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Abstract : It is well established that women experience food craving for
particular foods and gain weight in relation to phases of menstrual cycle.
In this study, the preference for different concentrations of salt sprayed
on bland popcorn was assessed in 55 healthy women (age 18 to 22 yrs).
Salt solutions of 0, 1, 2, 3 and +3 molar strength were used. Samples of
sprayed popcorn were consumed in random order and preference marked
on a Likert scale. It was observed that women preferred unsalted popcorn
in the menstrual phase more than in the luteal phase. The preference for
salted popcorn was most during the luteal phase and was proportionate to
the strength of the salt solution used. Statistical analysis revealed
significant differences in the preference rating between the menstrual
phase and the other two phases. There was no significant difference in
preference between the luteal and follicular phases.
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INTRODUCTION
Food intake and selection is influenced
by neurochemical, hormonal, physiological
and
psychological
factors.
Taste,
a
neurochemical modality, plays an important
role in maintaining appropriate nutritional
balance (1). Considerable variation is found
in the distribution of four basic types of
taste buds in various species and amongst
the individual of a given species (2).
Salt appetite of an individual is
determined by taste threshold, preference
and its need in body (3). It is documented
that gustatory and food habits change
during menstrual cycle (4, 5). Variation in
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estrogen

progesterone

preference for sucrose during different
phases of menstrual cycle has been very well
documented (6, 7, 8). Increase in salt
appetite or intake during pregnancy and
lactation in animal and in human also very
well documented (9, 10) but there is scarce
data related to salt preference during
different phases of menstrual cycle (11).
This study was undertaken to find out if
there is variation in salt preference during
different phases of menstrual cycle.
METHODS
Subjects included were 55 females, 18
to 22 years of age. None of the subjects had
any specific medical problem or disorder

Phone : 0135-410310; E-mail : p_verma2002@hotmail.com

100

Verma

et

al

related to eating. All females having regular
menstrual cycle (28–30 days) were selected
for the study. Menstrual cycle was divided
into menstrual (day 1–6), follicular (day 7–
14) and luteal phases (day 15–28 to 30) for
this study. Eleven subjects were examined
between day 1 and 6 (menstrual phase) and
19 in the follicular phase while 25 subjects
were examined in the luteal phase.
Freshly made popcorns were used for
this study because of their bland taste.
Sodium chloride solution of five different
concentrations (0M, 1M, 2M, 3M and +3M)
were prepared in distilled water (+3M
solution was made by mixing 10 g sodium
chloride to 100 ml of 3M solution). Five sets
of popcorns were made by popping 80 g
(1/3 cup) unpopped corns and sprayed with
14 mL of one of the five salt solutions
uniformly by using spray bottle. Then
popcorns were mixed thoroughly and were
allowed to dry in air. Ten to fifteen popcorns
of specific concentration were kept in one
packet and labeled with a coded alphabet
that was not known to subjects. Such
packets of all five salt concentrations were
kept in random order in a large paper bag.
Test was performed in groups of 7–8
subjects. The test procedure was explained
and informed consent was obtained. Subjects
then completed a questionnaire, which
inquired about their age, sex, height,
weight, recent eating history and history of
any medication for illness like common cold.
Females also answered question about their
menstrual cycle: date of last menstrual
period (for knowing the phase of menstrual
cycle), duration of cycle, menstrual flow,
history of dysmenorrhea or any other
premenstrual symptom). Each of the
subjects was given a paper bag containing
all the five packets of popcorn, a rating
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sheet and a glass of distilled water. They
were asked to randomly take out one packet
at a time and a put all popcorns in the
mouth, to chew and then rate, before
swallowing, first the saltiness (to assess
their taste intensity discrimination for salt)
and secondly the palatability on a 7–point
Likert scale (1 = least salty/palatable, 7 =
most salty/palatable). After rating the
subjects consumed the popcorns, and drank
some water in order to clean their palate
and mouth. In a similar manner they were
asked to rate popcorns in rest of the four
packets. All of them were asked to remain
silent while they made their rating to avoid
influencing other subjects.
Statistical

