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SUMMARY

The current study aimed to compare the
short-term effects of processed versus unprocessed
food on spatial learning and survival in zebrafish
(Danio rerio). Given public concern regarding
processed foods, the results of the current study can
inform consumer decision-making. We hypothesized
that an unprocessed diet would improve learning
and survival. Zebrafish were randomly assigned
to a diet of brine shrimp flakes (processed) or live
brine shrimp (unprocessed). Spatial learning was
evaluated throughout the study by recording fish
decisions (correct vs. incorrect) and time taken for
decision. Our results show no statistically significant
difference in the proportion of correct decisions or in
the time taken to make decisions when the groups are
compared. Notably, fish receiving unprocessed food
had significantly lower mortality than those receiving
processed food (p = 0.027). We concluded that while
the zebrafish make progressively better and faster
decisions, diet type does not contribute to improved
learning. However, consumption of unprocessed diet
may have survival benefits in stressful environments.
Future studies may further analyze this association,
utilizing larger sample size and longer study duration
to clearly assess the effects of long-term exposure
to an unprocessed vs. raw unprocessed diet on
learning. While it is an association that needs further
evaluation, the current study indicates the potential
benefits of an unprocessed diet in coping with stress.
Considering that zebrafish are effective models of
human cognition, this has implications for human
consumption of processed vs. unprocessed foods as
well.
INTRODUCTION
The scientific community has extensively studied the
impacts of processed foods on human health (1). Studies
have found that the consumption of processed foods could
potentially have an adverse effect on the human brain by
lowering cognitive abilities such as memory, executive
function, and intelligence quotient (2, 3). Past analyses have
also indicated that, among mice, fatty and processed foods
can increase the risk of dementia by preventing neurons from
responding to the hormone insulin (4).
Food processing transforms raw foods and materials

into more easily consumable products (5). Specifically, food
processing exposes foods to extreme heat, light, or oxygen.
Due to this process, the nutritional value of processed foods
is significantly reduced compared to raw, unprocessed foods
(5). Nutrients such as omega-3 fatty acids are an important
component of all human cell membranes (6). Compared to
unprocessed foods, processed foods tend to have significantly
higher omega-6 to omega-3 fatty acid ratios, meaning they
have proportionally lower amounts of the healthier omega-3
fatty acids (7). Omega-3 fatty acids have also been shown to
improve learning and memory and mitigate the risk of mental
disorders, such as depression (8).
Zebrafish (Danio rerio) are an ideal animal model with
which to study cognition, given their physiological similarities
to humans (9). Specifically, the functions of the amygdala
and habenula in informing affective behavior in zebrafish
are similar in humans (10). The amygdala and habenula
both are components of the reward brain circuit, something
that was directly assessed in our study with the punishing
vs. rewarding arms of the bifurcated T-maze (11). Zebrafish
exhibit similar cognitive tendencies to those of mice, which are
the traditionally utilized model for human cognition (12). For
instance, in the conditional place preference test, zebrafish,
like mice, demonstrate preference for a location associated
with a certain substance or reward (13). However, zebrafish
are a preferable animal model given their cost-effectiveness
(14). Other studies using zebrafish to assess cognition have
utilized a bifurcated T-maze with a punitive and rewarding
arm, or similar techniques (15,16,17). The bifurcated T-maze
is a validated tool to assess the spatial learning ability of
zebrafish, as it assesses the ability of the fish to recall
color-based association of a certain location with a reward
(15,18,19). The maze structure is simple—the fish is initially
positioned in the longest arm of the T-maze and has two path
options. The fish is punished if it takes one path, or rewarded
if it takes the other. Earlier studies have indicated that a highfat diet can contribute to reduced cognition among zebrafish
(18, 20,21). Specifically, fish receiving a comparatively higherfat diet exhibited significantly worse performance in the
active avoidance test (an indicator of short-term learning and
memory) (18). However, there is limited data on the effects of
processed foods on the cognitive abilities of zebrafish.
Our study assessed the effects of processed versus
unprocessed food diet on the spatial learning ability and
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Table 1. Inter-tank analysis of the proportion of subjects who chose the rewarding arm and time taken to choose. CI: Confidence
Interval; SD: Standard Deviation. Time values are reported as the mean±SD.

Phase I Learning
Assessment

Phase II Learning
Assessment

Proportion of Rewarding Decisions
(%)

Unprocessed
Diet

Processed Diet

Odds Ratio (95%
CI)

p-value

36.73

34.04

1.13
(0.49-1.4)

0.78

Time Taken to
42.4±21.6
Make the Rewarding Decision (sec.)

