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Abstract 

The effects of early undernutrition on the social learning of food preference in adolescent rats were analyzed. On days 1, 

2 of a food-preference test the visits to food and the cocoa vs. cinnamon ingestion by demonstrator (DEM) control 

(CG) or an underfed (UG) were measured. On day 3 in an adjacent cage to the DEM, the number of sights and self-

grooming by an observer (OBS) was also noted. Thereafter, during a DEM + OBS social encounter, the number of head 

contacts, snout sniffing, and self-grooming by an OBS were measured. On day 4 of a food-preference test the visits to 

food and the cocoa vs. cinnamon ingestion by an OBS CG or UG were scored. Before the social encounter the OBS 

underfed significantly reduced the sights to the DEM, and both DEM CG and UG rats preferred the cinnamon. During 

the social encounter there were significant increases in the OBS UG in self-grooming and head contacts, with less snout 

sniffing than CG. On day 4 the OBS UG visited more the cocoa food and only the OBS UG preferred more cinnamon 

than controls. The findings suggest that early undernutrition disrupts the ability to transfer food preference to a partner. 
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Resumen 

El efecto de la desnutrición temprana sobre el aprendizaje social de preferencia por el alimento se analizó en ratas 

adolescentes. En los días 1 y 2 se evaluaron las visitas al alimento y la ingesta de cocoa o canela en una prueba de 

preferencia al alimento por un demostrador (DEM) control (CG) o desnutrido (UG). En el día 3 en una caja adyacente al 

DEM se registró, el número de miradas y el autoaseo que realiza el OBS. Durante el encuentro social del DEM+OBS, se 

evaluó el número de contactos con la cabeza dirigidos al DEM, olfateos y autoaseo del OBS. En el día 4, se registraron 

las visitas al alimento y la ingesta de cocoa o canela por el OBS CG y UG en la prueba de preferencia al alimento. Previo 

al encuentro social el OBS desnutrido redujo significativamente las miradas al DEM, y ambos DEM CG y UG prefirieron 
la canela. Durante el encuentro social en el OBS UG hubo un incremento significativo en el autoaseo y contactos con la 

cabeza, con menos olfateos que el UG. En el día 4 el OBS UG visitó más el alimento con sabor a cocoa y sólo el OBS 

UG prefirió la canela que el CG. Los resultados sugieren que la desnutrición temprana altera la habilidad para transferir 

a un compañero la preferencia por el alimento. 
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1. Introduction 

 

