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ABOUT THIS BOOK

The international Genetic Engineered Machines (iGEM) is the
largest international competition on synthetic biology. It gives
high school, undergraduate and graduate students the
opportunity to expand and apply their knowledge of the
newest techniques in synthetic biology to come up with novel
solutions for problems faced by humanity, while building an
cooperative and open community of future and young
scientists.
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The iGEM Vitamin Cookbook

iGEM
TU DELFT

One in three people suffer from deficiencies in micronutrients, also
known as hidden hunger. Vitamins are a class of micronutrients that play
an important role in a healthy pregnancy, cognitive function and
erythrocyte production, amongst other important roles in health.
Deficiencies in vitamins are prevalent throughout the world, most
noticeably in sub-Saharan Africa and South Asia.
The 2021 TU Delft iGEM team is a multicultural team settled in the
Netherlands. For the 2021 iGEM competition we worked on the
development of AptaVita, a modular, cheap and rapid vitamin detection
test. Our aim is to provide an easy solution for improving the data
availability on vitamin deficiencies in low-income countries by testing at
the point of care. This will help involved actors to develop more efficient
strategies against vitamins’ deficiencies
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The iGEM IONIS team based in Paris, France is composed of 10
students from the whole IONIS group, a vast education network in
France, with various domains of expertise. From applied sciences to
communication and design.
We are working on the development of an easy-to-use and effective
self-test to measure vitamin B12 blood levels. Our device should be
accessible to everyone in terms of price and require only to change
cartridges after usage. The system for measuring blood level of the
vitamin that we are working on will be based on the co-culture of two
species of bacteria working together to capture B12 in blood and
produce electricity depending on vitamin concentration. As a result the
color signal will be produced indicating the level of the B12 in blood.
B12 can only be found in animal products so people with vegan diets
require supplements and to track their blood level to avoid severe
consequences of B12 deficiency such as mental and immune problems.

iGEM
IONIS
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iGEM
UNBC

The synthesis of vitamin D is dependent on the exposure of skin to UV
light from sunlight. The characteristics of northern climates, including
cold weather and limited sunlight, pose a danger concerning vitamin D
deficiencies. In northern communities in British Columbia, Canada,
vitamin D testing is expensive and time-consuming; local laboratories
do not have the necessary equipment, and so blood samples must be
transported to the lower mainland for testing.
Our goals: An inexpensive, rapid, and simple vitamin D test.
• Inexpensive – More cost-effective than other techniques in our region.
• Rapid – A fluorescent signal by our strain’s molecular machinery will

allow for efficient quantification.
• Simple - A benchtop kit with minimal equipment requirements.
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INTRODUCTION
Vitamins are good for your health, as you probably already know. But…

Why are they good for your health? And what do they exactly do? In
fact, what are vitamins even? This is what we are going to find out here.

Vitamins are little molecules or substances that your body needs in
order to function properly. This can be to give you energy, to grow or

heal from a wound you just got when playing sports. Proteins are
usually seen as the main machines in your body cells. Yet, vitamins help

the proteins to function properly.
You do not need a very high dose of vitamins, but you do really need to
get them. Unlike proteins, hormones, RNA and many other substances

of the body, we cannot make vitamins ourselves. So a good diet is
essential for your vitamins.

In general, there are 2 types of vitamins: fat soluble and water soluble
vitamins. The difference between those two plays a big role in choosing

your diet. Why? Water soluble vitamins dissolve in your blood, and can
thus easily transport throughout the body. Fat soluble vitamins need a

carrier to transport through your blood (these are special proteins).
However, they are easily stored inside your cell. As such, fat soluble
vitamins stay in your body for longer, whilst water soluble cells leave

your body easily. Thus, you need less of the fat soluble vitamins on a
daily basis. This is good! But the negative effect is that you can also

easily overdose on fat soluble vitamins. It’s all about balance.
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THE ABC…DEK ON VITAMINS

Before getting the kitchen dirty and our stomachs full and happy, we

would like to explain to the reader important information related to each
vitamin such as their relevant role in health, their recommended nutrient

intake, and comment on some foods that are rich in each specific
vitamin (check our vitamin cheat sheets at the end of the book!).

Vitamin A

Vitamin A, also known as retinol, is an essential nutrient needed in small
amounts by humans for the correct functioning of the visual system (it
makes sure you see everything sharp!), growth and development; and

maintenance of epithelial cellular integrity, immune function, and
reproduction.

The Recommended Nutrient Intake (RNI) is the daily vitamin (or
nutrient) intake that meets the nutrient requirements of almost all

healthy individuals. The RNI is an age- and sex-specific parameter,

varying for specific demographic populations. To know how much
vitamins you need, scan the QR code! (Information provided by the
World Health Organization)

nutrient) intake that meets the nutrient
requirements of almost all healthy individuals.

