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Question
Would orange juice or coffee make the best popping boba spheres, 

based on both of their variables of both liquids in reverse or 
direct spherification? 

I wanted to do this project because I wanted to learn how a 
chemical reaction can be caused from a liquid to a gelatinous 
type of substance. Below in the background research, in the pH 
value table, is where I decided which liquids would be the liquids 
I would test to make popping bobas (also in science buddies is a 
source where I posed my question). I wondered if either orange 
juice or coffee would be a good boba sphere or not, based on 
both their variables found in both processes, like reverse and 
direct spherification. I found out that both spherification 
processes requires a pH range around 4-10 to make the processes 
work. I decided to work with a liquid with a lower pH, just to see 
if it would’ve been perfect with or without a pH above 3.7, and 
orange juice’s pH value is 3.
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Background Research
For this experiment, I also wondered about this topic because I’m curious if the orange juice or 

coffee would form into perfect small spheres, if both liquids were tested in both reverse 
spherification (alginate solution and high calcium content) and direct spherification (chloride 
solution and low calcium content or none) in order for one of the liquids to succeed in one of 
the processes. These words are defined for what part(s) these items take place in this project 
are all below this paragraph. 

Spherification- The process of the experiment that I’m going to accomplish, to transform the liquid 
combined solutions (Ex. orange juice combined with sodium alginate blended together) to put 
in the bowl of the other combined solutions (Ex. 2. calcium chloride blended with water, 
depending on which spherification process I’m doing) into tiny boba spheres.

1. Sodium alginate- The element I’m going to use to put on top of the liquid coffee or orange juice 
to blend altogether with sodium citrate and xanthan gum, to refrigerate for 1-2 hrs (or calcium 
with mix with the high calcium liquid). (reverse and direct)

2. Sodium citrate- The element I’m also going to use along with xanthan gum and sodium alginate 
on top of a liquid, to blend altogether in one bowl with an immersion blender.(direct 
spherification) (reverse and direct)

3. Xanthan gum- The element that I’ll also utilize to put on top of both sodium citrate and the 
sodium alginate both on top of a liquid like coffee, to blend altogether. (reverse and direct)

4. Calcium chloride- An element that I’ll use (when the liquid and the alginate both rest in the 
fridge) to stir in the water to make it ready for the alginate-combined liquid (or sodium alginate 
will blended in with the water). (reverse and direct)
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Molecular gastronomy - Wikipedia
Molecular Gastronomy- It is a branch of food science that approaches the preparation and enjoyment of nutrition from a 

perspective of a scientist at the scale of atoms, molecules, and mixtures.
Spherification - Wikipedia
Spherification- It is a cooking process that includes sodium alginate and either calcium chloride or calcium glucate lactate to shape a 

liquid into squishy spheres, which visually and textually resembles roe.
direct spherification wikipedia - Search (bing.com)
Direct spherification- This is an original method of spherification that involves taking small amounts of sodium alginate and adding it 

to flavorful liquid. Then the flavorful liquid is dropped in the chloride solution.
Reverse spherification - Wikipedia
Reverse spherification- When the liquid contains alcohol or calcium salt, it is dropped into an alginate bowl and the liquid will 

transform into a sphere-like shape, and it becomes encapsulated by the gel-like membrane formed by the cross-linking of 
the calcium ions and the alginate polymer strands.

Chemical reaction - Wikipedia
Chemical reaction- It is process that leads to the chemical transformation of one set of chemical substances to another.
Solution (chemistry) - Wikipedia
Solution- A special type of homogeneous mixture composed of two or more substances.
Alginic acid - Wikipedia
Sodium alginate- Also called alginic acid. It is a naturally occurred, edible negatively charged molecules called a polysaccharide 

found in brown algae.
Sodium citrate - Wikipedia
Sodium citrate- Used as acidity regulators in foods and drinks, and also as emulsifiers (meaning to stabilize food additives) for oils. It 

can enable cheeses to melt without becoming greasy.
Calcium chloride - Wikipedia
Calcium chloride- It is an inorganic compound salt with the chemical formula CaCl2. Also, a white crystalline solid at room 

temperature, and is highly soluble in water. It can be created by neutralizing hydrochloric acid with calcium hydroxide.
Xanthan gum - Wikipedia
Xanthan gum- It is a substance produced by bacterial fermentation or synthetically from corn bacteria that used in foods as a gelling 

agent and thickener. It is also a polysaccharide composed of glucose, mannose, and glucuronic acid. 
pH - Wikipedia
pH- A scale used to specify the acidity or how basic of an aqueous solution.
acidic pH - Search results - Wikipedia
Acidic pH- They are solutions with higher concentrations of H+ ions. They are measured to have lower pH values than alkaline 

solutions.
acidic pH - Search results - Wikipedia
Basic pH- Higher pH values above neutral and acidic and it is also called alkaline.
acidic pH - Search results - Wikipedia
Neutral pH- It is a pH value that is in the middle of the values in the 1-14 range values. Pure water has a pH value of 7, so this liquid 

has a neutral pH.



Make Popping Boba Balls Out of Your Drinks | Science Project (sciencebuddies.org), also in How to Make Popping 
Boba: The Science of Spherification - YouTube 

Sodium alginate is made from brown marine seaweed and they are negatively charged ions called alginate. The 
positively charged sodium ions bond to the alginate molecules. When dissolved in water and other liquids, the 
alginate separates from the sodium ions and forms a liquid. When the alginate comes in contact with the 
calcium chloride solution, the alginate molecules bind to the calcium ions to form calcium alginate. As the 
double charged calcium ions combines two different molecules at the same time, the solution then turns into 
a gelatinous substance. This explains why the sphere’s outside layer is firm (calcium alginate) and the inside is 
a liquid center (sodium alginate). Spherification is what happens during this chemical reaction. The formulas 
are below.

