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The Effects of Repeated Exposure to GarlicFlavored Milk on the Nursling's Behavior
JULIE A. MENNELLA AND GARY K. BEAUCHAMP

Monell Chemical Senses Center, Philadelphia, Pennsylvania 19104-3308

ABSTRACI'. The present study investigated whether prior
consumption of garlic by nursing mothers modifies their
infants' behaviors during breast-feeding when the mothers
again consume garlic. Three groups of mother-infant dyads
were studied. The groups differed in the type (placebo or
garlic) or the timing (d 5-7 or 8-10) of capsule ingestion
by the mothers and, consequently, in the amount and
recency of exposure their infants had to garlic-flavored
milk during an 11-d experimental period. Each motherinfant pair was observed during two 4-h test sessions. The
first session occurred at the beginning of the experimental
period, when the mothers ingested placebo capsules (d 4);
the second occurred at the end of the experimental period,
when they ingested garlic capsules (d 11). During test
sessions, the infants fed on demand and were weighed
before and after each breast-feeding to determine the
amount of milk ingested, and their behaviors during breastfeeding were monitored by videotape. The results demonstrated an effect of prior experience with garlic in mother's
milk. The infants who had no exposure to garlic volatiles
in their mothers' milk during the experimental period spent
significantly more time breast-feeding after their mothers
ingested garlic capsules compared with those infants whose
mothers repeatedly consumed garlic during the experimental period. Moreover, the former group of infants spent
significantly more time attached to their mothers' breasts
during the 4-h test session in which their mothers ingested
the garlic compared with the session in which she ingested
the placebo. In contrast, the infants of mothers who consumed garlic capsules during the experimental period
showed no response to the mothers' ingestion of garlic at
the end of the experimental period (i.e. the time spent
breast-feeding was equivalent to that observed during the
session in which their mothers ingested the placebo capsules). Neither the number of times the infants fed nor the
amount of milk they consumed was significantly affected
by maternal garlic ingestion. (Pediatr Res 34: 805-808,
1993)
Abbreviations
ANOVA, analysis of variance

Human milk is not just a complex mixture of substances that
best meets the nutritional requirements of the infant. It is a food
that varies in flavor because selected volatiles from the mother's
diet are transmitted to her milk (1, 2). Like the milk of other

mammals (3), the flavor of human milk is altered when lactating
women eat sulfur-containing foods such as garlic (1). When
human milk is flavored with garlic, the infants breast-feed longer
and suck more overall than they do when this flavor is absent,
at least under conditions in which the mothers have been ingesting bland diets for several days (1).
Several hypotheses can be suggested to account for this increased responsiveness during breast-feeding after the infants'
mothers consumed garlic. First, the infants may be attracted to
or stimulated by garlic volatiles. Although there is no evidence
that the flavor of garlic is inherently attractive to human infants
in the same way that sweet sugars are (4), a variety of carnivore
and omnivore species are attracted to semiochemicals that contain sulfur, and cats and dogs eat more food when it is flavored
with garlic (5). Second, the infants may be responding to a
familiar, and thus pleasant, flavor previously experienced in their
mother's milk (I), amniotic fluid (6), or both. Third, the infants
may be responding to nonspecific changes in the flavor of the
mother's milk. Because the mothers in our previous study (1) ate
a diet low in sulfur-containing foods during the experimental
period, their milk may have been bland. Perhaps the change to
a garlic-flavored milk acted as a stimulant for suckling, a phenomenon similar to that observed in adults when a change in
the type and flavor of available foods stimulates intake (7).
In the present study, we began investigating these hypotheses
by manipulating the nursing mother's diet and, consequently,
her infant's experience with garlic-flavored milk, and then evaluating the infant's response to garlic-flavored milk during a
subsequent feeding.
MATERIALS AND METHODS