58.9±49.2

Proportion of Rewarding Decisions
(%)

75.61

60.61

Time Taken to
36.3±40.6
Make the Rewarding Decision (sec.)
mortality of zebrafish. To assess learning, we recorded
whether fish chose the correct (right) arm of the bifurcated
T-maze and the time taken to make this decision for each
learning assessment in the maze. In addition to assessing
learning, we also observed a statistically significant
difference in mortality among fish receiving processed versus
unprocessed diets. We utilized a crossover design to robustly
assess the effect of diet on spatial learning, distinct from past

20.1±19

0.23

0.5
(0.18-1.35)

0.17

0.11

studies. In other words, the two groups of fish were exposed
to both processed and unprocessed diets. We hypothesized
that the group of zebrafish that were fed an unprocessed diet
would exhibit superior learning abilities and better survival.
Ultimately, we found that most fish, regardless of diet,
tended to learn to make the correct decisions in the maze
by the end of the study. Yet, fish receiving the unprocessed,
unprocessed diet exhibited a lower mortality rate, indicating

Figure 1. Flow chart depicting the study procedures, timeline, treatment arms, and subjects during each phase. The study began with
112 subjects randomized to Tanks One and Two. Both tanks received a both processed flake food and live shrimp diet. In Phase I, Tank One
received live brine shrimp while Tank Two received processed shrimp flakes. After completing learning assessments and a washout period,
Phase II of the study began. In Phase II, the fish switched diets and the same assessment process was repeated.
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Table 2. Intra-tank analysis (Phase I vs. Phase II) of proportion of subjects who chose the rewarding arm and time taken to
choose. Tank One received an unprocessed diet in Phase I and a processed diet in Phase II. Tank Two received a processed diet in Phase
I and an unprocessed diet in Phase II. CI: Confidence Interval; SD: Standard Deviation. Time values are reported as the mean±SD.

Time Taken to Make a Rewarding
Decision (sec.)

Proportion of Rewarding Decisions (%)

Phase I
Phase II
p-value
Learning
Learning
Assessment Assessment

Phase I
Phase II
Odds Ratio
Learning
Learning
(95% CI)
Assessment Assessment

p-value

Tank One

42.4±21.6

20.1±19

0.0009

36.73

75.61

75.61

0.0002

Tank Two

58.9±49.2

36.3±40.6

0.15

34.04

60.61

60.61

0.02

potential health benefits of unprocessed foods in coping with
stressful environments among zebrafish.
RESULTS
In this randomized blinded study with a crossover
design, two groups of zebrafish experienced interventions
and assessments to determine their cognitive ability while
consuming different types of food supplements. Tank One
received an unprocessed diet of live brine shrimp for Phase
I of the study (Figure 2A). Tank Two received a processed
brine shrimp diet. The two tanks switched diets in Phase II
of the study (Figure 1). In Phase I of the study, we colored

Figure 2. Study components, including bifurcated T-Maze and
live brine shrimp hatchery. (A) Image of the live brine shrimp
hatchery and feeder that were used for feeding an unprocessed diet
to the fish during the study. (B) T-maze used during the Phase I
learning assessments (right arm is green); one of the study subjects
is seen swimming up the long arm of the T-maze. (C) The T-maze
during the Phase II assessments (right arm is red) with one of the
short arms attached to a bowl (location of the rewarding experience).

the right arm of the T-maze connecting to the fishbowl green
and the left arm red (Figure 2B). In Phase II of the study,
we colored the right arm red, and the left arm green (Figure
2C). In both phases, if the fish chose the right-side arm, it
was rewarded by being allowed to remain in the comfortable
fishbowl environment. If the fish chose the left-side arm,
the behavior was discouraged by placing a rod in the maze
and vigorously swirling the water surrounding the fish. The
change in the color of the T-maze arms allowed the second
baseline assessment and intervention to be unique from the
first baseline assessment and mitigate the effect of learning
acquired during Phase I for both study groups.
Among 112 study subjects, 84 completed Phase I (75%),
while 74 fish completed both phases of the study (66.1%,
Figure 1). The remaining 38 fish (33.9%) did not survive
until the end of the study. Overall trends for the study cohort

Figure 3. Bar chart showing the mean time taken (seconds)
by the subjects to choose either arm during the various
assessments in the study. All t-test comparisons with the first
assessment were statistically significant (*** p < 0.001, ** p < 0.01).
In Phase I of the study, Tank One received an unprocessed diet and
Tank Two received a processed diet. In Phase II, Tank One received
a processed diet while Tank Two received an unprocessed diet.
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Figure 4. Bar chart depicting the proportion of fish in both tanks
that choose the red or green arm during T-maze assessments.
The proportions for each assessment were calculated by combining
data from both tanks. Statistically significant results of the chisquare goodness of fit test are indicated (*** p < 0.001, ** p < 0.01).
A statistically significant deviance from expected proportions of
fish choosing each arm was not observed in the Phase I baseline
assessment.

