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Background Research and Hypotheses
Last year’s research project focused on the perception of sweetness and its relationship to glucose. Glucose concentration was measured in processed
and unprocessed, solid, viscous and liquid foods. The conclusion was reached that highly processed foods were sweeter, but contained less glucose than
natural, or less processed foods. This discrepancy was explained by relative sweetness of different sugars: fructose 170, sucrose 100, glucose 65,
galactose 60, maltose 30, and lactose 20. Highly processed foods with high amounts of fructose, sucrose, or artificial sweeteners are sweeter, but as per
research, have a higher contribution to obesity. Good vs bad carbs’ role in diet was discussed. In this year’s research project, new questions were raised.
In addition to determining glucose concentration, the concentrations of two other carbohydrates, sucrose and lactose, were measured in 6 solid, 6 viscous
and 6 liquid foods. The relative concentration of fructose was researched based on food carbohydrate labeling, the percentage of other carb, and literature
data. The metabolism of different food carbohydrates and their impact on specific food’s Glycemic Index (GI), Glycemic Load (GL), Food Insulin Index
(FII), and Carbohydrate Factor (CF) were researched, tabulated, and discussed. The effect of these values for people with diabetes was investigated. In
the process of researching carbohydrate metabolism, the study on diabetes management was conducted.
Glucose, the most abundant and most important monosaccharide, is found in honey and plants in its free state. It’s the only fuel used by brain cells and
red blood cells, it’s also an important source of energy for muscles and other tissues [6,7]; it scores the highest on GI (100) and FII (100) [3,4]. Fructose’s
natural sources are similar, it’s the sweetest and the most water-soluble of all natural carbs; it’s wildly commercially used in many foods and beverages, it
scores the lowest on the GI (19) and FII (21). Fructose and glucose form sucrose, which is known as table sugar; it’s extracted from sugar cane or sugar
beets, its GI and FII are fairly high, 68 and 75, respectively. During carb digestion, the enzyme sucrase (invertase) converts sucrose to glucose and
fructose [6,7,10]. Galactose is mainly found in dairy, avocados, and sugar beets [1,10]; it serves as a key energy source in newborns and is quickly
metabolized to glucose in the liver. Galactose and glucose form lactose, it’s found in dairy products, it has a fairly low GI (46), and moderate FII (50). It’s
converted back to glucose and galactose by the enzyme lactase [14]. Complex carbohydrates, such as starch, found in pasta, cereal, and potatoes, are
long chains of sugar molecules that are broken down by enzymes to simple sugars, such as glucose. Fiber carbohydrates are an indigestible part of food.
After meals high in glucose, sucrose or polysaccharides easily digestible to glucose, blood glucose level goes up. GI was first developed in 1981 by Prof.
David Jenkins to help determine which foods were best for diabetics; it’s a value based on how quickly and how high 50 mg of a particular food increases
blood glucose levels. Low food GI value of 55 or less indicates a lower and slower rise in blood glucose; medium GI is 55-69 and high GI – 70 and above.
Processed and longer cooked foods are easier to digest resulting in higher GI; fruit soda has higher GI than fruit juice, fruits have the lowest GI. A related
measure, GL, factors in a typical portion, it’s calculated by dividing GI by 100 and multiplying by grams of carbs minus fiber in a typical portion. Low GL is
0-11, medium 12-19, and high 19-100; watermelon has a high GI (72) but fairly low GL (2), due to most of its serving being water [3,4]. GI and GL don’t
measure insulin production triggered by blood glucose rise; high protein foods have 0 (meat, fish), or low (milk products) GI, but produce fairly high
amount of insulin due to up to 50% of protein converting to glucose. FII was introduced in 1997 and represents how much insulin the body releases within
2 hrs. of consumption of a particular food, low FII is below 30, medium 31-80 and high above 80 [8,9,15]. CF’s range is 0 -1, it provides concentration of
digestible carbs in 1 g of a certain food; GF is important for calculating insulin requirements for diabetics; grapes’ GF is 0.14, raisins’ GF - 0.77 [2, 18] .
The scientific hypothesis of this part of the project was that foods with the highest concentration of glucose, will have the highest GI, followed by foods
with the highest concentration of sucrose, then lactose; foods with the highest concentration of fructose will have the lowest GI; GL values will reflect the
carbohydrate content of a food’s typical portion; low GI foods in general, should have low FII, with the exception of high protein foods, especially milk
products containing lactose, they’ll have low GI and fairly high FII. GF should be similar to GL and reflect the actual concentration of carbohydrates in
food.