Subjects. Thirty healthy, nonsmoking women whose infants
were exclusively breast-feeding were recruited from local newspapers and from the Women, Infants and Children Program at
North, Inc. in Philadelphia. Six additional mothers began testing
but were disqualified because they did not comply with the
testing procedures. All study procedures were approved by the
Committee on Studies Involving Human Beings at the University
of Pennsylvania, and informed consent was obtained from each
woman before entry into the study.
Three groups, each consisting of 10 mother-infant pairs, were
formed. The characteristics of the subjects in each group are
listed in Table 1. There was no significant difference between the
groups in the ages of the mothers [F(2,27) = 1.68, p = 0.211 or
infants [F(2,27) = 0.09, p = 0.921. Each group consisted of five
female and five male infants.
To assess how often each mother consumed sulfur-containing
foods during pregnancy and lactation, a food frequency questionnaire listing sulfurousfoods (e.g. garlic, onions, and broccoli)
was completed by each subject (8). This revealed that all mothers
ate garlic and other sulfur-containing foods occasionally. None
of the mothers had consumed any type of garlic capsule before
entry into the study.
Procedure. Each mother-infant dyad participated in the study
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Table 1. Subject characteristics
Group 1
(No recent
exposure to
garlic)

Group 3
(Garlic exposure
on d 8-10)

Group 2
(Garlic exposure
on d 5-7)

Mother's age (y)
Mean SD
Median
Infant's age (d)
Mean SD
Median
Sex of infant (femalelmale)

+

*

n

for 11 d during which each mother was instructed to eat a
"bland" diet low in sulfur-containing foods. The mothers were
given a list of foods (e.g. garlic, onion, and asparagus) and spices
(e.g. garlic powder, onion powder) to avoid. To encourage compliance, they were asked to record (in terms of household measures) all foods and beverages consumed during this period [see
Mennella and Beaucahmp (1, 2) for further description of methods].
After maintaining a bland diet for 3 d, each mother and infant
came to the Monell Center on the morning of d 4. At the
beginning of the test session, each mother ingested placebo
capsules. During the next 4 h, her infant breast-fed at the
frequency customary for each mother-infant dyad (9). Each
mother chose which breast the baby suckled from first and
whether the second breast was offered. Milk intake was assessed
by weighing the infants immediately before and after each feed
( 1O), and the infants' behaviors during breast-feeding were monitored by videotape (l,2).
At the end of this first test session, mothers were given a packet
of either placebo capsules containing lactose or capsules containing 1.5 g of garlic extract (General Nutrition Center, Pittsburgh,
PA) and instructions regarding when to take the capsules. The
mother was not told which type of capsule she was given. As
illustrated in Figure 1, although the testing procedures on d 4
and 11 were identical for all three groups, the groups differed in
the type (placebo or garlic) or the timing (d 5-7 or d 8-10) of
capsule ingestion by the mothers and, consequently, in the
amount and recency of exposure their infants had to garlicflavored milk at they time of the second testing session on d 1I.
That is, the mothers in group 1 ingested placebo capsules on d
7-10, and their infants therefore, were not exposed (or, at the
most, minimally exposed) to garlic-flavored milk during the 10
d preceding test d 11. In contrast, the mothers in group 3 ingested
garlic capsules during d 8-10, and their infants therefore had
been exposed to the garlic during the 3 d immediately preceding
test d 11. Group 2 infants also experienced garlic-flavored milk,
Experimental Design
Day of Experimental Period
Group 1

P*

Group 2

P

Group 3
P

-

~

G
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G
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Fig. I . The design of the experimental protocol for the three groups
of subjects. The subjects in each group consumed a low-sulfur diet during
all 1 1 d of the experimental period. P indicates the days that the mothers
consumed the placebo capsules; G indicates the days that the mothers
consumed the garlic capsules; * indicates the test days in which the
infant's feeding behavior was monitored at the Monell Center.