Sodium alginate           Calcium chloride                Sodium chloride               Calcium alginate

2NaC6H7O6               +      CaCl2                    =         2NaCl                     +            C12H14CaO12

The four variables of this are the calcium content of the fluids, acidity (pH), technique, and time.

• Calcium content: If there’s too much calcium in the liquid, it makes the alginate-combined liquid too gel-like 
and not a thick liquid. This is because the calcium in the liquid and the alginate combined prematurely. Sodium 
citrate traps the calcium ions and prevents from reacting with the alginate.

• Acidity: If the pH of a liquid is not correct, then the sodium alginate doesn’t solidify in the chloride solution 
and it just dissolves into a thin layer in the chloride. The pH range for the spherification occurs from 4-10 range 
in the color keys in order for the alginate to solidify in the solution. Sodium citrate can also reduce the acidity 
of a liquid.

• Technique- To make the perfect popping boba spheres, the dropping of the alginate must be dropped out of 
the syringe one drop at a time 3-5 inches above the bowl. If the syringe makes it too difficult, then the eye 
dropper will do the trick.

• Time- The longer the alginate rests in the calcium chloride, the thicker the outer skin will be as the sodium 
alginate rests in the bowl of the chloride solution. If the alginate is in the solution longer sufficiently, the 
sphere would solidify more and more.



Make Yogurt Spheres Using Molecular Gastronomy | Science Project (sciencebuddies.org) and Make Yogurt into Spheres With 
Reverse Spherification - YouTube

The spherification process utilizes chemistry to transform soft, liquid-like foods like soups, purees, juices, yogurts, and puddings into 
gel-like balls. These balls have a thin, flavorless, and a gelatinous outer membrane that easily get popped to the liquid center. 
Reverse spherification is also a related technique of spherification from molecular gastronomy. The direct spherification also 
causes a chemical reaction that includes a specific type of food and some amounts of sodium alginate, that are both mixed in a 
blender. Then drops of this mixture are put in a bowl containing calcium chloride that is dissolved in water. While the sodium 
alginate and the calcium both come in contact with one another, they both cause a chemical reaction and form a thin, gel-like 
shell surrounding each drop of the food mixture. The result is spheres of the food that can be carried out of the calcium bath, 
rinsed in water, and then eaten. Reverse spherification is used when a certain food has a high amount calcium in it, like yogurt. 
In reverse spherification, the calcium-rich food is dropped in the sodium alginate dissolved in water (this process is the opposite 
of normal spherification). Specifically, the same gel-like shell forms around the food while the calcium and sodium alginate 
react with each other. In direct spherification, it involves adding a mixture of food and sodium alginate to a calcium bath. In 
reverse spherification involves adding a food that has calcium chloride to a sodium alginate bath. This will result in big blob-like 
sphere instead of tiny spheres like the other spherification process. The blobs resemble pasta raviolis and are referred to as 
“raviolis” by molecular gastronomy chefs.

Sodium alginate originated from marine brown seaweed and the positively charged sodium ions bind to the alginate molecules. 
When dissolved in water, the alginate separates from the sodium ions and forms a liquid. When the calcium-rich foods comes in 
contact with the alginate, the alginate molecules binds to the calcium ions and within the food, forms calcium alginate. As the 
doubly charged ions combine two different alginate molecules and then the outside of the food thickens, meaning gel-like. The 
calcium layer is outside and the inside is a liquid. As the boba is picked up, the chemical reaction stop from continuing to form 
the sphere (it is the opposite for the direct spherification). In direct spherification, the liquid comes in contact with sodium 
alginate while the bath comes in contact with calcium chloride. The inner core shrinks into thin air inside itself and it continues 
the process when removed maybe. In reverse spherification, the liquid comes in contact with the calcium chloride while the 
bath comes in contact with sodium alginate. The inner core grows outward and it gets bigger but when it is removed, the 
chemical reaction stops.

• Calcium content- In this experiment, the calcium must be high or the process won’t succeed. If there’s low calcium in a food, 
then the calcium chloride or lactate must be 0.2% in order for it to work.

• Acidity- The pH must be in the range 4-10 and if it’s too acidic the sodium citrate can help to reduce the acidity. The pH strips 
can also help to check the acidity before starting the process.

• Viscosity- For this experiment, the liquid must be a thick cream and if it’s thin, then it’ll just dissolve and not maintain shape. 
Xanthan gum between 0.2-0.5% is sufficient to help thicken the liquid.

• Time- The longer the food is in the solution, the more firm the outer membrane over lots of time.



The pH Scale (sciencebuddies.org)
A liquid can either be an acid or a base, and they all have something to do with hydrogen ions (H+). In water (H20), 

a small number of the molecules dissociate, meaning to split up the molecules. Some of its molecules (water) 
lose a hydrogen atom and then it turns into hydroxide ions (OH-). The lost hydrogen ions join up with the 
water molecules to form hydronium ions (H3O+). The hydronium ions are referred to as hydrogen ions H+. In 
pure water, there are an equal number of hydrogen ions and hydroxide ions. Then, the solution is neither 
acidic nor basic.

Acid- A substance that donates the hydrogen ions. When an acid is dissolved in water, the balance between the 
hydrogen ions and hydroxide ion is shifted. Now, there are more hydrogen ions than hydroxide ions in the 
solution. This kind of solution is acidic.

Base- A substance that accepts the hydrogen ions. When a base is dissolved in water, the careful balance between 
the hydrogen ions and hydroxide ions shifts the opposite ways. Then, the base soaks up the hydrogen ions and 
the result is a solution with more hydroxide ions than hydrogen ions. This kind of solution is alkaline.