indicated that irrespective of the diet, the subjects made
progressively faster decisions with a reduction in the time
to choose either of the arms in both groups (Figure 3). For
each tank individually, we made three T-test comparisons
of time taken to make a decision in the maze: Phase I
baseline vs. Phase I learning assessment, Phase I baseline
vs. Phase II baseline, and Phase I baseline vs. Phase II
learning assessment. For both tanks, all T-test comparisons
with the Phase I baseline assessment achieved statistical
significance (p < 0.01) (Figure 3). Regardless of diet, the fish
got progressively faster in making decisions in the maze.
Inter-Tank Analysis
Overall, the type of diet did not have a statistically
significant association with the proportion of subjects
choosing the rewarding arm during learning assessments in
Phase I (Chi-Square test, p = 0.78) or in Phase II (Chi-Square
test, p = 0.17, Table 1). Similarly, the time taken to choose an
arm did not differ between the subjects on unprocessed food
versus processed food in Phase I (t-test, p = 0.23, Table 1) or
in Phase II (t-test, p = 0.11, Table 1).
During the intra-group comparisons, the proportion of
subjects that chose the rewarding arm and the time taken to
make the choice exhibited statistically significant differences
between Phases I and II.
In comparing the learning assessments for Tank One
between Phase I (unprocessed diet) and II (processed diet),
the time taken to choose the rewarding arm decreased
significantly between the two phases (t-test, p = 0.0009,
Table 2). In addition, the proportion of subjects choosing the
rewarding arm also increased significantly between the two
phases (Chi-Square test, p = 0.0002, Table 2). Similarly, the
proportion of subjects choosing the rewarding arm in Tank Two
also significantly increased between Phase I (processed diet)

Figure 5. Bar chart showing mortality rate for fish in both
tanks across Phases I and II. T-test comparisons of mortality rate
between fish receiving an unprocessed and processed diet in each
phase (* p < 0.05). Statistical significance was not observed in the
t-test comparison for Phase II.

and II (unprocessed diet) (Chi-Square test, p = 0.02, Table
2). Finally, the time taken to choose the rewarding arm was
again lower during Phase II, but it did not achieve statistical
significance (t-test, p = 0.15, Table 2). One interesting
result was that irrespective of whether it was the punitive or
rewarding arm, a higher proportion of fish, regardless of diet,
consistently chose the red-colored arm over the course of the
study (Figure 4). Upon conducting a chi-square goodness of
fit test, we found that the proportion of fish choosing the red
and green colored arms appears to deviate from expected
proportions in the Phase I learning (p = 0.004), Phase II
baseline (p = 0.0007), and Phase II learning assessments (p
= 0.001) (Figure 4).
Survival Rate Analysis
We noticed an association between the consumption of
unprocessed food, irrespective of the tank environment, and
overall lower risk of mortality during the study. There was a
23.2% mortality rate among fish receiving an unprocessed diet
compared with 44.6% among those receiving the processed
diet (OR: 95% CI: 2.7, 1.2-6.0; p = 0.027, Figure 5). There was
not an observed statistically significant difference in mortality
in Phase II. Hence, the primary cause of this overall observed
difference in the study was outcomes during Phase I. In
Tank One, mortality was 16.1% for fish in Tank One receiving
the unprocessed diet versus 33.9% for the fish in Tank Two
receiving the processed diet (OR: 95% CI: 2.7, 1.1-6.6; p =
0.048, Figure 5). However, mortality rates were comparable
among the groups during Phase II. We observed a 12.1%
mortality rate for fish in Tank One receiving the processed
diet and 12.8% for Tank Two receiving the unprocessed diet
(OR: 95%; CI: 1.2, 0.3-4.6; p = 1, Figure 5).
DISCUSSION
Within our study, the diet of the zebrafish did not affect
the number of correct decisions or the time it took to make
these decisions. We also saw that none of the inter-tank
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comparisons in either phase showed a statistically significant
difference in the proportion of correct decisions or the
decision time between the two groups fed different types of
food. Furthermore, irrespective of the diet, we observed a
statistically significant increase in the proportion of subjects
that chose the rewarding arm and a statistically significant
decrease in the time taken to make that choice. Overall, the
subjects became faster and improved in making decisions
with subsequent assessments irrespective of the type of food
in their diet. This effect could indicate an adaptive response
or a learned reflex (22). Baker et al. found that differences in
how zebrafish cope with stress (reactive vs. proactive coping
styles) can influence learning abilities and memory (16). The
increase in quickness with which fish made a decision may be
an adaptive response to the stresses of the T-maze.
While there is little in the literature regarding the effect
of processed versus unprocessed food on zebrafish learning
ability, past studies found associations between consumption
of unprocessed food and improved cognitive development
among children (23, 24). There could be several reasons for
the lack of impact of diet on learning abilities in our study, the
most pertinent of which appear to be the sample size and the
duration of the study. Due to funding and time constraints, we
designed the study as a pilot which likely left the study underpowered to show a statistically significant difference. The fish
had limited time to adjust to the conditions of the tank, which
may have contributed to the high mortality rate which reduced
our ability to demonstrate statistical significance.
Furthermore, we were forced to limit the data collection
period to 30 days, which led to relatively short durations
of the interventions (i.e., time period over which the fish
received each diet type)during each phase. This may have
limited the ability of diet to impact the learning abilities among
the subjects. A similar study published by Meguro et al.
assessed the effect of a high-fat diet on zebrafish learning.
The subjects were fed for a significantly longer period of 11
weeks (18). They observed significant impairment of cognitive
function, as measured by the active avoidance test. It is
possible that cognitive effects arising due to diet take longer
than the duration used in the current study to demonstrate
a difference. There is specific reasoning behind using such
long feeding periods in this category of research. Industrial
processing of foods can cause the removal of specific
nutrients crucial to brain function and overall health. It is
reasonable to conclude that fish need to be deprived of such
nutrients for a longer period of time before their effects can
be observed. Louzada et al. identified a significant decrease
in consumption of valuable micronutrients as consumption
of ultra-processed foods increased among a sample of the
Brazilian population (25). These micronutrients included
vitamin B12, vitamin D, vitamin E, niacin, pyridoxine, copper,
iron, phosphorus, magnesium, selenium, and zinc. Low
micronutrient consumption can have deleterious implications
for cognition in adults. Iron, for example, is a necessary
cofactor for crucial enzymes that are involved in the synthesis