but because they were exposed during d 5-7 of the experimental
period, 3 d had elapsed between the last day their mothers had
ingested any substantial amount of garlic and the test day. Pilot
testing in our laboratory revealed that this is sufficient time for
the milk to be free of detectable garlic odors.
On the final experimental day (d 1l), the mothers and infants
returned to the Monell Center. The testing procedures of d 4
were repeated, but instead of ingesting placebo capsules, each
mother ingested capsules containing 1.5 g of garlic extract. The
time of day that the mothers ingested the capsules on test d 4
and 1 1 was the same time she ingested the capsules at home.
During replays of the videotapes, observers who were blind to
the conditions of the feeding recorded the length of time the
infants spent attached to the nipple during each breast-feeding.
The method of Drewett et al. (1 1) was used to determine the
number of feedings per testing session. A feeding was defined as
the period of attachment to the breast such that if the interval
between detaching from one breast and reattaching to the other
was less than 5 min, then these adjacent breast-feeding5 were
treated as components of a single feeding.
Statistical analyses. For each infant, we determined the total
milk intake, time attached to the nipple, and number of feedings
that occurred during the 4 h after the mother consumed the
placebo capsules (d 4) and after she consumed the garlic capsules
(d 11). These data were analyzed in separate 2 x 3 ANOVA
(SPSS/PC+) with test session (placebo or garlic) as a repeated
factor and condition (group 1,2, or 3) as a grouping factor. After
significant interaction effects, one-way ANOVA with post hoc
Tukey tests were performed to assess group differences, and
paired t tests, using the Bonferroni procedure, were performed
to assess differences within each group. All summary statistics
are expressed as mean + SEM.
RESULTS

The total time the infants of each group were attached to their
mother's nipples during the test sessions in which their mothers
consumed placebo capsules (d 4) and garlic capsules (d 11) is
shown in Table 2. The ANOVA revealed a significant interaction
between the amount ofexposure the infants had to garlic-flavored
milk during the experimental period (condition) and the type of
capsules the mothers ingested during the test session [condition
x test session: F(2,27) = 6.80, p = 0.0041, and a significant main
effect for condition [F(2,27) = 3.80, p = 0.041 but not for test
session [F(2,27) = 0.01, p = 0.911.
Probing the significant interaction revealed that there was no
significant difference between the groups in the length of the
feedings occurring when mothers consumed placebo capsules
[F(2,27) = 1.42, p = 0.261, but there was a significant difference
during the test session when the mothers consumed the garlic
capsules [F(2,27) = 5.9 1, p = 0.0071. The infants whose mothers
maintained a bland diet and ingested the placebo capsules during
d 7-10 (group I) spent more time breast-feeding during the test
session in which their mothers consumed garlic than did group
2 ( p < 0.05) and group 3 infants ( p c 0.05; see Table 2).
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Table 2. Effect of garlic exposure on infants'feedinr: behaviors*
Group 1
(No recent
exposure to garlic)

Group 2
(Garlic exposure
on d 5-7)

Group 3
(Garlic exposure
on d 8-10)

Total time attached to nipple (min)
Placebo test session
Garlic test session
Total milk intake (mL)
Placebo test session
Garlic test session
Total number of feedings
Placebo test session
Garlic test session
n