In altricial species, the perinatal period which 

includes gestation and lactation is crucial to 

program the development and maturation of 

many tissues. In mammals early food 

restriction results in anatomical and 

functional brain alterations that impair short- 

and long-term behavioral, biochemical and 

electrophysiological coding signals affecting 

the expression of cognitive processes such as 

emotion, memory, selective attentiveness, 

visuo-spatial learning, and maternal behavior, 

among others.1-5 These brain alterations 

associated with perinatal undernutrition 

include at least, reduction of the density of 

dendrites and spines, the number of neurons 

and synaptic contacts in various forebrain 

brain areas involve in complex cognitive 

processes and brain disorders.4,6-9 Early food 

restriction may also interfere with the 

development of neuronal gustatory relays, as 

evidenced by delayed expression of papillary 

receptors, brain weight reductions, dendritic 

arbor prolongations and neuronal soma 

hypoplasia at the solitary tract nucleus, 

parabrachial nuclei, the amygdala, and the 

insular cortex, which may interfere with the 

neuronal afferent electrical coding integration 

of the gustatory and olfactory signals at the 

long-term memory of gustative experience.10-

16 

 In altricial species the gustatory 

experience begins during the prenatal period 

when the fetus can shape food preferences 

because the cues are transmitted from the 

maternal dietary components to the amniotic 

fluid and then to the fetus.12,17,18 The 

newborn rats are able to discriminate tastes 

and generate gustofacial responses because 

the neuronal circuits are already operating in 

order to gain associative gustatory 

experience and utilize the preference-

aversion processes for feeding behaviors.19,20 

Moreover, a deficiency in some components 

of the normal diet rat alters the preference 

for taste solutions.21,22 On the other hand, 

early undernutrition delays the development 

of social behavioral interaction, with reduced 

body contacts and social cue exploration and 

no social self-grooming or aggressive 

behaviors.23 In mammals, the behavior of 

individuals provides a rich source of 

information that other conspecifics can use 

to improve their behavior without direct 

experience, and this process is referred to as 

social learning.24,25 The social transmission of 

food preferences task is a natural test of 

paired associative learning ability that takes 

advantage of the innate ability of a rat to 

employ olfactory cues to avoid poisoned 

food. In this task the observer rat interacts 

with the demonstrator subject who has 

consumed a flavored rat chow that the 

observer then prefers as the target food 

when given a choice between the normal and 

flavored chow.24 Because perinatal food 

restriction interferes with social interaction, 

the development of gustatory papillae and 

neuronal relays, and the synaptic plasticity 

needed for the pups to obtain the early 

sensory experience, the current study 

analyses if perinatally underfed male rats 

showed deficiencies during adolescence in 

social learning of food preferences from a 

demonstrator DEM to an observer OBS 

subject. This process is fundamental for 

social development and for the hedonic 

impact of integrating gustatory information 

throughout the sensory limbic relays that 

contribute to food selection. 

 

2. Material and methods 
 

2.1. Experimental animals 

 

Subjects were adolescent male Wistar rats 

(115-120 g), descendants of a stock originally 

obtained from Harlan Sprague-Dawley (IN, 

USA). The animals were maintained in an 

automatically controlled room at 22 ± 2º C, 

50% humidity on a 12-h/12-h light/dark cycle 

(lights on at 07:00), with water and food 

(5001 rodent Purina chow) ad libitum. For 

mating, two males were placed in standard 

translucent plastic cages (60 x 50 x 20 cm3) 

containing four virgin females (200-250 g). 

One week before parturition sperm-positive 

females were placed individually in plastic 

maternity cages (50 x 30 x 20 cm3) with grill 

tops and wood shavings as nesting material. 
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The day after birth is referred to as PD 0, 

and 24 h later pups from different litters 

were weighed and sexed four females and 

four males from each litter were randomly 

distributed among dams in order to minimize 

genetic and nutritional differences that might 

influence the experimental results. The 

presence of the bilateral thoracic and 

abdominal line of nipples and the shorter 

anogenital distance in the females were used 

as criteria for sex recognition.26 Animal care 

and protocols were approved by local 

Animal Committees and adhered to the 

National Research Council Guidelines for the 

care and use of mammals, and also by the 

Norma Oficial Mexicana (NOM-062-ZOO-

1999) of México.27,28 

 

2.2. Nutritional procedures 

 

2.2.1. The control group (CG) 

 

The CG consisted of 6 adolescent male rats 

obtained from 4 normally fed litters, 

nourished by well-fed dams with free access 

to food (5001 rodent Purina chow) and 

water. After birth, CG rats were fed and 

handled by interchanging a pair of normally 

lactating mothers (one of them with a sham 

nipple ligature) every 12 h (at 08:00 and 

20:00 h) between the litters as described 

elsewhere.13 This experimental paradigm 

permits adequate nursing of pups and care 

from the mother (body licking, retrieving, 

anogenital stimulation, physical contacts, 

crouching position over the pups, etc.). To 

evaluate the effects of the nutritional 

paradigm on physical growth, body weights 

of animals with different experimental 

treatments and ages were noted. 

 

2.2.2. The undernourished group (UG) 

 

This group contained 6 adolescent male rats 

obtained from at least 4 different litters. The 

normal chow diet requirement was 

calculated by measuring the weekly food 

intake of a group of 6 pregnant control rats 

(200-250 g) over a 21-day period. The 

resulting average food intake for each week 

was the basal level used to calculate the 

food-intake percentage of the UG females. 

Thus, mothers were fed from gestational day 

6 (G6) to G12 with 50% (7.8 g) of the 

normal diet (5001 rodent Purina chow), from 

G13-G18 with 70% (10.9 g), and from G19-

G21 with 100% (15.6 g) of the same diet until 

parturition to avoid resorption of the fetus 

or cannibalism of pups by the dam. This 

protocol was chosen because neurogenesis 

in the brainstem and forebrain structures in 

the gustatory relays and afferent synaptic 

connectivity occur primarily from G16 to 

G21.29 At birth, prenatally undernourished 

newborns were nursed by two gestationally 

underfed dams, in one of which the main 

galactophorous ducts had been tied 

subcutaneously. To continue the neonatal 

underfeeding paradigm, these two lactating 

dams were interchanged every 12 h between 

litters on postnatal days (PDs) 1-24. This 

cross-fostering procedure minimizes the 

effects on the newborns of maternal sensory 

deprivation that may affect behavioral 

development. In all cases, four female and 

four male pups made up a litter for the 

neonatal feeding. Weaning was performed at 

PD 25. After this, the pups had free access to 

solid food (5001 rodent diet) until the flavor-

discrimination tests were performed. 

