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Figure 4. Sensory ratings of treated and 
control foods *p<0.04.

Iron deficiency anemia (IDA) remains one of the most 
common, yet treatable, nutrition-related health 
problems in developing countries.1 Lucky Iron Fish 
(LIF), a new approach to IDA remediation, is used to 
fortify food with iron. When boiled in acidified water for 
10 minutes, the LIF releases iron into the water.  
Subsequently, the food absorbs the iron from the iron-
enriched water, increasing its iron content. Consuming 
food prepared with LIF substantially contributes to 
overall daily iron requirements.2

To effectively use LIF, water must be acidified to an 
optimal pH (4.0). Fruits such as lemons and limes are 
commonly used, but these resources are not always 
available.  Therefore, it is important to identify regional 
foods that can be used for the purpose of acidification. 
The goal of this study was to test tamarind as a 
potential acidifying agent to be used with LIF and its 
subsequent effect on taste acceptability of food. 
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Discussion

Hypothesis 2:
• Tap water (1 liter) was brought to a boil, tamarind 

aliquots (5.11 g, 7.14 g, 9.1 g,11.1 g, 15.4 g) were 
added to beakers, and boiled for 10 minutes (in 
triplicate). 

• One LIF was added to each beaker, boiled for 10 
minutes, water samples were taken and cooled.

• Total iron was measured using an open vessel 
digestion system and ICP-AES (Inductively Coupled 
Plasma-Atomic Emission Spectroscopy) using the 
PerkinElmer 8300 ICP-AES. 
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Study Hypotheses
1. Tamarind significantly impacts pH when boiled in water.
2. Tamarind significantly effects iron release from Lucky Iron 

Fish.
3. Foods cooked in tamarind-acidified, iron-fortified water 

will increase in iron content without altering taste.

Methods
Hypothesis 1: 
• Materials were washed with distilled water.
• pH of tap water was measured, serving as a control.
• Tamarind was cut, measured and weighed.
• One-liter beakers of tap water were brought to a boil, 

tamarind aliquots (5.11 g, 7.14 g, 9.1 g,11.1 g, 15.4 g) were 
added to beakers and boiled for 10 minutes (in triplicate), . 

• Water samples were taken, cooled, and pH measured.
• Aqueous pH was determined using a Thermo Scientific 

Orion Star 211 pH meter with a combination electrode.
• pH value for varying amounts of tamarind was recorded.

Hypothesis 3:
• Black beans and rice were prepared with either 

tamarind-acidified, iron-fortified water or tap water.
• Food samples were randomized and presented to 

subjects.
• Subjects rated foods on the basis of taste, texture, and 

overall liking.

* Funding provided by College of Arts and Sciences Summer Undergraduate Research Awards
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Hypothesis 1. Tamarind significantly impacts pH 
when boiled in water.
Hypothesis 2. Tamarind significantly effects iron 
release from Lucky Iron Fish.
This study identified a local, sustainable food that 
effectively lowers pH, facilitating the release of iron 
from LIF. 

Hypothesis 3. Foods cooked in tamarind-acidified, 
iron-fortified water will increase in iron content 
without altering taste. 
It is evident that food prepared in tamarind-acidified, 
iron-fortified water effectively increases the iron 
content of beans and rice. This is extremely 
important in that it contributes to overall daily iron 
intake in a country with high prevalence of iron 
deficiency anemia. Most importantly, LIF last for 5 
years, providing entire families with higher daily 
intakes of iron.
Sensory evaluation results were somewhat 
compromised due to the unexpected effect of water 
acidification on the texture of food. As such, it was 
difficult to ascertain if subjects responded to texture 
differences rather than taste discrimination. However, 
subjects rated foods similarly in response to like vs. 
dislike. Addressing the effect of acidified water on 
food textures needs to be addressed in future 
studies. 

Figure 1. Effect of tamarind by weight (g) 
on pH of water (F1,28= 5.99, *p<0.02). 
Different letters indicate significant 
differences in means.

Figure 2. Effect of tamarind by weight (g) on 
total iron released from LIF (F4,10 = 5.91, 
*p<0.01). 

Figure 3. Total iron content of treated and 
control beans (t-value = -6.62, *p<0.0002), 
and rice (t-value = 7.36, *p<0.0001).

• At pH 4, tamarind (> 9 g) 
effectively facilitates the release 
of iron from LIF. 

• As the amount of tamarind used 
for acidification increases, total 
iron release from LIF increases in 
a linear fashion. 

• Cooking beans and rice with 
tamarind-acidified, iron fortified 
water significantly increases iron 
content when compared to foods 
prepared with tap water.

• Average iron content of fortified 
beans was 18.80 ug/g vs. 9.54 ug/g 
in control beans. 

• Average iron content of fortified rice 
was 17.70 ug/g vs. 7.07 ug/g in 
control rice.  

• Significant differences were detected 
between fortified and control foods.

• Preference favored fortified rice over 
control.

• Preference favored control beans over 
fortified.

• Tamarind is an effective acidifier; 
small amounts are need to lower 
pH of one liter of water to a 
critical value of 4.0.

• With increased amounts of 
tamarind used for acidification, 
trends show a corresponding 
increase in pH.
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When using a LIF to enrich the iron content of food, water 
acidification is an important consideration as it enhances 
the release of iron and subsequent absorption into the food. 
Acidifying agents must be both accessible and affordable, 
both of which can be challenges in Guatemala. Studies such 
as this should be conducted in other regions of the world 
with high prevalence of IDA to identify culturally appropriate 
foods that serve as acidifying agents. 

Conclusions