* The total time attached to the nipple, the amount of milk consumed, and the number of feedings are shown for each of two 4-h test sessions on
d 4 and 1 1 of the experimental period. During the session on d 4, the mothers consumed placebo capsules, whereas on d I I they consumed garlic
capsules. Group I infants had no exposure to the garlic capsules during test d 1 through 10; group 2 infants had exposure to the garlic capsules on
d 5-7 of the experimental period; and group 3 infants had exposure to the garlic capsules during d 8-10.
t p < 0.0 I vs same group in the placebo test session.
S p < 0.05 vs group 1 in the same test session.
Moreover, group 1 infants spent significantly more time attached
to their mother's breasts during the 4-h test session (d 11) in
which their mother ingested the garlic (47.9 f 5.8 min) compared
with the test session (d 4) in which she ingested the placebo
capsules [37.6 f 4.4 min; paired t(9dl) = -3.33, p = 0.009; see
Table 21. As illustrated in Figure 2, the group 1 infants breastfed, on average, 30.8% longer when their mother's milk was
flavored with garlic. Although there was a tendency for the infants
who were exposed to garlic during the experimental period
(groups 2 and 3) to spend less time breast-feeding when their
mothers again consumed garlic (test d 11) compared with when
their mothers consumed the placebo capsules (test d 4), this was
not significant for either group 2 [paired t(9dl) = 0.9 1, p = 0.391
or group 3 [paired t(9dl) = 1.86, p = 0.10; see Table 21.
The amount of milk consumed by the infant [condition x test
session: F(2,27) = 1.34, p = 0.28; condition: F(2,27) = 0.99, p =
0.39; test session: F(2,27) = 0.84, p = 0.371 and the number of
times the infants fed during the testing sessions [condition x test
session: F(2,27) = 0.84, p = 0.44; condition: F(2,27) = 2.92, p =
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Fig. 2. Percent difference in the amount of time the infants were
attached to the nipple during the 4-h test session in which the mother
consumed the garlic capsules (d I I) compared with the time attached
when she consumed the placebo capsules (d 4). Group I infants had no
exposure to the garlic capsules during test d I through 10. Group 2
infants had exposure to the garlic capsules on d 5-7 of the experimental
period and Group 3 infants had exposure to the garlic capsules during d
8-10. Each infant's behaviors were monitored on two separate days, on
d 4 when their mother ingested placebo capsules and on d I I when she
ingested garlic capsules.

0.07; test session: F(2,27) = 0.00, p = 1.001 were not affected by
the amount of exposure the infant had to garlic-flavored milk
during the experimental period, the type of capsules ingested by
the mother during the test session, or their interaction.
Because garlic ingestion by the lactating woman is said to be
associated with "colic" in the breast-feeding infant (I 2), we asked
each mother at the end of the study whether she noticed a change
in her infant's behavior during the days that she took the capsules
at home. Recall that none of the mothers were told what type of
capsule they were given. Of the 20 women who ingested the
garlic capsules at home (groups 2 and 3), all believed they had
ingested garlic capsules, but only four reported that their infants
were colicky during these 3 d; that is, they were fussier, cried
more, or "had more gas." Interestingly, four of the 10 women
who had ingested placebo capsules during these 3 d (group 1)
believed they had ingested garlic capsules; each of these women
also reported that their infants were colicky.
DISCUSSION

Prior and repeated consumption of garlic by nursing mothers
modified their infants' behaviors during breast-feeding when the
mothers again consumed garlic. That is, the infants of mothers
who had repeatedly consumed the garlic capsules during the
experimental period (groups 2 and 3) breast-fed for similar
periods of time during the 4-h test session in which their mothers
consumed garlic (d 11) compared with the session in which their
mothers ingested the placebo (d 4). In contrast, the infants who
had no or minimal exposure to garlic volatiles in their mother's
milk during the experimental period (group 1) spent more time
breast-feeding when their mothers ingested garlic than when their
mothers ingested the placebo, thus corroborating our previous
findings (1).
Perhaps the garlic flavor became monotonous to those infants
who were repeatedly exposed to it in mother's milk (groups 2
and 3). Over the short term, children (13) and adults (7) report
that the palatability of a food, and the amount of it consumed,
declines after repeated consumption of that food, whereas less
recently consumed foods are considered more palatable and
stimulate food intake. Moreover, the garlic-flavored milk may
have aroused the infants who were exposed to a diet of mother's
milk relatively low in flavor, garlic-like compounds, or both
(group 1). When aroused, mammalian infants will suck more
( 14) and exhibit a variety of other oral behaviors ( 15, 16). This
enhanced suckling time did not result in an increase in milk
intake, however. The absence of an effect on the infant's milk
intake may reflect milk availability, infant capacity, or both.
Nonetheless, these findings suggests that the sensory attributes of