Acidity and alkalinity are both measured with a logarithmic scale called a pH scale. The reason why is because a 
strongly acidic solution can have one hundred doubled million, or one hundred trillion times more hydrogen 
ions than a strongly basic solutions. On the opposite side, a strongly basic solution can have 
100,000,000,000,000 times more hydroxide ions than a strongly acidic solution. The hydrogen ion and 
hydroxide ion concentrations in everyday solutions can vary over that entire range. In order to measure the 
large numbers more easily, scientists use a logarithmic scale, also known as the pH scale. Each one-unit 
change in the pH scale corresponds to a ten-fold change in hydrogen ion concentration. In theory, the pH scale 
is open-ended, but most pH values are in the range from 0 to 14. In a precise version, pH is the negative 
logarithm of the hydrogen ion concentration. The formula is below.

pH= -log [H+]

The square bracket around the H+ immediately means “concentration” to a chemist. The equation means the same 
as for each 1-unit change in pH, the hydrogen ion concentration changes ten-fold. Pure water has a neutral pH 
of 7. The pH values lower than 7 are acidic, and the pH values that are higher than 7 are alkaline (basic). This 
table in the next slide below, has some pH level samples of the different substances. 

The pH of a fluid or solution is often an essential piece of information in science. Measuring the pH can be done 
easily and quickly by using pH test paper, pH indicator sticks, or a pH meter. The pH test paper and indicator 
sticks are pieces of paper or stiffer sticks that contain pH indicators (the chemical that changes color 
depending on how acidic or basic the solution is).  To measure the pH value, a piece of pH indicator stick is 
dipped into the liquid, and then the color of the stick matches to a color key on the following container of pH 
indicators that come along with it. Each color on the key represents a different pH. There are different types of 
pH measure devices like a pH meter. They are more specific than a pH stick.



pH 
value

H+ concentration relative to 
pure water

Examples

0 10,000,000 Battery acid

1 1,000,000 Gastric acid

2 100,000 Lemon juice, vinegar

3 10,000 Orange juice, soda

4 1,000 Tomato juice, acid rain

5 100 Black coffee, bananas

6 10 Urine, milk

7 1 Pure water

8 0.1 Sea water, eggs

9 0.01 Baking soda

10 0.001 Great Salt Lake, milk of 
magnesia

11 0.0001 Ammonia solution

12 0.00001 Soapy water

13 0.000001 Bleach, oven cleaner

14 0.0000001 Liquid drain cleaner



Sodium Alginate - an overview | ScienceDirect Topics, These two paragraphs came from (1) chap. 4.2 
in Reference Module in Materials Science and Materials Engineering from 2017, in pgs. 609-615, 
and in (2) Y. Zhang and X. Liu, Comprehensive Biotechnology (Second Edition) in volume 5 
(Medical Biotechnology and Healthcare), 5.1

1) Sodium alginate (NAC6H7O6) is a linear polysaccharide unoriginal form of alginic acid comprised 
of 1, 4-B-d-mannuronic (M) and a-l-guluronic (G) acids. This form of alginate is a cell-wall 
component of marine brown algae, and contains about 30%-60% of alginic acid. The conversion 
of this acid to the sodium alginate allows the dissolving in water to help its extraction. The 
bacterial alginates are produced chemically by only two of the bacterial genera, Pseudomonas 
and Azotobacter and are used for protection from the environment and the synthesizing of 
microbial cells (active or non-active) in order to stick quickly to surfaces. 2) Sodium alginate 
does consist of two linked anionic monomers, the B-d-mannuronic acid (M) and a-l-guluronic 
acid (G) residues. The polymer structure of it is made from homopolymeric regions of the G 
units also called G blocks, and M units (M blocks) broken up with the flow with regions of 
mixed monomers (18 MG blocks). The sodium alginate can change into hydrogel when it 
encounters divalent cations like Calcium (Ca2+). (Divalent cations are ions that create a strong 
electric field and strengthen the acidity of protons, or change the electrical current of strong 
protonic acidity by reacting with water or hydrocarbons) It can hold more than 98% of water 
inside the hydrogel and this essential for the maintenance of bioactivity by providing an 
aqueous environment to the cells that are covered by the protective membrane.

Calcium Chloride - an overview | ScienceDirect Topics by (1) P.-C Aitcin, in Science and Technology of 
Concrete Admixtures from 2016, chapter 19, and in (2) paragraph where R.C Ropp, in 
Encyclopedia of the Alkaline Earth Compounds in 2013, Chapter 2, page 51. 

(1) Calcium chloride (CaCl2) in commercials is available in three different forms; two solid forms and 
one liquid. It can be bought in the form of flakes containing 77%-80% calcium chloride or 
granules that contain 94% of calcium chloride. In liquid form, it contains from 30%-42% of 
calcium chloride per liter of solution. (2) Calcium chloride is also an ionic halide and is a solid at 
room temperature. Calcium chloride is soluble and can be a source of calcium ions in a solution. 
It can help form calcium compounds, which are insoluble. These formulas will show the calcium 
compounds.

3CaCl2 + 2K3PO4 (aqueous) = Ca3 (PO4)2 (solid) + 6KCl (aqueous), aqueous means that it has been 
dissolved in water.



Sodium Citrate - Chemical Formula, Properties, Applications and FAQ (vedantu.com)
Sodium citrate (Na3C6H5O7) is a chemical compound obtained after the alkalizing activity, and it is a sodium salt 

of citrate. Sodium citrate can be referred to as sodium salts of citric acid. Monosodium citrate, disodium 
citrate, and trisodium citrate are the three types of sodium salts of citric acid. The sodium citrate is mainly 
referred to the third type of salt, called the trisodium citrate. It is majorly used in the production of medicine 
as well as the food industry. It can be used widely for food preservatives, anticoagulant (to prevent blood 
clotting) for stored blood, and alkalization of urine to get rid of kidney stones. Sodium citrate has major 
applications in food and beverages, healthcare, and other industrial things too. In food and beverages, the 
sodium citrate gets used as an emulsifying salt in processed cheese products. It makes the melting of cheese 
easy without becoming greasy. It can work as a buffering agent in combination with citric acid, and it also 
makes accurate pH control necessary for numerous foods and beverages. Its main task is being a food additive, 
either to make the flavor great to improve the taste or for preservation purposes.