Background Research and Hypotheses, cont.

In people with type 1 diabetes caused by autoimmune response, the pancreas no longer makes insulin. In type 2 diabetes, primarily caused by obesity,
the person has insulin resistance; foods with high FII and possibly high fructose foods contribute to that [1,11,16]. Both types of diabetes can result in
dangerous levels of hyperglycemia and organ damage, excess insulin might trigger dangerous and potentially lethal hypoglycemia. People with
diabetes have to keep close track of their diet and blood glucose levels (BGL) by calculating the food carbs and checking their BGL at least four times
daily. To address an excessive amount of blood glucose, the diabetic person needs to have an insulin injection; to target hypoglycemia, additional
glucose intake is needed; to adhere to this routine requires a rigid, and predictable lifestyle which is not always possible [18].
The purpose of the second half of this research project was to design an artificial pancreas, a device capable of automatically adjusting to a person’s
BGL and producing the exact amount of insulin to address it. Such a device should have a continuous glucose sensor, providing the information to the
electronic, auto-correcting pump about how much insulin should be given [5,17].
In order to understand this part of the project, the basics of electricity, electrical circuit, and acid/base chemistry were learned, the tutorial of making a
breadboard-based electrical circuit was reviewed. Electrical voltage is a potential; in order for electricity to do work it needs to flow; it flows from a
higher to a lower voltage and only through a conductive material. Every Direct Current (DC) electrical source has two sides, positive and negative,
electricity flows from a positive (+) to a negative (-) terminal. The circular path which is required for electricity to flow and perform work is called a
circuit; the simplest circuit consists of a (+) terminal, the part where electricity performs work, in this research, the pump, and (-) terminal. If electricity is
wired directly from the (+) to (-) side without performing work, it creates a short circuit with too much of energy released into a wire, it will create a
damage to a power supply, burn the wire up and drain the battery. For that reason, the homes have circuit breakers to prevent fires from starting. A
closely related problem is accidentally letting too much current flow through a part of a circuit causing that part to burn up; this happens when incorrect
resistor value allows too much current to flow through a particular circuit component; throughout the experiment situations of possible short circuits
need to be closely monitored. The opposite to this is an open circuit when the loop is not fully connected, nothing gets damaged but the circuit will not
work; using a multimeter to check voltage at various points would help to find the connection break [12,13].
Acidic and basic solutions are measured by a scale called pH. An acidic pH is < 7 (lemon juice, vinegar), a basic pH is > 7 (bleach, baking soda). A
neutral pH is about 7 which is what water typically has. When equal amounts of base and acid are mixed together the solution is neutralized [12,13].
The goal of this part of the project was to build a simplified model of artificial pancreas by applying the concept of acid/base chemistry and electrical
circuit. Acidic and basic solutions are fairly conductive, neutral solutions aren’t. Because of this conductive difference an electrical sensor to detect
acidic, basic and neutral solutions can be made. The basic solution of baking soda (sodium bicarbonate, NaHCO3) will represent high blood glucose
(BG), the acidic solution of vinegar (acetic acid or CH3COOH) – insulin, the neutral solution – normal BG. When sodium bicarbonate and vinegar are
mixed, a chemical reaction occurs producing neutralized solution of water, carbon dioxide gas and sodium acetate: NaHCO3 + CH3COOH → CO2 +
H2O + CH3COONa. The pump is designed to move vinegar (insulin) into a basic solution (high BG) in order to neutralize it (normalized BG) at which
point the pump stops. A conductivity sensor made from 2 copper wires (electrodes) placed a certain distance apart in the solution will represent a
glucose sensor controlling whether a pump in the electrical circuit will turn or not. The conductivity sensor will be combined with potentiometers
(adjustable resistors), they will be adjusted to control when the pump turns on. The sensor and potentiometers together will make up a voltage divider,
this will be the unit permitting the conductivity sensor to send the high voltage to MOSFET (a special transistor) and turn the pump on. MOSFET will
act like a switch; when enough electrical current will flow through the conductivity sensor, it will output a high voltage to MOSFET allowing the current
to flow through the pump and make it run, with not enough current, the pump will not run [12,13].

