as well (Mohaus & Ayied 2018). Hypertension disorders in pregnancy
(HDP) is a systolic blood pressure (=140 OR > 90 mmHg)) and diastolic blood pressure (or
both). It appears in women who have had a previous history of infection or develop disease
during the second half of pregnancy (Dando & Choo, 2017). The pregnant women
hypertension is one of the conditions that is a harmful to the life of the mother and the fetus,
may lead to the death of mothers or fetuses and causes weight loss, premature birth, ectopic
growth or death of the fetus inside the womb (Alarm, 2013). The state of natural pressure is
associated with good health of pregnant women, which requires eating balanced meals.
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Therefore, understanding or studying the effect of taste on nutritional choices during
pregnancy will be an important thing to achieve.

Given the increasing emergence of pregnancy hypertension cases and their negative effects
on the life of the mother and the fetus, as well as helping to find early diagnosis and treatment
method, it is of the utmost importance in overcoming the risks of this disease and therefore it
is necessary to identify and discover the relationship between the state of pressure between
pregnant women and taste the food salt NaCl and PTC.

Materials and Methods
Prepare the PTC material

A 0.13 g of PTC was weighed with a sensitive digital scale, and then the weighted substance
was dissolved in 100 ml distilled water to prepare solution No. 1, which represents the
highest concentration. Half of the solution number (1) was diluted with an equal volume of
water to get solution No. (2). The dilution process continues in the same way to reach
solution No. (13), which represents the lowest concentrations, meaning that each solution is
half the concentration of the solution that precedes it (Harris & Kalmus 1949). Boiled
distilled water was used as a control solution. The PTC-taste sensitivity test papers were
prepared by dipping the filter papers with a diameter of (125) mm with each of the previously
prepared and numbered solutions (1-13) as well as the control solution and then left to
saturate completely. Papers were dried and cut into small scraps with dimensions of 3 x 1.3
cm and kept in sterile and clean Petri dishes inside metal cans (Ayied et al., 2014). Before
performing the test, it must first be confirmed that there is no prior feeling of bitterness by the
individual who wants to know the threshold of taste for his PTC material by placing a filter
paper set on the back of the tongue, then a filter paper saturated with solution No. (13), which
represents the lowest concentration up to Solutions with a higher concentration until the
individual feels the bitterness of the substance, and then the number of this solution is
recorded to represent a threshold for the taste of the PTC substance for this individual (Ayied
et al., 2014). The critical limit of PTC taste between the two groups (taster vs non-taster) was
determined, then the phenotypic patterns of this substance’s taste quality were determined
based on the binomial distribution of the critical boundary for the taste of individuals (Al-
Ani, & Abdulla 1999; Omari 1986).

Taste table salt

The taste sensitivity of table salt was measured among pregnant and non-pregnant women
using a simple method of Nishimoto et al. (1996) and Michikawa et al., (2009). The method
included preparing solutions with concentrations of salt starting from the highest
concentration of 2%, which was prepared by dissolving 2 g of sodium chloride crystals in 98
ml of boiled distilled water to the lowest 0.125%. The sensitivity of taste was examined,
starting from tasting the lowest concentration to the highest concentration through the
following gradient concentrations (2%, 1%, 0.5% 0.250, 125%).
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Women samples

A PTC and table salt taste sensitivity test were performed among (150) pregnant women (the
experimental sample) attending health centers for pregnant care and (150) non-pregnant
women (control sample). Information was recorded for every pregnant and non-pregnant
woman. Personal data included: measurement of pressure (systolic and diastolic blood
pressure), weight, length, and pregnancy duration for pregnant women which divided into
three periods (1-3,4-6,7-9 ) for three months each , in addition to age and disease.

Results

Table (1) shows the distribution of critical limits for pregnant and non-pregnant women. The
results showed an increase in the sensitivity of PTC taste among pregnant women, as the
critical limit for taste among pregnant women reached 8 compared to 6 of non-pregnant
women.

Table (1): Critical taste level distribution of pregnant and non-pregnant women for
PTC.