of neurotransmitters (26). Magnesium deficiency may affect
enzymes involved in neuromuscular activity, such as ATPase
enzymes (27). Denniss et al. found in their double-blind
study that healthy adults receiving a multivitamin/vitamin D
intervention exhibited significant improvement of cognitive
tasks assessing memory, visuomotor processing speed, and
motor planning (28). The deficiency of these crucial vitamins
necessary for normal brain function takes time to occur and
show its impacts on brain function and therefore may not be
visible in a study with short duration.
Intriguingly, we found an association between consumption
of an unprocessed diet and overall lower mortality among the
zebrafish. While this difference was statistically significant for
the overall duration of the study, it is noteworthy that most
of the deaths occurred during the first phase of the study.
This may have been driven by the increased stress of a new
environment, study interventions, and subsequent evaluation.
Our work has shown that an unprocessed diet may be superior
to a processed diet by helping the subjects cope with stressful
situations.
Furthermore, the subjects on the unprocessed diet
subjectively appeared to be more active and healthier in
general, although we did not have objective assessments
to demonstrate this. These fish moved around the tank
with greater energy and speed (fish on the processed diet
appeared more lethargic) and were also more active during
assessments in the T-maze. The exteriors of these fish also
appeared relatively brighter and more colorful. Future studies
can further assess this through Body Condition Scoring, a
technique which considers the Body Mass Index of the fish
(29). Locomotor activity of the fish can also be measured by
tracking swimming behavior through metrics such as distance
traveled, speed, and total time mobile versus immobile (30). It
is pertinent that the difference in survival did not seem to be
driven by the tank environment, as the mortality rate among
both tanks was comparable in Phase II of the study, excluding
tank environment as a potential confounding factor with diet.
Serial assessments of water quality were conducted in both
tanks in order to ensure that the tank environments were
comparable throughout the duration of the study. We predicted
that the fish being fed an unprocessed diet would appear
more active and healthier overall. Yet, we did not anticipate
such a high difference in mortality, leading us to hypothesize
that an unprocessed diet can confer a survival advantage
in terms of coping with stressful situations. It is well known
that stress is a pro-inflammatory state and processed foods
can increase inflammation while an unprocessed diet may
have anti-inflammatory effects (31-34). This perhaps allowed
the subjects consuming an unprocessed diet to survive the
stress of the new environment. In an effort to parse out the
putative benefits of unprocessed food in coping with stress
situations, future studies may look at incorporating a ‘preexperimentation washout period’ where all the fish may be
treated with unprocessed food at the beginning of the study
for a few days before randomizing the fish into different study