Testing the Glucose Strips

Methodology. Part I: Food Carbs

Positive controls were made using tap water and glucose powder; 4 grams (g) of glucose was added to 200 milliliters (ml) of water in the
cup labeled 2%. Yellow food coloring was added for visual effect; dilution series of sequential twofold dilution created further solutions
with 1%, 0.5%, 0.25%, 0.125% and 0.0625% glucose concentrations, tap water was negative control. URS-1G glucose test strips were
dipped into each cup for 1-2 seconds; results of the color changes were read in 30-60 sec. and used as controls for glucose % in foods.
Testing the Activity of Invertase and Lactase
Invertase solution was made by adding 25 ml distilled water to 1 g of invertase powder obtained from Home Science Tools. Invertase
activity was tested by adding 15 drops of its solution to 15 ml of 10% sucrose solution which was made with 6 g of sucrose (table sugar)
and 60 ml of tap water; glucose readings were taken at time 0, every 5 min for the first 30 min and every 10 min after that. Glucose test
strips in triplicate were used to test the speed of conversion of sucrose into glucose and fructose by measuring the solution’s glucose
concentration, average concentration (Av.) was calculated. If glucose strip color change in the sample was seen faster than in 30 sec, the
sample was diluted 1:10. The results of the Av. glucose concentration at each time point and at the time of it leveling off (Plateau time)
were recorded. Two extra readings were taken at the plateau time. Glucose concentration at the linear time point (GCLT) was calculated
by dividing glucose concentration at the plateau time, in half. The procedure is explained in more detail in the excerpt from Lab Notebook.
The solution of Elepure lactase drops was purchased at Amazon.com; 4 drops of it was added to 15 ml of 10% lactose solution made
from Modernist Pantry Lactose Powder as described above with sucrose. Glucose readings and time of it plateauing to document the
speed of lactose conversion into glucose and galactose, also GCLT were done the same way.
Testing Foods for Glucose, Sucrose, Lactose and Fructose
Each of 15 ml diluted or undiluted foods, representing independent variables (6 solid, jelly beans, raisins, pecans, potato, orange,
cottage cheese; 6 viscous, HFCS, honey, maple syrup, yogurt, ice-cream, orange marmalade; 6 liquid, milk, chocolate milk, orange juice,
orange soda, Coke, diet Coke) had three glucose readings, one before adding the digestive enzymes, one after adding the invertase and
one after adding the lactase. The solids were mashed. Each reading was repeated in triplicate. For solid and liquid foods with high
glucose concentration (glucose strip color change was seen faster than in 30 sec), the samples were diluted 1:10; the solids were pureed
prior to dilution. Semi-solid foods with very high glucose concentration were further diluted 1:100. The glucose % in the diluted sample
was obtained by multiplying the result by 10 or 100, respectively. The color change was read in 30-60 sec. To identify the glucose
concentration (dependent variable) in the tested sample, the color on the test strip was compared to the positive/negative controls.
The 15 drops of invertase were added to each of the food sample. The glucose concentration was measured after the time determined
as GCLT. The average original sucrose concentration was calculated using the formula: Original Sucrose concentration = (GCLT):
(Percentage of sucrose converted) x 100, as explained in more detail in the excerpt from Lab Notebook. The same procedure was
done after adding the 4 drops of lactase to the second set of the same food items and calculating the average original lactose
concentration using the same formula: Original lactose concentration= (GCLT) : (Percentage of lactose converted) x 100.
Fructose percentages were researched from the literature and food labels by subtracting already tested carbohydrates.
Specific food’s Glycemic Index (GI), Glycemic Load (GL), Food Insulin Index (FII) and Carbohydrate Factor (CF) were researched and tabulated.