analysis

One way MANOVA was used for
comparison of salt preference in three
phases of menstrual cycle with all five salt
concentration. Univariate analysis was done
for comparison of salt preference in all
phases of menstrual cycle with one specific
salt concentration. Multiple group analysis
(Scheffe’s method) was performed for
intra phase comparison at specific salt
concentration (12, 13).
RESULTS
The mean age of the subjects was 20 ± 2
years. The mean salt preference rating
(Table) showed that preference followed a
pattern dependent upon the phase of
menstruation and the concentration of salt
solution used (Fig. 1).
The MANOVA test indicated that
different phases of menstrual cycle had
statistically significant effect on the
preference rating for popcorns with different
salt concentration (F 8,260 = 93.46, P<0.001).
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TABLE I :

Phases of menstrual cycle
Menstrual phase (n=11)
Follicular phase (n=19)
Luteal phase (n=25)

Salt Preference Across Menstrual Cycle
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Salt preference rating during different phases of menstrual cycle.

Mean preference rating for different concentration of salt
0M

1M

2M

3M

+3M

4.0±1.7
2.5±1.2
1.7±0.7

3.0±1.6
3.26±2.0
2.4±1.6

3.4±1.7
4.47±2.0
4.04±1.8

2.27±1.1
4.47±1.6
5.16±1.2

2.18±1.0
5.15±1.5
5.56±1.3

Univariate analysis revealed statistically
significant difference in the preference at
different phases of menstrual cycle for 0M
(F 2 , 5 2 = 5.10, P<0.001), 3M (F 2 , 5 2 = 4.31,
P<0.001) and +3M (F 2,52 = 6.12, P<0.001) salt
concentration. It was observed that
preference for 0M popcorns was maximum
during menstrual phase followed by
follicular phase and least during luteal
phase. The preference for both 3M and +3M
was found maximum during luteal phase
followed by follicular phase and least in
menstrual phase (Table I). On multiple
group comparison by Scheffe’s method
statistically
significant
difference
in
preference was observed when rating during

Fig. 1 : S a l t p r e f e r e n c e d u r i n g d i f f e r e n t p h a s e s o f
menstrual cycle.
(M : menstrual phase, F : follicular phase, L :
luteal phase)

menstrual phase was compared with that
during follicular and luteal phase but no
statistically significant difference was
observed between the preference rating
during follicular phase and luteal phase (For
0M : Scheffe’s value (SV) M,F = 6.5, SV M,L =
7.1, SV F,L = 3.4 and for +3M : SV M,F =8.1,
SV M,L = 8.7, SV F,L = 2.2 with critical value
= 6.36).
DISCUSSION
It
has
been
documented
that
physiological need for salt stimulates
increased appetite for salt (14, 15). Increase
salt appetite and intake has been reported
during
pregnancy
and
lactation
in
human (9). The present study observed a
statistically significant variation in salt
preference during different phases of
menstrual cycle. It was found that females
in luteal phase preferred extremely salty
popcorns (+3M) and in menstrual phases
they preferred unsalted popcorns more than
in other phases of their menstrual cycle
(Fig. 1). This is similar to the findings of
Frye and Demolar who also observed
increased preference of salt during luteal
phase (11). Females in their follicular and
luteal phase (periovulatory phase) of their
menstrual cycle have high levels of
circulating estrogen and progesterone and
these hormones appear to be related to salt
intake. Present data suggest that female salt
preference increases during periovulatory
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phase when levels of endogenous hormones
are high and decline during menstrual
phase when level of these hormones is lower.
This view is supported by the studies which
reported that salt appetite or intake
increase when animal’s oestrogen and
progesterone levels are exogenously or
endogenously increased (16, 17).
Further, the highest preference for salt
during luteal phase might be associated
particularly with raised progesterone level
and could be correlated to increased weight
gain and other premenstrual symptoms (18).
Besides the direct effect of hormones on salt
appetite there could be indirect effects of
oestrogen on salt appetite through opioid

receptor (19) while that of progesterone is
by affecting the membrane fluidity and flux
of ions (20) that may cause increased sodium
requirement and its appetite.
Overall this study concluded that there
are cyclic variation in the preference of salt
during different phases of menstrual cycle
just like the fluctuation in the preference
for sucrose. The causes of these variations
are still unclear and it seems reasonable to
hypothesize that the effects are due to
physiological variation in which estrogen
and progesterone play a role. However,
further studies involving hormonal assays
along with salt preference during menstrual
cycle need to be undertaken.