Journal of Emerging Investigators • www.emerginginvestigators.org

18 SEPTEMBER 2022 | VOL 8 | 5

arms.
Another intriguing result observed in this study was the
higher proportion of fish, irrespective of diet, selecting the red
arm. The trend started in the baseline assessments during
Phase I itself with a progressive increase in the proportion of
subjects favoring the red arm in each subsequent assessment.
These trends were consistent enough to consider the
possibility of zebrafish having an innate preference for red
over other colors. While some studies indeed found that fish
may have an aversion to certain colors, these findings are not
consistent across different studies in the literature (35, 36).
Future studies may consider utilizing alternate visual stimuli
like vertical and horizontal lines when conducting cognitive
assessments.
The current study included both a punishing and rewarding
arm within the T-maze environment. Such a design does not
permit conclusions regarding the basis of a decision, which
limits our ability to discern differential effects of the diet. In
other words, it is not clear whether the fish learned to select
the rewarding arm out of a desire to avoid the aversive arm
or out of a desire to experience the comfortable environment
of the rewarding arm. Due to time and funding constraints,
we opted for this model as opposed to first assessing the
zebrafish response to the positive stimulus and then the
negative stimulus. Future studies assessing zebrafish diet
with a T-maze may consist of one rewarding arm and another
arm which offers neither punishment nor reward to the fish.
Alternatively, the maze could consist of one arm inflicting
a punishment and another offering neither punishment
nor reward. Future studies structured in this manner could
discern if certain regions of the brain controlling desire for
pleasure are affected differentially by diet compared to
regions controlling a desire to avoid punishment. Specifically,
the mesolimbic dopamine system mediates pleasure and
rewarding experiences, while the amygdala controls emotions
for fear and anxiety, and either of these systems may be more
sensitive to dietary changes (37, 38).
Finally, there may be lingering effects of certain diets
that may persist beyond the period that the fish were fed
a particular diet. It is indeed possible that the presence of
a crossover period in the current study may have led to
an interaction of the effects of second diet with that of the
initial diet received in the previous phase, thereby negating
any potential differences. Therefore, it may be advisable to
employ a non-crossover design in future studies. Notably,
both groups of fish also received processed flake food
during the ‘washout’ period prior to crossing over to the other
diet—this processed diet may have influenced the learning
observed during T-maze assessments in Phase II.
Future studies can build on our results by randomizing
larger groups of fish on different diets for longer periods of
time to more clearly assess how long-term exposure to certain
foods may influence learning ability. Future studies should
also further assess the potential benefits of an unprocessed
diet in coping with stressful situations in zebrafish. Ultimately,