Methodology. Part II: Artificial Pancreas
Assembling the Circuit on the Breadboard
Before proceeding with the assembly of the electrical circuit, the Science Buddies reference, “How to Use a Breadboard”, was reviewed.
Materials were ordered from Jameco Electronics and Amazon.com. The breadboard was assembled following step by step instructions on
Science Buddies slideshow as outlined in the excerpt from the Lab Notebook (2 resistors, MOSFET and 3 potentiometers were connected
in-between with jumper wires, then attached to the battery using 2 sets of alligator clips connected to the pump and conductivity sensor);
potentiometers with different resistance values look the same; before taking them out from individual bags they were labeled 1 MΩ,
100 kΩ, and 10 kΩ.
Making the Conductivity Sensor
The conductivity sensor was made using 2 pieces of 16 cm long bare copper wire, a 6 cm long piece of the bendable part of a plastic straw
and a 4 x 7 cm piece of flat Styrofoam. Ends of both copper wires were wrapped tightly around the straw making sure they don’t slide
easily around the wire; then both copper wire tails were poked through the Styrofoam piece, keeping the wires equidistantly apart as they
were on the straw; Styrofoam was placed about 2 cm above the straw. Right above the Styrofoam, wire tails were sharply bent to prevent
them from sliding down. The straw with copper wires submerged in the liquid served as a conductivity sensor, the floating Styrofoam kept
the wires submerged at the same depth. The copper wire tails were then attached to the electrical breadboard circuit using unconnected
alligator clip leads.
Testing the Artificial Pancreas Model
Three solutions, Acidic (200 ml distilled white vinegar), Basic (14.3 mg of baking soda and 200 ml of distilled water, ½ of it used to make
the Neutralized solution), and Neutralized (made by slowly mixing 100 ml of vinegar and 100 ml of baking soda solution) were made in 3
mixing bowls. One tsp. of bromothymol blue was added to each solution, the acidic solution turned yellow, the basic solution turned blue,
and the neutral solution was green.
The pump tubes were placed in the Acidic solution. The conductivity sensor was positioned in the Neutralized bowl with the straw part
submerged and the Styrofoam piece floating on the surface. The first step was to make the pump run in the Neutralized solution. In order
to normalize the artificial pancreas model so that pump doesn’t run in the neutralized solution but still runs in a solution that is more basic
(therefore more conductive), the three potentiometers from the breadboard holes B12-14 (1 MΩ), B16-18 (100 kΩ) and B20-22 (10 kΩ)
were adjusted. Potentiometers are variable resistors, their resistance was changed by turning the white knobs clockwise; the
potentiometers were connected in series, making their resistance values add up which allowed it to make coarse, medium, and fine
adjustments to the total resistance value. While adjusting potentiometers, the pump tube with the liquid flowing out (outlet tube) was
marked with permanent marker and dried.
The conductivity sensor was then washed in the basic solution and moved at exactly the same position as in the Neutralized solution to the
Basic solution bowl, the inlet tube left in the Acidic solution, and the outlet tube moved to the Basic solution. The pump started running, the
bubbles were made in an acid-base reaction, and the color/pH indicator started changing from blue to green to yellow; to facilitate better
blending, the solution was agitated by hand; the end color was green indicating neutralized solution, at which point the pump stopped
marking the change from basic to neutral pH.

from https://www.sciencebuddies.org

Results. Part I: Food Carbs

Testing invertase and lactase activity and determining linear time point

The results are presented in the table and graph below. After 30 min, the sucrose solution was diluted 1:10 making the solution 1%; at this point the
glucose percentage was multiplied by 10. There was no color change after 60 min., indicating the end of the reaction. The lactose solution was diluted
1:10 after 15 min., making the solution 1%; the glucose percentage at that point was multiplied by 10. There was no color change after 40 min
indicating the end of reaction. Linear time point was determined by dividing the plateau glucose concentration in half (5:2=2.5), in the table, it’s shaded
in orange, it was 30 min for sucrose and 20 min for lactose. Percentage of sucrose and lactose converted at the linear time point was calculated
dividing GCLT (2.5 %) by original sucrose or lactose concentration (10%) and multiplying x 100; in both cases, it amounted to 25.