Animals from both experimental groups 

were weighed at PDs 1, 5, 10, 15, 20, and 25 

to evaluate the effects of dietary treatments 

on their physical development. 

 

2.3. Behavioral testing 

 

All food-preference tests were performed 

between 10:00 and 12:00 h in a sound-proof 

chamber illuminated with red light (60 W), 

maintained at 23 ± 2º C, and separated from 

the ambient noise of the main laboratory. 

The flavored food used to test the food 

preferences of experimental subjects was 

prepared as follows: cinnamon-flavored food 

contained powdered rodent rat chow (495 g) 

mixed with ground cinnamon (5 g); the 

cocoa-flavored diet contained powdered rat 

chow (490 g) mixed with unsweetened 

powdered cocoa (10 g). The behavioral tests 
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to two flavors were carried out with a minor 

modification of the procedure previously 

described for young and adult rats to a single 

flavor.24 A total of 12 adolescent male 

subjects was used, including control (n=6) 

and undernourished (n=6) adolescent male 

subjects.30 On PDs 33 and 34 experimental 

rats were exposed to the testing cage over a 

20-min span for adaptation. We evaluated if 

perinatally underfed adolescent male rats 

between PDs 35 to 38 showed deficiencies in 

the ability to transfer food-flavor preferences 

from a DEM rat to an OBS subject. The DEM 

rat was defined as a single subject given 

access to two flavored foods in a plastic 

translucent cage (31 x 23 x 16.5 cm3) after 

that behavioral experience, the rat had a 

social encounter (30 min) with an OBS rat 

allowing transfer of the acquired food 

experience information to the OBS subject.24 

On PDs 35, 36 and 37 and prior to food 

preference testing the DEM control and 

underfed rats were deprived of food for 23 h 

to motivate feeding. In all cases, a pair of 

subjects of the same dietary condition, one 

DEM and one OBS was exposed to the test. 

 On the first two days of a food-

preference tests (1 h each) the frequency of 

visits to the food, the amount of food 

ingested (g), and the frequency of self-

grooming by a single DEM control or 

underfed rat were scored. On the third day a 

DEM control or underfed rat was tested (1 

h) in the presence of an OBS control or 

underfed rat placed at a distance of 7 cm in a 

translucent plastic cage (31 x 23 x 16.5 cm3), 

and the DEM rat´s frequency of visits and 

food consumption were noted. Moreover, 

the frequencies of the OBS sights directed to 

the DEM and of OBS self-grooming were 

also measured. 

 In order to permit the OBS to obtain 

direct sensory information (gustatory, visual, 

auditory, olfactory, tactile, etc.) from the 

DEM on the same third day of testing, there 

was a 30-min social encounter between a 

DEM and an OBS (DEM + OBS), either 

control or undernourished subjects, with 

each in a translucent plastic cage. Moreover, 

during this social encounter the frequencies 

of head contacts and sniffing of the snout 

elicited by the DEM and the frequency of 

self-grooming observed in the OBS were also 

evaluated. These measurements reflect the 

social interaction between pairs of rats, as 

previously described.24 Finally, on the fourth 

day of social learning of food preferences 

testing the behavioral responses including the 

frequency of visits, food consumption, and 

self-grooming of an OBS underfed or control 

were evaluated for 1 h (Figure 1). Because 

the self-grooming performance is a measure 

of level of the novelty and emotion in 

underfed rats that may be influenced by 

different environmental contexts, the 

expression of this behavioral parameter was 

evaluated along the different days of testing.31 

 

2.4. Statistical analysis 

 