although we did not observe a statistically significant difference
in learning capability between the two zebrafish groups, our
study design offers a novel approach to study the effect of diet
on zebrafish through spatial learning assessments.
MATERIALS AND METHODS
The Scientific Review Committee associated with the Dallas
Regional Science and Engineering Fair granted formal
approval for the use of vertebrate animals in this study.
The crossover study took place over a 30-day period and
consisted of two phases (Figure 1).
Study Population
All zebrafish (n=112) were obtained from a local pet
supplier (Pet Supplies Plus) and were received in the same
shipment the day before study initiation. All fish were in good
health when experimentation began. The fish were randomly
assigned to Tank One (n=56) or Tank Two (n=56). The tanks
were similar in size and shape, each with a 20-gallon capacity.
We placed the tanks in a room with a 13-hour light/11-hour
dark cycle and a room temperature of 23 °C. A Tetra® filter
was attached to both tanks. A brine shrimp hatchery/feeder
was attached to the side of Tank One (Figure 2A).
Study Procedures
The cognitive assessments were performed using a
bifurcated T-maze. The maze utilized in this study was
developed as per standard guidelines (dimensions: long arm
45.72 cm, short arms 30.48 cm, width of all arms 10.16 cm)
using plexiglass sheets. After allowing acclimatization for
48 hours in the new tanks for both groups, Phase I of the
study began. We conducted a baseline assessment and
intervention using the bifurcated T-maze (Figure 2B, 2C) in
a blinded fashion with the help of an assistant. All fish from
Tank One were transferred into the maze for one hour to allow
the fish to become acclimated to the T-maze environment
and reduce stress during the assessments. Next, all fish were
removed from the maze and kept in an intermediate holding
tank. Subsequently, each fish was individually placed into the
long arm of the maze. If, after 30 seconds, the fish did not
leave the long arm and select the red or green arm, the fish
was stimulated to move by gently tapping on the end of the
long arm twice. Once the fish chose one of the two shorter
arms, the time taken to do so was recorded. A 10.16 x 10.16
cm plexiglass sheet was placed behind the fish to prevent it
from leaving the chosen arm. If the fish chose the green, rightside arm, we rewarded the fish by allowing it to remain in the
comfortable fishbowl environment for several minutes before
returning to the tank (rewarding arm). If the fish chose the
red, left-side arm, the behavior was discouraged by swirling
the water surrounding the fish for 10 seconds while ensuring
not to hit the fish itself (punitive arm). We then placed the fish
back into its home tank. This protocol was followed for all fish
individually in both tanks on Day 2 of the study.
For the next 12 days, the fish in Tank One received a live
brine shrimp diet (purchased from Amazon) while fish in Tank
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Two received a diet of processed brine shrimp flakes (Cobalt
Aquatics). Then, we conducted a learning assessment using
the T-maze. The learning assessment consisted of the same
procedure as the baseline assessment on Day 2 of the study,
but we recorded the chosen arm and the time taken to make
a decision. Following this, both tanks were fed simple tropical
flake food consisting of a combination of processed nutrients
(Tetra®) for three days. This served as a washout period
before both groups crossed over to the other diet. After three
days, Phase II of the study began. We conducted a second
baseline assessment and intervention; however, the colors
of the left and right arms of the maze were switched (the
left-side arm of the maze was colored with green duct tape,
and the right-side arm of the maze was colored with red duct
tape). The change in the color of the T-maze arms was meant
to mitigate the effect of learning acquired during Phase I for
both study groups. Though the colors were switched, the left
arm of the maze remained the punishing arm, and the right
arm remained the rewarding arm. After the second baseline
assessment, the fish in Tank One received processed brine
shrimp flake food, and those in Tank Two received live brine
shrimp for 12 days. Then, a final learning assessment was
conducted using the same protocol as previous assessments.
Water Maintenance
We conducted water quality testing every two weeks for
the duration of the study per the manufacturer's specifications.
We utilized a water quality testing kit (API) to assess the
ammonia, nitrite, nitrate, and pH levels. If these levels were
found to be unacceptable (i.e., ammonia and nitrite levels
outside the range of 0-0.5 ppm, nitrate levels less than 40
ppm, or pH outside the range of 7.0-7.8), then we conducted
a water change of approximately 5 liters to maintain water
quality and prevent any adverse effects on the fish.
Statistical Analysis
We compared the proportion of fish that chose the
rewarding arm versus the punitive arm on the T-maze
using a Chi-Square test. We assessed the time taken to
choose an arm of the T-maze based upon fish diet using the
independent t-test. In addition, the proportion of fish choosing
the rewarding arm of the T-maze and the time taken to
choose the rewarding arm during the learning assessments
were compared between Phase I and Phase II for each tank.
Finally, the proportion of fish that chose the rewarding arms
and the time taken to make the choice during the baseline
and learning assessments between Tank One and Two
during each phase were compared. We considered statistical
significance at p < 0.05 (only two-tailed). We performed all
statistical analysis using Microsoft Excel.
ACKNOWLEDGMENTS
We would like to thank Mrs. Jennifer Martin, who
contributed to idea development and provided us with advice
and instructions every step of the way. Additionally, we would

like to thank Namrata and Amit Banga for providing financial
support and laboratory space.
Received: September 12, 2021
Accepted: May 16, 2022
Published: September 18, 2022
REFERENCES
1. Pagliai, G et al. “Consumption of Ultra-processed
Foods and Health Status: a Systematic Review and
Meta-analysis.” The British Journal of Nutrition, vol.
125, no. 3, Feb. 2021, pp. 308-318. doi:10.1017/
S0007114520002688.
2. Northstone, Kate et al. “Are Dietary Patterns in Childhood
Associated with IQ at 8 Years of Age? A Populationbased Cohort Study.” Journal of Epidemiology and
Community Health, vol. 66, no. 7, Feb. 2012, pp. 624-8.
doi:10.1136/jech.2010.111955.
3. Smithers, Lisa G et al. “Dietary Patterns at 6, 15 and
24 Months of age are associated with IQ at 8 years of
age.” European Journal of Epidemiology, vol. 27, no. 7,
Jul. 2012, pp. 525-35. doi:10.1007/s10654-012-9715-5.
4. Trivedi, Bijal. “Food for Thought: Eat Your Way to
Dementia.” New Scientist, 29 Aug. 2012, www.
newscientist.com/article/mg21528805-800-food-forthought-eat-your-way-to-dementia/. Accessed 12 Aug.
2021.
5. “Food Processing.” Johns Hopkins Bloomberg School
of Public Health, www.foodsystemprimer.org/foodprocessing/index.html. Accessed 21 Jul. 2021.
6. Średnicka-Tober, Dominika et al. “Composition
Differences between Unprocessed and Conventional
Meat: A Systematic Literature Review and Meta-Analysis.”
British Journal of Nutrition, vol. 115, no. 6, 16 Feb. 2016,
pp. 994–1011. doi:10.1017/S0007114515005073.
7. Hall, Kevin D. et al. “Ultra-Processed Diets Cause
Excess Calorie Intake and Weight Gain: An Inpatient
Randomized Controlled Trial of Ad Libitum Food Intake.”
Cell Metabolism, vol. 30, no. 1, 2 Jul. 2019, pp. 67-77.
doi:10.1016/j.cmet.2019.05.008.
8. “Are Unprocessed Foods Worth the Price?” Mayo Clinic,
Mayo Foundation for Medical Education and Research,
www.mayoclinic.org/healthy-lifestyle/nutrition-andh e a l t hy - e at i n g / i n - d e pt h /u n p r o c e s s e d - f o o d /a r t 20043880. Accessed 20 Jul. 2021.
9. Oliveira, Rui F. “Mind the Fish: Zebrafish as a Model
in Cognitive Social Neuroscience.” Frontiers in Neural
Circuits, 8 August 2013. doi:10.3389/fncir.2013.00131
10. Kalueff, Allan V. et al. “Zebrafish as an emerging
model for studying complex brain disorders.” Trends in
pharmacological sciences, vol. 35, no. 2, 9 Jan. 2014,
pp. 63-75. doi:10.1016/j.tips.2013.12.002
11. Markovic, Vladana et al. “Role of habenula and amygdala
dysfunction in Parkinson disease patients with punding.”
Neurology vol. 88, no. 23, 6 Jun. 2017, pp. 2207-2215.