Testing Foods for Glucose, Sucrose, Lactose and Fructose
The glucose readings were done immediately, the sucrose and lactose readings - at the linear time points (30 min after adding invertase for sucrose, 20
min after adding lactase for lactose). The results are presented in the tables and graphs below. The glucose test strips in triplicates are attached to the
results in the tables.

Results. Part I: Food Carbs, cont.

The average sucrose and lactose percentages were calculated as follows: average (Av.) GCLT % minus Av. glucose % (already previously in the solution) divided by
percentage of sucrose or lactose converted (25) and multiplied by 100; when no change occurred after adding invertase or lactase, it was documented as unchanged and
averaged sucrose and lactose percentages were recorded as 0. In the tables, the percentage of carbs in undiluted solutions is shaded green, in diluted 1:10 - yellow, in diluted
1:100 - orange and researched fructose percentage - blue.
The next slide summarizes Food carb concentration and researched in the literature GI, GL, FII, and CF of each tested food and of glucose, sucrose, lactose, and fructose.

AVERAGE CARBOHYDRATE PERCENTAGE, GLYCEMIC INDEX, GLYCEMIC LOAD,
INSULIN INDEX AND CARB FACTOR OF TESTED FOODS

High carb concentration or food values are shaded in red (Carbs %: ≥ 5; GI: ≥ 70; GL: ≥ 19; FII: ≥ 80; CI: ≥ 0.2)
Medium carb concentration or food values are shaded in yellow (Carbs %: 1-5, GI: 55-69; GL: 12-19; FII: 31-80; CI: 0.1-0.2)
Low carb concentration or food values are shaded in green (Carbs %: ≤ 1; GI: ≤ 55; GL: ≤ 11; FII: ≤ 30; CI: ≤ 0.1)

Results. Part II: Artificial Pancreas

The circuit, created as an artificial pancreas model, relied on 2 key components: a voltage divider and a MOSFET (electronic switch). The
diagrams on the right are adapted from https://www.sciencebuddies.org and explained in more detail in the excerpt from Lab Notebook.
The voltage divider was made from two resistors R1 and R2 connected in series. It took input voltage Vin and distributed different output
R
voltage Vout as per formula based on Ohm’s law: Vout = R +2R Vin. In this circuit, the first resistor R1 was the conductivity sensor. The
1
2
connected in series three potentiometers formed the second
resistor R2. In a conductive basic or acidic solution, R1 is low making Vout
approximately equal Vin (current flows, pump operates); in nonconductive neutral solution, R1 is large and Vout is close to zero (pump stops).
The second part of the model’s circuit was MOSFET, it served as pump’s electronic switch. MOSFET is a transistor with three pins, the
gate G, the source S, and the drain D; current flows from D to S pins, its flow is controlled by a voltage applied to the G pin. When the
voltage between the G and S pins VGS is below MOSFET threshold value Vth, no current flows through, the switch is off. When VGS is
above the threshold value, current flows from the D to the S pin, the pump’s electronic switch is on, allowing the pump to operate.
The components of the artificial pancreas model circuit were combined as in the diagram on the right: the battery provided 12 V power
required to operate the pump rated for 12 V. The Vin of the voltage divider was lowered to approximately 3 V by using 330 kΩ and 100 kΩ
resistors. The low voltage was needed for a proper MOSFET functioning, MOSFET Vth is around 1-2 V; powering the whole circuit from 12
V would make it difficult to switch the pump off. Vout was based on resistance values of the conductivity sensor, which depended on the pH
of the solution and adjustable by positioning the knobs potentiometers. Adjusting potentiometers’ knobs allowed to fine-tune the circuit’s
sensitivity to the pH. The output of voltage divider was connected to MOSFET G pin; the S pin was connected to the ground, resulting in
Vout = VGS; this made possible for the Vout to create an electronic switch controlling current conduction between MOSFET D and S pins. The
pump was connected to the (+) voltage supply and MOSFET D pin. The pH of the conductivity sensor solution therefore was able to
control the voltage supply to MOSFET G pin either above or below Vth and therefore, control the current flow through the pump.
As described in Methodology, three solutions were made. To make a neutralized solution, 100 mL out of originally made 200 mL basic
baking soda solution and 100 ml out of originally measured 200 mL vinegar solution were mixed. Neutralization happened because equal
molar amounts of vinegar and baking soda were mixed. Vinegar has a molarity of approximately 0.85 mol/L. To make 200 mL baking soda
solution with molarity of 0.85 mol, 0.17 mol of baking soda solution is needed: 0.85 mol/L= (0.17 mol)/(0.2L). Baking soda’s molar mass is
around 84 g/mol; 14.28 g of it was used to achieve 0.17 mol: 84g/mol x 0.17 mol = 14.28 g.
First the pump was run with conductivity sensor in neutralized solution and both pump tubes in acidic solution. Potentiometers’ knobs were
adjusted to turn the pump off. After that, the conductivity sensor and outlet tube were moved to basic solution. The pump started pumping
acidic to basic solution, the bubbles reflected an acid-base reaction, the pH indicator started changing. This part of the experiment is
detailed in the 50 sec video demonstration. The amount of acidic vinegar solution representing insulin required to make a change from
basic solution to neutral solution was calculated and recorded; it took 100 mL of vinegar to be pumped into 100 mL of baking soda solution
to make the pump to stop; the end result was 200 mL of neutralized solution. To make the model more comparable to the real life
situations, the experiment was expanded by adding more baking soda to the neutralized basic solution after the pump has stopped. The
pump again started pumping acidic solution (insulin) to newly obtained basic (high BG) solution to neutralize it (normalize BG) again.