Experimental measurements were compared 

with the Statistical Package version 6. To 

compare score differences between ages, 

dietary treatments and flavored-food 

exposures, the following separate statistical 

analyses were used: a) body weight scores of 

pups from birth to weaning were compared 

in a two-way ANOVA, 2(nutritional regimes) 

with repeated measures in one factor x 

6(ages); b) the DEM rats´ frequency of visits 

on days 1, 2, and 3 of testing were compared 

with a three-way ANOVA, 2(nutritional 

treatments) x 2(flavored foods) x 3(days of 

testing); additionally in the OBS rats, score 

differences were compared with a two-way 

ANOVA, 2(nutritional regimes) x 2(flavored 

foods); c) food consumption on days 1 and 3 

of the DEM and on day 4 of the OBS, were 

compared with a two-way ANOVA, 

2(nutritional regimes) x 2(flavored foods); d) 

frequency of sights, self-grooming, head 

contacts, and social sniffing by the OBS 

subjects before and during the social 

encounter were analyzed with a one-way 

ANOVA 2(nutritional treatments). Statistical 

comparisons between groups over time 

were made using the Fisher LSD post hoc 

test. The threshold for significance was set at 

p < 0.05. 
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Figure 1. Scheme of the experimental paradigm used. DEM and OBS indicate subjects involved in the test; 

circled numbers indicate, 1) cocoa-flavored food; 2) cinnamon-flavored food. Interrupted arrow indicates 

the direction of searching information by the OBS. 

 

3. Results 

 

3.1. Body weight effects 

 

The ANOVA comparisons indicated 

significant body weight reductions of rats 

associated with diet, F (1, 35) = 37.55, p < 

0.0001; and with age, F (5, 175) = 638.69, p < 

0.0001, and a significant interaction diet x 

age, F (5, 175) = 8.39, p < 0.0001. Post hoc 

comparisons at each developmental age 

showed a significantly (p < 0.05) lower body 

weight in the UG rats at PDs 10, 15, 20, and 

25 compared to the CG subjects (Table 1). 

The data indicated that the 

undernourishment paradigm consistently 

interfered with the physical growth of the 

UG animals during this period of life. 

 

3.2. Behavioral testing effects 

 

The frequencies of visits to the cocoa and 

cinnamon flavors in the DEM underfed vs. 

control subjects were not significantly 

different. However, there was a significant 

reduction over time with higher frequency 

on day 1 and with a progressive decline on 

test days 2, and 3, F(2, 20) = 14.20, p < 

0.001, (Fig. 2A). It seems clear that a 

progressive loss of interest is expressed in 

both DEM control and undernourished 

animals. The cumulative effects (Total) of 

undernutrition significantly reduced the 

average number of visits only to the 

cinnamon-flavored food, F (1, 10) = 7.55, p < 

0.020, (Figure 2B). The DEM groups UG and 

CG did not differ in their consumption of the 

flavored foods, F (1, 10) = 2.947, p = 0.116, 
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(Figure 2C) or their frequency of self- grooming, F (1, 10) = 0.09, p = 0.760. 

 

 
Table 1. Mean values ± SEM of body weight (g) in CG and UG rats (n= 6/group) during development. 

Age (days) 
Groups  

CG UG p < 

1 6.67 ± 0.11 5.83 ± 0.10 NS 

5 10.59 ± 0.14 8.05 ± 0.28 NS 

10 20.36 ± 1.17 14.11 ± 0.39 * 

15 25.15 ± 1.34 20.00 ± 0.72 * 

20 36.66 ± 1.61 25.75 ± 1.13 * 

25 53.15±2.39 45.28±1.23 * 

Factor df F p < 

(A) Diet 1, 35 37.55 0.0001 

(B) Age 5, 175 638.69 0.0001 

A x B 5, 175 8.39 0.0001 

NS, Non-significant differences. *p <0.05, Fisher LSD test. 

 

 

 
 

Figure 2. (A) Mean frequency ± SEM of visits to the food (cocoa and cinnamon) during the initial 3 days of 

food-preference tests in the DEM subjects (CG and UG). (B) Mean cumulative effects of undernutrition 

along the days of testing. *Significant difference between DEM groups CG and UG in visits to cinnamon, p < 

0.05; (C) Mean ± SEM on day 1 of food consumption by DEM groups CG and UG. 