Journal of Emerging Investigators • www.emerginginvestigators.org

18 SEPTEMBER 2022 | VOL 8 | 7

doi:10.1212/WNL.0000000000004012
12. Hölter, Sabine M et al. “Assessing Cognition in Mice.”
Current protocols in mouse biology vol. 5, no. 4, 2
Dec. 2015, pp. 331-358. doi:10.1002/9780470942390.
mo150068
13. Stewart, Adam Michael and Allan V. Kalueff. “The
Developing Utility of Zebrafish Models for Cognitive
Enhancers Research.” Current Neuropharmacology,
vol. 10, no. 3, 10 Sept. 2012, pp. 263-71.
doi:10.2174/157015912803217323
14. Choo, Brandon Kar Meng and Mohd. Farooq Shaikh.
"Zebrafish Model of Cognitive Dysfunction." Recent
Advances in Zebrafish Researches, 30 May 2018.
doi:10.5772/intechopen.74456
15. Ngoc Hieu, Bui Thi et al. “Development of a Modified
Three-Day T-maze Protocol for Evaluating Learning
and Memory Capacity of Adult Zebrafish.” International
Journal of Molecular Sciences, vol. 21, no. 4, 21 Feb.
2020. doi:10.3390/ijms21041464
16. Baker, Mathew R. and Ryan Y. Wong. “Contextual fear
learning and memory differ between stress coping styles
in zebrafish.” Nature Scientific Reports, 9 Jul. 2019. doi:
10.1038/s41598-019-46319-0
17. Levin, Edward D. “Zebrafish assessment of cognitive
improvement and anxiolysis: filling the gap between in
vitro and rodent models for drug development.” Reviews
in the neurosciences vol. 22, no. 1, 2011, pp. 75-84.
doi:10.1515/RNS.2011.009
18. Meguro, Shinichi et al. “High-Fat Diet Impairs Cognitive
Function of Zebrafish.” Scientific Reports, vol. 9, no. 1,
19 Nov. 2019. doi:10.1038/s41598-019-53634-z
19. Sherman, Barbara L. et al. “The Use of a T-maze to
Measure Cognitive-Motor Function in Cats (Felis catus).”
Journal of Veterinary Behavior, vol. 8, no. 1, Jan. 2013.
doi:10.1016/j.jveb.2012.03.001
20. Picolo, Victor L. et al. “Short-term high-fat diet
induces cognitive decline, aggression, and anxietylike behavior in adult zebrafish.” Progress in neuropsychopharmacology & biological psychiatry vol. 110,
Feb. 21 2021. doi:10.1016/j.pnpbp.2021.110288
21. Ghaddar, Batoul et al. “Impaired brain homeostasis and
neurogenesis in diet-induced overweight zebrafish: a
preventive role from A. borbonica extract.” Scientific
reports, vol. 10, no. 1, 2 Sep. 2020, doi:10.1038/s41598020-71402-2
22. Roberts, Adam C. et al. “Learning and Memory in
Zebrafish Larvae.” Neural Circuits, 2 Aug. 2013.
doi:10.3389/fncir.2013.00126
23. Spencer, Sarah J. et al. “Food for Thought: How Nutrition
Impacts Cognition and Emotion.” NPJ Science of Food,
vol. 1, no. 7, 6 Dec. 2017. doi:10.1038/s41538-017-0008-y
24. Julvez, Jordi et al. “Early Life Multiple Exposures and
Child Cognitive Function: A Multi-centric Birth Cohort
Study in Six European Countries.” Environmental
Pollution, 1 Sept. 2021, pp. 0269-7491. doi:10.1016/j.