DISCUSSION

The body uses glucose as its primary fuel. Food is broken down to make glucose. The level of it goes up after the meal. The graph
shows the change in blood glucose levels during the day and how eating a meal with lots of sugar (sucrose) will effect it.
To understand food carbs, their impact on body’s metabolism and strategies for blood glucose control is important for any person.
It becomes the question of life or death for people with diabetes.
from Wikimedia Commons,

2011 by J.Suckale, M. Solimena

The food percentage of four different carbs, glucose, sucrose, lactose, and fructose, was researched. The same foods then were examined for four
other parameters, GI, GL, FII and CF, widely used by researchers, physicians, dietitians and lay people to assess food impact on blood glucose levels
and insulin production. Based on the research data, healthier diet recommendations for people with diabetes were made.
The conducted research confirmed that foods with the highest glucose concentration have the highest GI, followed by foods with the highest sucrose,
then lactose concentration; the foods with the highest concentration of fructose had the lowest GI. This difference can be explained by carbohydrate
metabolism. Sucrose and lactose are digested in the intestines to glucose/fructose and glucose/galactose, respectively. Fructose and galactose can be
converted to glucose in the liver but it takes time which explains the differences in GI [6,7,10]. GL reveals carbohydrate content of food’s typical serving
size; in general, GL is similar to GI with exception of dry/concentrated foods vs. foods with high water and fiber content; in this project, it was reflected
by raisins moderate GI (65)/high GL (36), orange’s moderate GI (56)/low GL (3) and orange juice low GI (50)/high GL (28). GL therefore is a more
accurate way to assess diabetic diet recommendations. Low GI foods in general have low FII with the exception of high protein foods, they have low
GI/GL and moderate to high FII, especially milk products containing lactose; lactose FII is 50. It was demonstrated by assessing GI/GL and FII of
cottage cheese (GI/GL 27/4 and FII 60) and milk (GI/GL 39/5 and FII 31). Diabetics should be aware that high protein foods require insulin coverage.
FII therefore, might be the most accurate parameter to assess diabetic diet insulin requirements. The CF reflect actual concentration of carbohydrates
in 1 g of a certain food; it was high for concentrated and rich in glucose/sucrose/fructose foods like jelly beans, raisins, HFCS, honey, maple syrup and
marmalade but relatively low for foods like milk, cottage cheese and nuts [2, 18]. Based on the done research and review literature review, it is important
to point out that despite its low GI/GL and FII, high fructose ingestion might increase the risk of metabolic syndrome, obesity and type II diabetes;
excessive amount of fructose overwhelms body’s capacity of carb digestion [1, 16].
Based on research and literature data, the foods recommended for diabetics are low GI/GL, FII and GI, such as non-starchy vegetables, fruits, lean
meats and plant-based sources of protein, less added sugar and less processed foods. As this research suggests, oranges are better than orange
juice, followed by orange soda and orange marmalade. Foods with high GI are good for hypoglycemic episodes.
Even with good nutrition and pharmaceutics, diabetics have difficulties controlling their blood glucose levels due to the typical unpredictability of daily
life. Biomedical engineering has been intensely focusing on creating insulin delivery systems making life of diabetics much easier [5]. The first insulin
pump Biostator was invented in 1974 and was approximately the size of microwave. The current insulin pump is a small device and the best tool
available for achieving normal blood glucose control [18]. In this research project, we attempted to engineer the self-regulating insulin delivery system
able to work in concert with continuous glucose monitoring; it was achieved by combining the concept of electrical circle conductivity and solution pH
change.
The notion of medication self-delivery systems can be projected in other biomedical engineering areas [17], such as drug delivery, for specific organs
(retina, intestine, brain), micro- and nano-implantable technological approaches in cancer and pain chemotherapy, along with other areas of medicine.