 

 

On the third day of testing and before the 

social encounter, the one-way ANOVA 

showed a decreased frequency of sights of 

the OBS underfed directed to a DEM control 

subject, F(1, 10) = 5.66, p < 0.038, (Figure 

3A). Additionally, the self-grooming 



Fernández et al., 7             Revista eNeurobiología 6(13):06102015, 2015 

frequency increased significantly in the OBS 

underfed rats compared with the OBS 

control subjects, F(1, 10) = 7.36, p < 0.021, 

(Figure 3B). During the social encounter 

there were significantly more head contacts 

by the OBS underfed directed to the head of 

the DEM partner, F(1, 10) = 5.03, p < 0.048, 

(Figure 3C) and the frequency of the snout 

sniffing by of the OBS underfed directed to 

the snout of the DEM was significantly 

reduced, F(1, 10) = 19.56, p < 0.001, (Figure 

3D), but there were no significant differences 

between the OBS UG and CG animals in the 

frequency of self-grooming bouts, F(1, 10) = 

0.62, p= 0.447. After the social encounter on 

day 4 of testing, the frequency of visits 

between the OBS control and underfeed rats 

indicated, a significant increase in the 

preference for the cocoa-flavored food by 

the UG rats, F (1, 10) = 12.53, p < 0.005, 

(Figure 3E), with no differences between 

groups in the cinnamon food preference, and 

there was a significant interaction between 

flavor x diet factors, F (1, 10) = 23.72, p < 

0.006.

 

 
 
Figure 3. Before social encounter: (A) Mean frequency values of ± SEM of sights by an OBS control or 

underfed directed to one DEM subject (CG or UG); (B) Mean frequency of self-grooming bouts in OBS 

subjects, CG vs. UG rats. During social encounter: (C) Mean frequency values ± SEM of head contacts; and 

(D) Snout sniffing values between the animals, OBS (CG vs. UG). After the social encounter: (E) Frequency 

of visits by OBS subjects (CG and UG) to the flavored food. *Significant differences associated with the 

dietary group, p < 0.05. 

 

On day 3 of testing consumption of the two-

flavored foods did not differ significantly 

between the DEM control and underfed rats. 

However, when the CG and UG cinnamon 

food consumption vs. with the CG and UG 

cocoa food consumption, consumption of 

cinnamon-flavored food was significantly 

greater, F(1, 10) = 5.02, p < 0.048, with no 

interaction between factors, (Figure 4A). 

Furthermore, in the UG rats on day 4 of the 

test cocoa-flavored food consumption 

decreased but cinnamon-flavored food 

consumption increased significantly, F (1, 10) 

= 12.53, p < 0.005, and a significant 

interaction between the flavored food x diet, 

F (1, 10) = 23.72, p < 0.006 was observed, 

(Figure 4B). The frequencies of self-grooming 

bouts did not differ significantly between the 

CG and UG rats, F (1, 10) = 0.12, p = 0.727. 

 

4. Discussion 

 

The present findings indicate that pre- and 

neonatal undernutrition interferes with the 

physical development of the UG animals 

including their body weight. These alterations 

are consistent with earlier reports, 

suggesting that a number of factors, such as 
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the abnormal structure and function of the 

placenta and the altered mother-litter 

interactions, reduced the physical contacts 

and the licking of the pups. Moreover, 

undernutrition, disrupts the release of 

various hormones and growth factors that 

promote body and brain synaptic 

development, which constitutes evidence of 

the noxious effects of perinatal food 

restriction.32-35 

The frequency of visits to the cocoa 

or cinnamon flavors in the DEM underfed vs. 

the DEM control subjects along the days of 

testing was not significantly different. 

However, these frequencies were high on 

day 1, and they progressively declined on the 

second and third days of testing, suggesting a 

reduced attentiveness to sensory cues, 

including food, in both the DEM control and 

undernourished animals; the cumulative 

effects of undernutrition with increasing age 

(Total) caused a significant reduction in visits 

(p < 0.05) only to the cinnamon-flavored 

food. These findings showed that the 

attentive brain processes taking place in the 

telencephalic structures while visiting the 

food were present in both the DEM control 

and underfed rats, with significant decreases 

in the UG subjects in response to the 

cinnamon flavor. These effects are in line 

with studies suggesting that early 

undernutrition interferes with brain 

organization and causes abnormal synaptic 

plasticity and function of brain areas related 

to attentiveness, visuo-spatial learning, 

exploratory activity, and social cognitive 

responsiveness that may affect food 

preferences.5,10,35-38 

 

 
Figure 4. (A) Mean ± SEM food consumption (cocoa and cinnamon) on day 3 of testing in the DEM subjects 

(CG vs. UG). (B) Mean ± SEM food-consumption on day 4 of testing in OBS groups (CG vs. UG). *Significant 

differences between dietary groups, p < 0.05. Note the increased cinnamon consumption in the OBS UG 

rats. 