envpol.2021.117404
25. Louzada, Maria Laura da Costa et al. “Impact of Ultraprocessed Foods on Micronutrient Content in the
Brazilian Diet.” Revista de saude publica vol. 49, 7 Aug.
2015. doi:10.1590/S0034-8910.2015049006211
26. Beard J. Iron. “Minerals and Trace Elements.” Present
Knowledge in Nutrition, edited by Barbara A Bowman
and Robert M Russell, 9th ed., vol. 1, ILSI Press, 2006,
pp. 430-444.
27. Brody Tom. “Inunprocessed Nutrients.” Nutritional
biochemistry, 2nd ed., San Diego: Academic Press,
1999, pp. 693-878.
28. Denniss, Rebecca J. et al. “Improvement in Cognition
Following Double-Blind Randomized Micronutrient
Interventions in the General Population.” Frontiers
in Behavioral Neuroscience, vol. 13, 28 May 2019.
Doi:10.3389/fnbeh.2019.00115
29. Clark, Tannia S. et al. “Body Condition Scoring for
Adult Zebrafish (Danio rerio).” Journal of the American
Association for Laboratory Animal Science, vol. 57, no.
6, 25 Oct. 2018, pp. 698–702. Doi:10.30802/AALASJAALAS-18-000045
30. Gupta, Pankaj et al. “Assessment of Locomotion
Behavior in Adult Zebrafish After Acute Exposure to
Different Pharmacological Reference Compounds.”
Drug Development and Therapeutics, vol. 5, no. 2, Jul.
2014. Doi:10.4103/2394-2002.139626
31. Liu Yun-Zi et al. “Inflammation: The Common Pathway
of Stress-Related Diseases.” Frontiers in Human
Neuroscience, vol. 316, no. 11, 20 Jun. 2017. Doi:10.3389/
fnhum.2017.00316
32. Lopez-Garcia, Esther et al. “Major Dietary Patterns
are Related to Plasma Concentrations of Markers
of Inflammation and Endothelial Dysfunction.” The
American Journal of Clinical Nutrition, vol. 80, no. 4, Oct.
2004, pp. 1029-35. Doi:10.1093/ajcn/80.4.1029
33. Kiecolt-Glaser, Janice K. “Stress, Food, and Inflammation:
Psychoneuroimmunology and Nutrition at the Cutting
Edge.” Psychosomatic Medicine, vol. 72, no. 4, 21 Apr.
2010, pp. 365-9. Doi:10.1097/PSY.0b013e3181dbf489
34. Huber, Machteld et al. “Effects of Unprocessedally and
Conventionally Produced Feed on Biomarkers of Health
in a Chicken Model.” The British Journal of Nutrition,
vol. 103, no. 5, Mar. 2010, pp. 663-76. Doi:10.1017/
S0007114509992236
35. Roy, Tamal et al. “Color Preferences Affect Learning in
Zebrafish, Danio rerio.” Scientific Reports, vol. 9, 31 Oct.
2016. doi:10.1038/s41598-019-51145-5
36. Avdesh, Avdesh et al. “Evaluation of Color Preference
in Zebrafish for Learning and Memory.” Journal of
Alzheimer's Disease, vol. 28, no. 2, 2012, pp. 459-69.
doi:10.3233/JAD-2011-110704
37. Baik, Ja-Hyun. “Stress and the Dopaminergic Reward
System.” Experimental & Molecular Medicine, vol. 52,
1 Dec. 2020, pp. 1879–1890. doi:10.1038/s12276-020-

Journal of Emerging Investigators • www.emerginginvestigators.org

18 SEPTEMBER 2022 | VOL 8 | 8

00532-4
38. Ressler, Kerry J. “Amygdala Activity, Fear, and Anxiety:
Modulation by Stress.” Biological Psychiatry, vol. 67, no.
12, 15 Jun. 2010. doi:10.1016/j.biopsych.2010.04.027
Copyright: © 2022 Banga and Dubey. All JEI articles
are distributed under the attribution non-commercial, no
derivative license (http://creativecommons.org/licenses/
by-nc-nd/3.0/). This means that anyone is free to share,
copy and distribute an unaltered article for non-commercial
purposes provided the original author and source is credited.

Journal of Emerging Investigators • www.emerginginvestigators.org

18 SEPTEMBER 2022 | VOL 8 | 9