Xanthan gum - Wikipedia
Xanthan gum (C35H49O29 a monomer) is a polysaccharide with many industrial uses such as a common food 

additive. This can be an effective thickening agent, emulsifier, and stabilizer that will prevent ingredients from 
separating from each other. It is produced from simple sugars using the fermentation process and it derives its 
name from the species of bacteria, Xanthosmonas campestris. 1% percent of xanthan gum can produce a 
significant increase in the viscosity of a liquid. In foods, xanthan gum can be used in certain foods like salad 
dressings and sauces. It helps to prevent oil separation by stabilizing the emulsion even though it’s not an 
emulsifier. This kind of substance can also help to suspend solid particles, such as spices. Xanthan gum can 
help to create the exact texture in many ice creams. Toothpaste can also contain xanthan gum as a binder to 
keep the toothpaste in a great paste-like shape or uniform. It can thicken commercial egg substitutes made 
from egg whites, to replace the fat and emulsifiers found in yolks. It can be a preferred method of thickening 
liquid to make it easier to swallow for people who have swallowing disorders. In the gluten-free baking 
industry, xanthan gum is used to give the dough or batter the stickiness that would otherwise be achieved 
with gluten. In most products like foods, xanthan gum can be used at concentrations of 0.5% or less. Xanthan 
gum is used in wide varieties of food products like sauces, dressings, meat and poultry products, bakery 
products, confectionery products (candy products), beverages, dairy products, etc. In the oil industry, xanthan 
gum is utilized in large quantities to thicken drilling mud. These kinds of fluids carry the solids cut by the 
drilling bit to the surface. Xanthan gum provides a great “low end” in rheology, meaning its viscosity. When 
the circulation stops, the solids remain suspended in the drilling fluid. The widespread use of the horizontal 
drilling and the demand for good control of drilled solids has led to its expanded use. Then it has been added 
to the concrete poured underwater, to increase its viscosity and prevent washout. In the cosmetic industry, 
xanthan gum is used to prepare water gels and is also used in oil-in-water emulsions to enhance droplet 
coalescence. Basically, this food-friendly chemical is used in many products everywhere in the world to thicken 
the products to prevent from crumbling quickly, or to prevent certain product liquids from being too runny.



Measurement of boba spheres:
I will measure the diameter and height of the liquid sphere on graph paper once 

both the spherification processes are done. I will do this by a ratio of 
diameter over height- d/h. If the diameter and height are both the same, 
then I’ve made a perfect sphere. If both the diameter and the height are not 
the same, then I’ve made an imperfect sphere, because of both the coffee 
and the orange juice’s variables that are both required in both reverse and 
direct spherification.

Variables for direct spherification:
No calcium or a little bit of calcium in a fluid, correct pH between 4-10, correct 

technique of the syringe above the bowl around 3-5 inches (also a variable to 
help the liquid in the solution to form a perfect sphere), the correct or 
approximate amount of time in rinsing the sphere, and time for the liquid 
mixed with sodium alginate and sodium citrate, xanthan gum in the fridge to 
form a less foamy material. You have to mix sodium alginate, sodium citrate, 
and xanthan gum in the liquid and calcium chloride with water.

Variables for reverse spherification:
Lots or some amount of calcium, correct pH in between 4-10 range, thick 

viscosity meaning high viscosity, an approximate time for the bobas in rinsing 
baths and time spent in the fridge. You have to mix calcium chloride, sodium 
citrate, and xanthan gum in the liquid and sodium alginate with water.



Materials
Spherification Kit includes
Calcium Chloride [2-2.5 grams]
Sodium Alginate (0.5-2 grams [mistake* 5 grams])
Sodium Citrate (1.5-2 grams)
Xanthan gum (0.3 grams)
Syringe
Big spoon
Kit manual (most of the procedures I’ve followed but some of it I’ve added to the procedures)
Orange juice (1 cup per trial)
Coffee (1 cup per trial)
Measuring digital scale 
Strainer (per trial- reverse and direct spherification with both coffee and orange juice)
Timer on my tablet (1-*2  [30 or 15 mins to get rid of air bubbles more] hrs for refrigeration and to let the alginate or chloride 
rest, 2 mins to let the spheres form in the solution and to rinse off the chemicals in the three baths for each batch of bobas) 
4 Measuring regular cups
pH scale strips 1-14
Distilled water (1 cup per trial)
3 rinsing bowls (also used per trial)
Fridge (used to put the liquids in for 1 hr or for more minutes if needed)
Immersion blender (used per trial)
Whisk (used in both spherification processes)
2 spoons
Small cup-like containers, 8 of them
4 bowls
Plastic wraps to use for each trial for water chemical solutions (alginate or chloride too)
Graph paper (used to measure out the spheres)
Journal (Two tables of both liquids with information from the experiment of both spherification processes)
Me to do the whole project (parents if I need them especially with camera)



Hypothesis
In direct spherification, I predict that coffee will make the best boba sphere and 

orange juice will not. However, in reverse spherification, I predict that orange 
juice will make the best boba sphere and coffee will fail. The reason why I 
predicted that coffee would be perfect in direct spherification and orange juice 
would be perfect for reverse spherification is because of all their variables that 
are required for this experiment. Coffee has only a little bit of calcium or no 
calcium at all and its acidity that I researched is in between 4-10 range, I know 
that I have to squirt out the liquid from the syringe above the 3-5 inches, but I 
chose 4 inches to try to make correct measurements of the spheres later (at least 
it’s somewhere near 3-5 inches), and its viscosity in reverse spherification is 
pretty low that I’ve researched (it’s runny), and finally the time will be spent in 
fridge for 1 hr or 15-30 mins more if there’s still any air bubbles left (for baths, 
about 2 mins per batch of bobas). Only the calcium content and viscosity are 
both wrong for the reverse spherification for coffee. Orange juice has a lot or 
little bit of calcium in there, the pH for orange juice is quite lower than 4 (about 
3-3.7 in my research), the viscosity is high (perfect for reverse spherification), 
and I’ll keep the syringe technique the same for each trial I’ll do, and the time 
will be the same too. Orange juice’s variables like acidity would be bad for the 
reverse spherification, but most of all the orange juice will work with xanthan 
gum put in there.
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Procedures
Direct Spherification:

• Draw two tables with six columns and three rows in the journal. Label them like the table below. 
For the fourth column in reverse spherification, it is viscosity (high or low), not technique. You 
can do the same table for reverse spherification for the same liquids. Follow some instructions of 
the Modernist Cuisine kit manual if help is required. 

• Prepare both the orange juice and coffee by setting them both on the table with a towel on it. 
Check the calcium contents on both of them and write both down on the tables.

• First test the coffee in direct spherification.

• Fill 1 cup in one of measuring plastic cups.

• Put 1 or 2 mins on the timer.

Liquid pH Calcium 
(mgs)

Technique 
(inches)

Time Observations 
(including 
diameter/hei
ght and 
*mistakes*)

Coffee

Orange juice



• Dip the pH test strip in the coffee until the color has stabilized and take the strip out, match the colors on the 
color key on the container, and write down the pH on the direct spherification table in the journal.

• Pour the 1 cup of coffee into one of the bowls until the cup is empty. 
• Take one spoon and scoop the alginate into one tiny cup as it’s put on the digital scale. (Keep putting the 

chemical into the tiny cup until the scale reads 2 grams. Do the same for xanthan gum but it is 0.3 grams and 
for sodium citrate but it’s 2 grams also. These three chemicals are put in three separate tiny cups.) 

• After putting the three chemicals into three separate tiny cups after being measured on the scale, pour all 
three of them on top the liquid and observe what happens.

• With the immersion blender, blend the liquid and the chemicals altogether until the chemicals have entirely 
dissolved into the liquid.

• Pour the liquid back into the plastic cup carefully until it’s empty.
• Use the strainer to reduce the tremendous amount of bubbles in the liquid to pour back in the bowl.
• Let the bowl sit for 1 minute on the timer.
• Place 1 plastic wrap on top of the bowl and refrigerate the bowl for 1 hr or more minutes if it is still foamy. 

Observe what happens.
• Then set the second bowl on the table. Do this chloride solution while the hour for the refrigerated liquid is 

over.
• Take the second spoon and scoop out some of the calcium chloride and pour some of it into the fourth tiny 

cup to put on the scale until it reads 2 or 1.5 grams.
• Fill the second plastic cup of distilled water and pour it into the second bowl until the cup is empty.
• Pour the calcium chloride in the water and stir it around with the whisk until it is completely dissolved.
• Let it rest for 1 minute while putting a plastic wrap on the bowl. Do this while the coffee is in the fridge for 

more mins afterwards. Observe and write in the journal what happens to both of them.
• After the one hour has passed, take the liquid out of the fridge.
• Suck the liquid up in the syringe until it is half-way full and start squirting out the liquid 3-5 inches above the 

bowl slowly one at a time.
• After that, set the timer for 2 mins and observe what happens.
• Scoop (with the big spoon included in the packet) the first batch into the first, second, and third bath after 

another batch is forming spheres in the chloride solution for 2 mins set on the timer. Keep doing this until 
each batch is done being rinsed in the three baths.

• Pick the tiny boba up and try to squeeze and measure its diameter and height on a piece of graph paper, write 
down everything in the journals and in the tables.

• Repeat these same steps but for orange juice. There needs to be the same two but clean bowls, 4 same tiny 
cups, use the same but clean plastic measuring cups, a new pH test strip, rinse some equipment off, write all 
observations and information down on the orange juice row of direct spherification.



Reverse Spherification:

• First test the coffee in reverse spherification by filling 1 cup of coffee in the third measuring plastic cup.

• Pour the 1 cup of coffee into the third bowl until the cup is empty. 

• Take the first spoon and scoop the chloride into one tiny cup as it’s put on the digital scale. (Keep putting the chemical into the 
tiny cup until the scale reads 2 grams. Do the same for xanthan gum but it is 0.3 grams and for sodium citrate but it is 2 grams 
also. These three chemicals are put in the three, new, separate tiny cups.) 

• After putting the three chemicals into three separate tiny cups after being measured on the scale, pour all three of them on top 
the liquid and observe what happens.

• With the immersion blender, blend the liquid and the chemicals altogether until the chemicals have entirely dissolved into the 
liquid.

• Pour the liquid back into the plastic cup carefully until it’s empty.

• Use the strainer to reduce the tremendous amount of bubbles in the liquid to pour back in the bowl.

• Let the bowl sit for 1 minute on the timer.

• Place 1 plastic wrap on top of the bowl and refrigerate the bowl for 1 hr or more minutes if it is still foamy. Observe what 
happens.

• Then set the fourth bowl on the table. Do this alginate solution while the hour for the refrigerated liquid is over.

• Take the same second spoon and scoop out some of the sodium alginate and pour some of it into the fourth tiny cup to put on 
the scale until it reads 2 or 1.5 grams.

• Fill the fourth plastic cup of distilled water and pour it into the fourth bowl until the cup is empty.

• Pour the sodium alginate in the water and stir it around with the whisk until it is completely dissolved.

• Let it rest for 1 minute while putting a plastic wrap on the bowl. Do this while the coffee is in the fridge for more mins 
afterwards. Observe and write in the journal what happens to both of them.

• After the one hour has passed, take the liquid out of the fridge.