 

The data obtained on the third day of tests 

showed that the number of sights of OBS 

control subjects directed to the DEM rat was 

significantly increased, while the result was 

opposite for interactions of an OBS underfed 

with a DEM animal. Furthermore, in the OBS 

UG group the frequency of self-grooming 

bouts was consistently increased, possibly 

because of the novel cage environment 

during the test. These results are consistent 

with previous studies showing that early 

undernutrition results in poor environmental 



Fernández et al., 9             Revista eNeurobiología 6(13):06102015, 2015 

exploration and increased self-grooming 

activity, which may be due to impaired 

development of cognitive networks; this may 

include a reduction in the number of granule 

cells that inhibit cortico-subcortical brain 

mechanisms taking place early in life as 

previously described.36,39-42 

 Another point of interest concerns 

the behavioral interactions between the DEM 

and OBS subjects during the social learning 

between the subjects. The data showed that 

in OBS the UG rats significantly increased 

the head contacts, but they reduced the 

frequency of the snout sniffing directed to 

the DEM animals when searching for 

olfactory and gustatory food fragments, 

thereby reducing the opportunity to transfer 

sensory information to the DEM partner;24 

however, the current findings could be 

related to the effects of early food restriction 

as a relevant stressor that interferes with the 

synaptic organization of cognitive brain areas 

and the increased glucocorticoid release that 

reprograms the HPA axis of the newborn 

resulting, at later ages, in non-adaptive social 

behaviors.43,44 

 Measurements of food consumption 

used to determine preference for cocoa or 

cinnamon in DEM control and underfed rats 

did not indicate significant differences. 

However, on day 3 of testing, both the CG 

and UG experimental groups showed a non-

significant increase preference for the 

cinnamon flavor between them (Figure 4A). 

The effects of OBS undernutrition on the 

underfed significantly increased their 

preference for the cinnamon flavor with no 

significant effect for the control subjects 

(Figure 4B). Several anatomical studies using 

this underfeeding paradigm or specific brain 

lesions have shown significantly reduced 

dendritic arborizations and spine density, 

with a significant decrease in the perimeter 

and cross-sectional area of the neuronal 

perikarya at different levels of the gustatory 

pathway, that may disrupt the activation of 

different neurons related to the 

spatiotemporal patterns of cinnamon 

stimulation, resulting in altered cognitive 

processes.14,45 In type two diabetes patients, 

the cinnamon sweet preference threshold as 

in UG subjects may be increased, because 

the subcortical ascending information is 

reduced and therefore less able to activate a 

cortical inhibitory mechanism that modulates 

the preference for sweet food.15 These 

findings could be also related to the long-

term influence of perinatal undernutrition 

that results in motor hyperactivity and in 

delayed maturation of the olfactory 

glomeruli, the mitral cell, and the 

hippocampal dentate gyrus in the UG rats; 

these deficits interfere with the social 

learning of food preferences to the partner 

of both the olfactory and gustatory 

preference.46,47 However, further studies are 

needed to investigate the extent to which 

the anatomical changes associated with early 

undernutrition are reversible, and to study 

the possible functional influence of the 

synaptic alterations at different sensory 

relays underlying food-preference ability. 

These findings suggest that early 

undernutrition disrupts the rat´s ability to 

social learning of food preference to a 

partner during the adolescent stage. 

 

5. Conclusions 

 

The present data indicate that before the 

social encounter the DEM control visits the 

cinnamon flavor more often than the DEM 

underfed without preference for both 

flavors. During the encounter on test day 3 

the OBS underfed give more head contacts 

explored and sniffed the snout of the partner 

less often. However, on day 3 of testing, 

both the CG and UG experimental groups 

showed a non-significant increase preference 

for the cinnamon flavor between them. The 

effects of undernutrition on the OBS 

underfed on day 4 significantly increased 

their preference for the cinnamon flavor with 

no significant effect for the CG subjects. The 

findings suggest that early undernutrition 

disrupts the rat´s ability to transfer the flavor 

preference to a partner during the 

adolescent stage. 
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