Pregnancy Duration (mo.) Total
PTC taste pregnant Non-pregnant
level 1-3 4-6 -9 number | omen

(%) number (%)

0 3(6.67) 9 (20) 6 (10.00) | 18(12) 6 (4)
1 3(6.67) 3(2) 3(2)
2 6 (13.30) 6 (4) 12 (8)
3 12 (26.70) 12 (20.00) | 24 (16) 9 (6)
4 6 (10.00) |6 (4) 18 (12)
5 12 (8)
6 3 (5.00) 3(2) 33 (22)
7 3(6.67) 3 (5.00) 6 (4) 15 (10)
8 18 (40.00) | 15(33.30) | 18(30.00) |51 (34) 3(2)
9 3(6.67) 3(2) 6 (4)
10 3(6.67) 3(2) 15 (10)
11 3(6.67) 6(13.33) | 3(5.00) 12 (8) 15 (10)
12 6 (13.3) 9 (15.00) |15 (10) 3(2)
Total 45(100) | 45(100) |60(100) | 150 (100) | 150 (100)

With regard to the taste of table salt (Table 2), less sensitivity was noted for its taste among
pregnant women, as a high critical limit was noted, as the highest percentage of salt taste for
pregnant women was (40%) at a concentration of (2%) of salt in the first and second periods,
while returning to the normal state when concentration of 0.5% in the third and last period.
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Table: (2) Table salt taste sensitivity of pregnant and non-pregnant women, number

(%)
Pregnancy Concentration of salt (%)/No. (%)
Pregnancy | period Number | 2 1 0.5 0.25 0.125
(mo.) No. (%) No.(%) | No. %) | No. %) | No. (%)
1-3 45 18(40) 6(13.3) | 9(20) 0 12(26.6)
Pregnant 4-6 45 18(40) 3(6.6) | 9(20) 9(20) 6(13.3)
7-9 60 12(20) 9(15) 18(30) | 15(25) | 6(10)
Total 150 48(32) 18(12) | 36(24) | 24(16) | 24(16)
Non-pregnant 150 12(8) 18(12) | 27(18) | 33(22) | 60(40)

As for pressure, fluctuation was observed during pregnancy in general and in the first period
of pregnancy in particular (Table 3).

Table (3). Pressure variation of pregnant and non-pregnant women

Pregnancy | Stage  of | Number Pressure Systolic Diastolic
pregnancy fluctuation | pressure pressure
1-3 45 18 18 18
Pregnant 4-6 45 3 27 3
7-9 60 6 36 9
Total 150 27(20) 86(54) 27(20)
Non- 150 0 64(36) 15(10)
pregnant

The level of its decrease has increased exponentially as the pregnancy period increases. It
was observed that the percentage of women with high systolic pressure was higher in
pregnant women 20% than non-pregnant women 10%. In general, the percentage of decline
among pregnant women in diastolic and systolic pressure together was 54% compared to
36% non-pregnant women (Table 4).

Table (4): Pressure fluctuation among pregnant women compared to non-pregnant

women
Pregnancy period | High diastolic and | Low Diastolic and | Pressure
(months) systolic pressure systolic pressure Fluctuation
1-3 0 3 3 (6%0)
4-6 0 11 0

7-9 0 9 2 (4%0)
Total 0 23 5 (10%)
Nonpregnant 5 (10%) 18 (36%0) 0
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Discussion