• Suck the liquid up in the syringe until it is half-way full and start squirting out the liquid 3-5 inches above the bowl slowly one at 
a time. (The viscosity of this reverse spherification is more important in this case. Write down the calcium amount and acidity 
but also the time and viscosity. If the coffee has low viscosity, add 1 or 2 more grams of calcium chloride or xanthan gum to 
help make the process work.)

• After that, set the timer for 2 mins and observe what happens.

• Scoop (with the big spoon) the first batch into the first, second, and third bath after another batch is forming spheres in the 
chloride solution for 2 mins set on the timer. Keep doing this until each batch is done being rinsed in the same three baths.

• Pick the tiny boba up and try to squeeze and measure its diameter and height on a piece of graph paper, write down everything 
in the journals and in the tables.

• Repeat these same steps but for orange juice. There needs to be the same two but clean bowls, 4 same tiny cups, use the same 
but clean plastic measuring cups, a new pH test strip, rinse some equipment off, write all observations and information down 
on the orange juice row of reverse spherification.



Variables

Variables-
 
Independent= The spherification processes; from the direct 

spherification process to the reverse spherification process 
(direct- alginate liquid and chloride solution and reverse is 
the opposite). Time the liquid spends in the fridge getting rid 
of air bubbles.

 Dependent= The diameter and height of the boba sphere, 
both coffee’s and orange juice’s variables (calcium content, 
acidity, technique of syringe, viscosity, time spent in fridge 
and in the three baths) in both spherification processes.

Controlled= Coffee and orange juice.



Results (Reverse Spherification)

Liquid pH Calcium 

content

Viscosity Time spent 

in 

bath/fridge

Observations

Coffee 6.4 0 mg Low 2 mins/2 

hrs*

Mistake= *

2 hrs 

because of 

too much 

bubbles

It didn’t solidify because too much chemical inputted in solution based on my scale 

messing up, the calcium content and the viscosity was thick as it was supposed to be. It 

was too gelatinous which it wasn’t supposed to be but it dissolved in the solution 

instead of a perfect sphere. No D/H because it dissolved in the solution. No taste.

Orang

e juice

Below 6.4 or 

around 6.4

30 mg High 2 mins/2 

hrs*

Too much 

bubbles also

It was thick enough to solidify in the alginate solution, but it was too gelatinous so it 

almost quickly got out of the syringe but it had a hard time. 5/4.5 almost perfect 

sphere. Tasted terrible because of how much chemical was in it, usual like plain orange 

juice when it really delicious. Too easy to pop because of the time spent in the fridge 

and bath. Orange juice bobas are bigger than the coffee bobas because of its thickness 

along with xanthan gum added to it.



Liquid pH Calcium content Technique 

with 

syringe

Time spent in 

bath/fridge

Observations

Coffee 6.4 0 mg Above the 

bowl; 4 

inches

2 mins/1 hr 

because of 

failure in the 

previous 

spherification

It came out easily of the syringe but lots of the boba made 

lots of perfect spheres some imperfect but most of them 

perfect. That’s because the four variables matched the 

requirements. 5/5 perfect sphere. The scale’s batteries 

were replaced but I had to measure the chemicals by fl oz 

and it worked. Not too much chemicals in both orange 

juice and coffee. It tasted just like plain coffee, delicious. 

Hard to pop because of xanthan gum that thickened it and 

also it’s hard to pop because of the time spent in fridge 

and bath.

Orange 

juice

Below 

6.4

30 mg Above the 

bowl; 4 

inches but 

closer 

because of 

too much 

gelatinous

2 mins/2 hrs 

because of 

too much 

bubbles again

It dissolved because of its acidity and calcium content. 

None that are perfect spheres no matter with or without 

sodium citrate and xanthan gum. It was too gel-like and it 

just dissolved into thin air in the chloride solution. No 

taste.

Direct Spherification



Direct 
Spherification 
of coffee



Direct Spherification of orange juice (grape juice in 
one of mistakes to test the juices, I know it’ll just 
dissolve by watching the grape juice)



Reverse Spherification of coffee

Reverse Spherification of 
orange juice



Results
The coffee in reverse spherification didn’t work and just dissolved because of its four variables mixed with in the alginate solution (sodium alginate, sodium 

citrate, xanthan gum); its calcium content was low, its pH was 6.4, the viscosity was low meaning that it flowed fast and not slower, only to let it solidify 
but it didn’t. The reason why coffee is not a good popping boba in reverse spherification is because of mostly its calcium content and viscosity, they 
were too low. However, I made a few mistakes with the amount of grams on the scale that were too much or too little. The batteries in the scale had to 
be replaced but I got through both processes with both liquids of the experiment with the same scale.

Observations: In the reverse spherification, my mistakes are below. In direct spherification, I followed the instructions in the kit manual this time since the 
last trial both almost failed.

The scale had bad batteries so that the measurements for grams were all wrong.

I instead measured fl oz, not grams, so that way I’ll know which amount of chemicals are sufficient enough to add in to the liquids.

Too much chemical in the orange juice boba because of the scale, made the sphere taste yucky. However, the orange juice liquid itself, it tastes very 
delicious. The chemicals in the orange juice made it taste different with the gelatinous outer shell.

The reason why it also tasted bad and didn’t form perfect except almost one is because of the amount of time rinsing the boba off in the bath, and the time 
the alginate-combined liquid has been in the fridge. If I had only refrigerated the orange juice in the fridge for only one hour, maybe it would’ve 
formed perfect juicy spheres or not. It was still too gelatinous to come out of the syringe.

In the fridge, I have to get rid of the bubbles by refrigerating the coffee but after 1-2 hrs, it still had bubbles no matter what. It still dissolved because of its 
calcium and its viscosity when put in the alginate water solution. It still had no taste.

There are more observations that I’ve made during both processes.