The RNI is an age- and sex-specific

parameter, varying for specific demographic
populations. To know how much vitamins you
need, scan the QR code! (Information
provided by the World Health Organization)



9The iGEM Vitamin Cookbook

Vitamin B group

The B group consists of different vitamins:
• Vitamin B1, also known as Thiamin, helps the body to break down

and release energy from food, and it keeps the nervous system

healthy.
• Vitamin B2, also known as riboflavin, helps to keep skin, eyes, and

the nervous system healthy. Moreover, vitamin B2 helps the body
release energy from food.

• Vitamin B3, also known as niacin, helps the body to release energy

from food and it helps to keep the nervous system and skin healthy.
• Vitamin B6 is essential to maintain a healthy nervous system.
• Vitamin B9, known as folate, helps to form DNA and RNA. It is also

needed to produce healthy red blood cells and is critical during
periods of rapid growth, such as during pregnancy.

• Vitamin B12, also known as cobalamin, is needed for the correct
formation of red blood cells and DNA. Additionally, it plays a major
role in the function and development of brain and nerve cells.

THE ABC…DEK ON VITAMINS
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THE ABC…DEK ON VITAMINS
Vitamin C

Vitamin C, also known as ascorbic acid, helps to protect cells, to
maintain healthy skin, blood vessels, bones and cartilage, and helps
with wound healing. A lack of vitamin C can lead to scurvy.

Vitamin D

Vitamin D is required to maintain normal blood levels of calcium and
phosphate. This is essential, because calcium and phosphate are
needed for the normal mineralization of bone, muscle contraction, nerve

conduction, and general cellular function in all cells of the body.

Vitamin E

Vitamin E helps maintain healthy skin and eyes, and strengthen the
body's natural defense against illness and infection.

Vitamin K

Vitamin K is required for blood clotting thereby helping the process of
wound healing.
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MATOKE
Ingredients
• 4 green matoke
• 2 tablespoons oil
• 1 onion chopped
• 1 teaspoon grated ginger
• 2 cloves garlic chopped
• ½ teaspoon cumin

• 1 can chopped tomatoes or 400g
• ½ can kidney beans or 200g, drained
• ½ cup vegetable stock or water
• ½ teaspoon chilli flakes
• Salt to taste
• ½ cup coriander chopped

Cooking instructions
1. Wash the bananas. Remove the tops and the ends.
2. Boil the bananas in hot water for approximately 10 mins, then remove them

from the heat
3. Allow the bananas to cool down before peeling off the skin.
4. Heat oil in a saucepan
5. Add onions to the pan and stir them for a few minutes until the onions become

transparent.
6. Add the cumin, garlic and ginger. Stir continuously for about 1 minute, then add

the chopped tomatoes and the beans
7. Pour in the stock or water with a dash of salt. Add the chilli flakes and cover the

pan.
8. Allow to simmer for about 10 mins.
9. Pour in the bananas.
10.Leave to simmer for additional 5 mins under low heat, then add the coriander.
11.Use a wooden spoon to slightly mash the content of the pot to the consistency

you desire.
12.Remove from heat and serve.

Nutritional values per serving
• Calories: 412 kcal
• Carbohydrates: 73 g
• Protein 5 g
• Fat: 15 g

• Vitamin A: 2801 IU
• Vitamin C: 58 mg
• Calcium: 87 mg
• Iron: 4 mg
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ROLEX
Ingredients Chapati
• 3 cups or 385 grams of all-purpose 

flour (additionally a little flour for 
kneading) 

• 1 teaspoon of salt 
• 3 tablespoons of oil 
• 1¼ cups of water (300 mL)

Cooking instructions Chapati
1. Add the flour, salt and oil to a large boil and mix thoroughly
2. Add the water a little at a time until the dough becomes soft and sticky
3. Knead the dough for 10-15 minutes on a floured surface until the dough is

smooth and elastic
4. Cover the bowl with dough for 20-30 minutes in a warm place
5. Again work on a lightly floured surface and divide the dough into 8 equal parts
6. Roll each piece into a circle. You can roll out the dough into a circle and cook

the Chapatis at this point. However, if you want a flaky and well-layered chapati,
move on with the rest of the steps below.

7. Lightly brush the rolled out chapati with some Oil and roll it as you would roll up
a mat.

Ingredients Rolex
• 2 chapati
• 4 eggs 
• ½  cup of tomatoes 
• ½ cup of onions 
• 1 bunch of cilantro 
• ½ tablespoon of salt 
• 2 tablespoons of oil
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8. At this point, it should be like a rope. Roll the ”rope-like” to form a coil. Pull the
tip towards the center of the coil and tuck in using your index finger. Cover it up
with a damp towel and leave it to rest for about 10 to 15 minutes.



10.Flour your work surface again and start rolling out each of the coiled dough to
about 1/8th thickness (the dough will eventually shrink up to about 1-2/4 inch
thickness).

11.Preheat a non-stick pan or a heavy bottom skillet. Place the chapati on inside
the pan and leave it to cook for a few seconds before disturbing it.

12.Brush the surface of the chapati with a very thin layer of oil. Once you begin to
see bubbles rise on top of the chapati, flip it over to the other side and brush it
also with a thin layer of oil.