The current study indicates an increase in the sensitivity of PTC taste among pregnant
women. As for the taste of table salt, the opposite has been observed (lack of sensitivity to
taste it among pregnant women), as the critical limit of salt taste has been observed, which
has reached a concentration of (2%) in the first and second periods, while returning to the
normal state in the third period. As for pressure, fluctuation was observed during pregnancy
in general and in the first period of pregnancy in particular. Pregnancy in women is
associated with many physiological changes (Soma-Pillay et al 2016). Taste is of great
importance in the life of a pregnant woman in both health and illness, and the sense of smell
is affected by the taste, which is involved in crystallizing nutritional behavior (Doty & De
Fonte, 2016). Seemingly, confusion occurs during the gestational period of salt taste (Tepper
& Seldner 1999). Duffy et al (1998) found that there was a lack of salt tasting in the second
and third stages of pregnancy compared to non-pregnant and pregnant women in the first
stage (Brown & Toma 1986) and that some researchers indicated a decrease in the first stage
(Kuga et al 2002; Clarke & Bernstein (2001). While others have indicated that pregnancy has
no effect on the taste of salt (Landman et al 1980, Saluja et al 2014). With regard to bitterness
tasting, Bhatia & Puri (1991) indicated an increase in the sensitivity of bitter taste to PTC in
the first stage. This was also confirmed by (Duffy et al 1998) and added that it is decrease in
the second and third stages of pregnancy. This increase was explained by pregnant women
avoiding consuming bitter substances (which are often toxic) during this early critical period
of fetal development, as they protect the mother and fetus from eating homemade food that
may cause disease or contain toxins (Flaxman & Sharman2000 & Profet, 1994). It has been
found that some of the most common foods that pregnant women have been reluctant to read
are dangerous substances and cause fetus distortion or abortion (Profet 1994). Therefore,
vomiting and nausea in the early stages of pregnancy may be associated with protecting the
fetus and reducing the risk of its loss (Sipiora et al., 2000 & Hinkle et al, 2016). On the other
hand, and unlike many studies that indicated a change in bitter taste during pregnancy, some
indicated that pregnancy had no effect on bitter taste (Saluja 2014 & Nanou et al., 2016).

Hormones have a major role in altering the sense of taste (Loper et al., 2013). The immune
system may also play a role in influencing bitter material taste or regulating response to it
(Feng et al., 2015). Steroids (progesterone and estrogen) hormones act on both taste buds, it
has been found that there is an increase in the level of the progesterone hormone in saliva
during pregnancy, so this hormone has a direct impact on the sense of taste, and increases in
the first three months. This is one of the indicators of the reasons for the increased sensitivity
of the taste of pregnant women at this stage compared to others (Sultana et al., 2011). That
steroid hormones show a change in the level of electrolytes and that these changes lead to an
impact on the nervous system and thus the effect on taste (Bhatia & Puril991; Faas et al.,
2010). The constant change of gustatory cells makes them susceptible to the hormonal and
nutritional status of females during their life stages (Shiffman 1983) and the massive change
in the gestational stage of women and the high level of steroid hormones that may affect the
growth of gustatory buds and gustatory cells (Yucel et al., 2002). It may be one of the reasons
for the increased sensitivity of women at this stage to the types of taste, especially the time
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when it plays a role in protecting the fetus from harmful substances, which are often bitter.
Researches vary in its results when studying taste during pregnancy. The only studies that
examined women's taste for the period before , during and then after pregnancy showed that
bitter taste increases in the first three months of pregnancy and that the taste of table salt
decreases in the second and third periods (6-4), (7-9) (Bhatia & Puri1991; Duffy et al., 1998).
While other studies have not supported the reduction in salt-tasting sensitivity (Landman et
al., 1980, Saluja et al., 2014). Generally, tasters differ from non-tasters with a number of
differences, including the difference in the level of some hormones and metabolic substances
(Wang et al. 2014), and that this variation may indicate that both taster and non-taster of PTC
have a different physiological system of their own, which in turn is affected on his/ her
overall responses to external or internal influences, including the stage of pregnancy in
women .PTC tasting ability may affect pressure stability especially at females (Mohaus &
Avyied 2018) . The response to bitter material taste is influenced by immunity (Feng et al.,
2015), which increases during pregnancy towards sensitivity to bitter materials specifically,
as the opposite may also be true, which indicates the importance of studying this
characteristic for future studies in this field.

Conclusion

Pregnant women become more sensitive to PTC during the first three months. During the
first and second three months, pregnant women taste to salt decreased then they return to
normal in the last three months of pregnancy. The pressure fluctuates among pregnant women
at a higher rate than among non-pregnant women, and their rate of decline increases steadily
with pregnancy.
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