Reverse spherification:

Coffee-

55:59 to 9:42- The coffee has a lot of bubbles. So I left it in there for another hour, *mistake.

After those 2 hours, it still had tiny bubbles everywhere on the surface of the liquid, and it was a little bit hard to push the liquid out of the syringe and drop 
it onto the solution because it was too jelly-like.

When the two solutions were ready for the spherification process, when I sucked up the liquid half-way into the syringe and tried to squirt it out onto the 
alginate solution, the drop stopped on the solution and it didn’t form a sphere at all, it just dissolved or froze each time I added a drop onto the 
solution. It was hard to squirt out of the syringe. The chemical input was also too much and that’s why it was too gel-like in both of them.

Orange Juice-

1:30:00 to 30:00- The orange was only a little bit foamy but it gradually started having several bubbles at a time. After it had been taken out of the fridge, it 
still had bubbles.

It wasn’t really that hard to squirt the fluid out of the syringe because I followed the manual but it still contained a lot of chemicals because of the wrong 
readings of the scale.



1/8/23
Results part 2-
Direct spherification:
Coffee-
After an hour; 34:00 mins:
The coffee was still a little foamy but I'll leave in the fridge for about 30 more mins to reduce the 

foamy bubbles on the liquid surface.
30 seconds:
The coffee was still foamy but I think it might dissolve or it'll still be a little bit foam-like.
5 mins:
After 25 mins of waiting, the coffee still looks foamy, so I'll have to leave it in the fridge long enough 

or overnight. I am not certain because, as I keep writing and observing the liquid, it continues to 
stay foamy no matter how many hours or minutes that it needs to decrease the foamy look.

About 27 or 25 mins:
After 5 mins, it was still foamy, so I decided to refrigerate it overnight and then I just put 30 mins on 

again.
So, after those hours and minutes of waiting, I then sucked the liquid up in the syringe and squeezed 

some of the fluid out onto the liquid’s surface. The tiny drop almost went down to the bottom of 
the bowl and then I think the solution’s gravity pushed the drop back up to the surface. That is 
when I discovered that it formed the liquid sphere the way I wanted it to. I then put each batch 
that I dropped from the syringe on the top of the liquid, I also found out that when you put each 
batch of the boba into the baths and you leave it in there for very long, the liquid center of the 
sphere starts to shrink while the outer shell takes over the solidifying of the whole sphere. When 
I squeezed the boba, it was kind to get the liquid popped out of the sphere. I’m thinking about 
why that happened is because of 1 hour of the liquid being refrigerated and 2 mins per batch of 
coffee bobas in each of the three baths.

Orange Juice-
After those hours of waiting, I then used the syringe and pushed the liquid out to put in the solution 

but it just dissolved. The reason why this happened is because of its calcium amount and acidity. 
The whole drop of the liquid just dropped into thin air to the bottom of the bowl.



Conclusions
I predicted that the direct spherification process would work for the coffee because it 

meets all of the requirements for this experiment and the orange juice wouldn’t.  
Coffee met all these requirements for direct spherification; Calcium- little or none 
at all (perfect), acidity- 6.4 (perfect), technique- 4 inches above the bowl (same for 
both processes, around 3-5 inches, correct), time- about an hour or more minutes 
if required (as long as it is not too long or too short). These are requirements that 
the orange juice didn’t meet; Calcium- 30 mgs (perfect for reverse spherification), 
acidity- below or around 6.4, technique- 4 inches (same for both reverse and direct 
spherification for both liquids, coffee and orange juice), Time- 1 hour or more if it 
needed it. In the reverse spherification however, I predicted that the coffee would 
fail because of its variables that didn’t match the experiment’s variables, but in the 
orange juice it succeeded but most of the spheres I saw were almost perfect 
spheres. Here are the requirements that coffee maybe didn’t meet; calcium- little 
or none at all, acidity- perfect like 4-10 (coffee had 6.4), viscosity- low (supposed to 
be high resistance of flowing), time- 2 hrs. The direct spherification process like in 
my research says; low or no calcium, around 4-10 pH range, 3-5 inches with 
syringe above the bowl, and not too long or too short in time. Reverse 
spherification requirements; around 0.2% of calcium meaning a lot of calcium, 
acidity must be around 4-10 pH range, viscosity is supposed to be high, and not 
too long or too short of time.



Abstract
1/3/22

Abstract-

My topic is spherification, the production of popping bobas. I wanted to discover 
which liquid (orange juice or coffee) would make a perfect popping boba sphere 
based on both of their variables that are required in both spherification processes.

My question is, “Would orange juice or coffee make the best popping boba spheres, 
based on both of their variables of both liquids in reverse or direct spherification?”

I wanted to do this project because I wanted to learn how a chemical reaction can be 
caused from a liquid to a gelatinous type of substance. Below in the background 
research, in the pH value table, is where I decided which liquids would be the 
liquids I would test to make popping bobas (also in science buddies is a source 
where I posed my question). I wondered if either orange juice or coffee would be a 
good boba sphere or not, based on both their variables found in both processes, 
like reverse and direct spherification. I found out that both spherification 
processes requires a pH range around 4-10 to make the processes work. I decided 
to work with a liquid with a lower pH, just to see if it would’ve been perfect with 
or without a pH above 3.7, and orange juice’s pH value is 3.



I did this experiment by testing with both orange juice and coffee in both processes, both reverse and direct 
spherification and which liquid, in which one of the processes would one of the liquids make a successful, 
perfect, round sphere. I can accomplish this because I ordered a Modernist Cuisine kit with the 4 chemicals in 
it, syringe, and big spoon with holes on it. I followed the experiment based on what the kit’s manual said, 
because it looks like the same process as the direct process is supposed to look like but with a few added 
instructions to make the process work.