CONCLUSIONS AND FUTURE RESEARCH
•

Foods with the highest glucose concentration had the highest GI, followed by foods with highest sucrose, then lactose concentrations, foods with the highest
fructose concentration had the lowest GI.

•

GL values reflected the food’s typical portion; raisins had a moderate GI, but high GL due to the high portion concentration, orange was the opposite.

•

Low GI foods had low FII with the exception of high protein foods, especially milk products with lactose.

•

GF was similar to GL; it reflected carb content of food portioning, requiring an insulin replacement.

•

Starch foods (baked potato) had the highest values of GI/GL/FII/GL; starch is a polysaccharide digested into glucose monomers in the intestine.

•

High GI/GL/FII/GL foods should be avoided in diabetics; if consumed, insulin coverage may need to be used.

•

High carb foods, including high fructose and high starch foods, will contribute to obesity and metabolic syndrome.

•

FII might be the most useful parameter to evaluate diabetic nutrition; so far, it has not gained as much recognition as the other three, GI, GL and GL due to its
more difficult research.

•

Acidic and basic solutions are fairly conductive, neutral solutions are not. Because of the conductive difference, an electrical sensor to detect basic (high blood
glucose, BG), acidic (insulin), and neutral (normal BG) solutions can be built. When a basic solution of sodium bicarbonate and acidic solution of vinegar are
mixed, a chemical reaction occurs producing the neutralized solution of H2O, CO2 and CH3COONa.

•

The pump can be designed to move vinegar (insulin) into a sodium bicarbonate solution (high BG) in order to neutralize it (normalize BG) at which point, the
pump should stop. To make the model more comparable to real-life situations, the experiment can be expanded by adding more baking soda to the neutralized
basic solution after the pump has stopped. The pump again should start pumping acidic solution (insulin) to the newly obtained basic (high BG) solution to
neutralize it (normalize BG) again.

•

The notion of medication self-delivery systems can be projected in other biomedical engineering areas, such as drug delivery for specific organs, selfemulsifying delivery systems for limited solubility drugs, brain targeting drug delivery, micro- and nano-fabricated implantable technological approaches in
cancer and pain chemotherapy and others.

•

This science project was a continuation of last year’s research and, in addition to glucose and its role in nutrition, focused on investigation of other
carbohydrates and their metabolism with an emphasis to a diabetic diet. An additional way to better address diabetes management through creating artificial
delivery system was designed.

•

Next year’s research project will focus on other parts of human body, with the devastation of the COVID-19 pandemic, interest will be towards infectious
diseases and the body’s immune response.
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