REFERENCES
1.

Danker HH, Roczen K, Lowenstein WU. Regulation
of food intake during menstrual cycle. Anthropol
Anz 1995; 53: 231–238.

2.

Ganong WF. Smell and Taste. In : Review of
Medical Physiology , 21st ed. Asia : McGraw – Hill
Companies 2003: 188–194.

3.

Beauchamp GK, Bertino M, Moran M. Sodium
regulation : Sensory aspects. J Am Diet Assoc 1982;
80: 40–45.

4.

Alberti-Fidanza A, Fruttini D, Servili M. Gustatory
and food habit changes during the menstrual cycle.
Int J Vitam Nutr Res 1998; 68(2): 149–153.

5.

Kuga M, Ikeda M, Suzuki K. Gustatory changes
associated with the menstrual cycle. Physiol Behav
1999; 66(2): 317–322.

6.

Pliner P, Fleming A. Food intake, body weight and
sweetness preferences over menstrual cycle in
humans. Physiol Behav 1983; 30: 663–666.

7.

Tomerelli R, Grunwald KK. Menstrual cycle and
food craving in youg college women. J Am Diet
1987; 9: 311–316.

8.

Than TT, Delay ER, Maier ME. Sucrose threshold
variation during the menstrual cycle. Physiol
Behav 1994; 56(2): 237–239.

9.

Brown JE, Toma RB. Taste changes during
pregnancy. Am J Clin Nutr 1986; 43: 414–418.

12. B a r b a r a H M u n r o . D i f f e r e n c e s a m o n g g r o u p
means : Multifactorial analysis of variance. In:
Barbara HM, Madelon AV and Ellis BP eds. Statistical
methods for health care research. Philadelphia :
J.B. Lipponcott Company 1986: 200–217.
13. Madelon A, Barbara HM. Differences among group
means : One way analysis of variance. In: Barbara
HM, Madelon AV, Ellis BP eds. Statistical methods
for health care research. Philadelphia : J.B.
Lipponcott Company 1986; 174–199.
14. Vander AJ. Control of renin release. Physiol Rev
1967; 47: 359–364.
15. Bertino M. Beauchamp GK, Riskey DR, Engleman
K. Taste perception in three individuals on a low
sodium diet. Appetite 1981; 2: 67–73.
16. Denton DA, Nelson JF. The control of salt appetite
in wild rabbits during lactation. Endocrinology
1978; 103: 1880–1887.
17. F r e g l y M J , N e w s o m e D G . S p o n t a n e o u s N a C l
appetite by administration of an oral contraceptive
and its components to rats. In: Kare M, Fregly
MJ, Bernard RA, eds. Biological and behavioral
aspects of salt intake. New York : Academic Press :
1980: 248–272.
18. Pliner P, Fleming A. Food intake, body weight, and
sweetness preferences over the menstrual cycle in
humans. Physiol Behav 1983; 30: 663–666.

10. Frankmann SP, Ulrich, Epstein AN. Transient and
lasting effects of the reproductive episodes on NaCl
intake of the female rate. Appetite 1991; 16: 193–204.

19. Gosnell BA, Majchrzak MJ, Krahn DD. Effect of
preferential delta and kappa opioid receptor
agonists on the intake of hypotonic saline. Physiol
Behav 1990; 47: 601–603.

11. Frye CA, Demolar GL. Menstrual cycle and Sex
Differences Influence Salt Preference. Physiol and
Behav 1994; 55: 193–197.

20. Carlson JC, Gurber MY, Thompson JE. A study of
the interaction between progesterone and
membrane lipids. Endocrinology 1983; 117: 190–194.