1/17/23

Results- The coffee in reverse spherification didn’t work and just dissolved because of its four variables mixed with 
in the alginate solution (sodium alginate, sodium citrate, xanthan gum); its calcium content was low, its pH 
was 6.4, the viscosity was low meaning that it flowed fast and not slower, only to let it solidify but it didn’t. 
The reason why coffee is not a good popping boba in reverse spherification is because of mostly its calcium 
content and viscosity, they were too low. However, I made a few mistakes with the amount of grams on the 
scale that were too much or too little. The batteries in the scale had to be replaced but I got through both 
processes with both liquids of the experiment with the same scale.

Observations: In the reverse spherification, my mistakes are below. In direct spherification, I followed the 
instructions in the kit manual this time since the last trial both almost failed.

The scale had bad batteries so that the measurements for grams were all wrong.

I instead measured fl oz, not grams, so that way I’ll know which amount of chemicals are sufficient enough to add 
in to the liquids.

Too much chemical in the orange juice boba because of the scale, made the sphere taste yucky. However, the 
orange juice liquid itself, it tastes very delicious. The chemicals in the orange juice made it taste different with 
the gelatinous outer shell.

The reason why it also tasted bad and didn’t form perfect except almost one is because of the amount of time 
rinsing the boba off in the bath, and the time the alginate-combined liquid has been in the fridge. If I had only 
refrigerated the orange juice in the fridge for only one hour, maybe it would’ve formed perfect juicy spheres or 
not. It was still too gelatinous to come out of the syringe.

In the fridge, I have to get rid of the bubbles by refrigerating the coffee but after 1-2 hrs, it still had bubbles no 
matter what. It still dissolved because of its calcium and its viscosity when put in the alginate water solution. It 
still had no taste.

There are more observations that I’ve made during both processes.



Reverse spherification:
Coffee-
55:59 to 9:42- The coffee has a lot of bubbles. So I left it in there for another hour, *mistake.
After those 2 hours, it still had tiny bubbles everywhere on the surface of the liquid, and it was a little bit hard to push the liquid out of the syringe and drop 

it onto the solution because it was too jelly-like.
When the two solutions were ready for the spherification process, when I sucked up the liquid half-way into the syringe and tried to squirt it out onto the 

alginate solution, the drop stopped on the solution and it didn’t form a sphere at all, it just dissolved or froze each time I added a drop onto the 
solution. It was hard to squirt out of the syringe. The chemical input was also too much and that’s why it was too gel-like in both of them.

Orange Juice-
1:30:00 to 30:00- The orange was only a little bit foamy but it gradually started having several bubbles at a time. After it had been taken out of the fridge, it 

still had bubbles.
It wasn’t really that hard to squirt the fluid out of the syringe because I followed the manual but it still contained a lot of chemicals because of the wrong 

readings of the scale.
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Direct spherification:
Coffee-
After an hour; 34:00 mins:
The coffee was still a little foamy but I'll leave in the fridge for about 30 more mins to reduce the foamy bubbles on the liquid surface.
30 seconds:
The coffee was still foamy but I think it might dissolve or it'll still be a little bit foam-like.
5 mins:
After 25 mins of waiting, the coffee still looks foamy, so I'll have to leave it in the fridge long enough or overnight. I am not certain because, as I keep writing 

and observing the liquid, it continues to stay foamy no matter how many hours or minutes that it needs to decrease the foamy look.
About 27 or 25 mins:
After 5 mins, it was still foamy, so I decided to refrigerate it overnight and then I just put 30 mins on again.
So, after those hours and minutes of waiting, I then sucked the liquid up in the syringe and squeezed some of the fluid out onto the liquid’s surface. The tiny 

drop almost went down to the bottom of the bowl and then I think the solution’s gravity pushed the drop back up to the surface. That is when I 
discovered that it formed the liquid sphere the way I wanted it to. I then put each batch that I dropped from the syringe on the top of the liquid, I also 
found out that when you put each batch of the boba into the baths and you leave it in there for very long, the liquid center of the sphere starts to 
shrink while the outer shell takes over the solidifying of the whole sphere. When I squeezed the boba, it was kind to get the liquid popped out of the 
sphere. I’m thinking about why that happened is because of 1 hour of the liquid being refrigerated and 2 mins per batch of coffee bobas in each of the 
three baths.

Orange Juice-
After those hours of waiting, I then used the syringe and pushed the liquid out to put in the solution but it just dissolved. The reason why this happened is 

because of its calcium amount and acidity. The whole drop of the liquid just dropped into thin air to the bottom of the bowl.
Conclusions- 
I predicted that the direct spherification process would work for the coffee because it meets all of the requirements for this experiment and the orange juice 

wouldn’t.  Coffee met all these requirements for direct spherification; Calcium- little or none at all (perfect), acidity- 6.4 (perfect), technique- 4 inches 
above the bowl (same for both processes, around 3-5 inches, correct), time- about an hour or more minutes if required (as long as it is not too long or 
too short). These are requirements that the orange juice didn’t meet; Calcium- 30 mgs (perfect for reverse spherification), acidity- below or around 
6.4, technique- 4 inches (same for both reverse and direct spherification for both liquids, coffee and orange juice), Time- 1 hour or more if it needed it. 
In the reverse spherification however, I predicted that the coffee would fail because of its variables that didn’t match the experiment’s variables, but in 
the orange juice it succeeded but most of the spheres I saw were almost perfect spheres. Here are the requirements that coffee maybe didn’t meet; 
calcium- little or none at all, acidity- perfect like 4-10 (coffee had 6.4), viscosity- low (supposed to be high resistance of flowing), time- 2 hrs. The direct 
spherification process like in my research says; low or no calcium, around 4-10 pH range, 3-5 inches with syringe above the bowl, and not too long or 
too short in time. Reverse spherification requirements; around 0.2% of calcium meaning a lot of calcium, acidity must be around 4-10 pH range, 
viscosity is supposed to be high, and not too long or too short of time.
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