13.Continue to flip over about one or two more times until you achieve your
desired brownness. Serve hot or warm and enjoy.

Cooking instructions Rolex
1. Add eggs, tomatoes, onions, cilantro and

salt into a bowl and whisk together.
2. Heat a pan and add the oil. Pour the egg

and vegetable mixture into the pan
3. Let the egg mixture cook for some minutes

until the underside is golden brown. Then
flip the omelet and cook the other side.

4. Finally, place the cooked chapati on a plate.
Top with omelet and roll the chapati and
omelet tightly.
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Nutritional values per serving
• Calories: 456 kcal
• Carbohydrates: 43 g
• Protein 20 g
• Fat: 23 g
• Vitamin A: 126 µg

• Vitamin B1: 0.54 mg
• Vitamin D: 2 µg
• Calcium: 82.35 mg
• Iron: 4.67 mg
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LUWOMBO

Ingredients Chapati
• 900 grams diced beef meat
• 1 cup grounded unsalted peanuts
• 2 chopped onions
• 4 chopped tomatoes
• 1 cube chicken bouillon
• 1 cup sliced mushrooms

• 1 piece of smoked fish
• Salt
• Pepper
• Banana leaves
• 6 plantains

Cooking instructions
1. Sauté the meat in a lightly oiled pan until browned on all sides. Set aside.
2. Heat a tablespoon of oil in a pan, then add the onions and cook for 2 minutes.
3. Add tomatoes, chicken bouillon cube, salt, pepper, peanuts, mushrooms and

smoked fish. Add water to simmer ingredients for 8-10 minutes until forming a
smooth sauce.

4. Add mix and meat.
6. Cut banana leaves to form 10-inch wide rectangles. Remove mid rib.
7. Fold the leaf on the sides, then fold the other two ends to form a small pouch.
8. Tie with a string, then repeat with the rest of the mixture.
9. Place a rack in the bottom of a large pot and add water to the bottom. Place

the pouches on top of the rack and cover.
10.Add the plantains over in the pan. Bring to a boil and steam for at least two

hours.
11.Take plantains out of the pouch and mash with a fork.
12.Serve luwombo with mashed plantains.
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Nutritional values per serving
• Calories: 662 kcal
• Carbohydrates: 82 g
• Protein 33 g
• Fat: 23 g
• Vitamin A: 126 µg
• Vitamin B1: 0.371 mg
• Vitamin B2: 0.283 mg

• Vitamin B3: 4.961 mg
• Vitamin B5: 1.549 mg
• Vitamin B6: 0.31 mg
• Vitamin C: 51.4 mg
• Calcium: 37.3 mg
• Iron: 4.32 mg
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VEGAN CASHEW 
PARMESAN CHEESE

Ingredients
• 1 cup raw organic cashews
• 6 tablespoons nutritional yeast
• ¼ teaspoon sea salt

Cooking instructions
1. Preheat your oven to about 350 degrees.
2. Line a baking pan with tin foil and place the cashews on it.
3. Roast the cashews for about 10 minutes, shaking the baking pan a few times

throughout the 10 minutes so that the cashews roast evenly.
4. Combine all ingredients in a food processor until the mixture is crumbly and

there are no more visible cashew pieces. The final result should look a little like
graham cracker crumbs.

5. Add to any recipe that calls for Parmesan cheese, sprinkle on top of pastas,
salads, or vegetables, or mix with flavored oils for dipping bread. Enjoy!
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Nutritional values per serving
• Calories: 102 kcal
• Carbohydrates: 7 g
• Protein 6.2 g
• Fat: 5.6 g
• Vitamin B1: 540 µg

• Vitamin B9: 3.19 µg
• Vitamin K: 4.4 mg
• Iron: 0.85 mg
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CABBAGE & TOFU QUINOA 
STIR FRY

Ingredients
• 170 g quinoa
• 473 ml water
• 266 g firm tofu
• 2 tablespoons sesame seeds
• 4 tablespoons soy sauce
• 1 tablespoon toasted sesame oil
• 227 g white cabbage (sliced)

Cooking instructions
1. Cook the quinoa until the water is all absorbed (around 15-20 minutes).
2. In the meantime, dice tofu in 1x1cm cubes.
3. Slice cabbage in fine stripes.
4. Use a big skillet and roast the tofu from all sides until golden brown for about

10-15 minutes on medium heat together with the sesame oil.
5. Add the cabbage and the soy sauce and fry everything for another 5-10

minutes.
6. Mix everything with the quinoa and adjust to taste.
7. For serving, sprinkle the sesame seeds on top.
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Nutritional values per serving
• Calories: 237 kcal
• Carbohydrates: 16 g
• Protein 16 g
• Fat: 14 g
• Vitamin B1: 0.234 mg
• Vitamin B2: 0.166 mg

• Vitamin B6: 0.232 mg
• Vitamin B9: 70.9 µg
• Vitamin C: 20.9 mg
• Iron: 3.26 mg
• Calcium 469.74 mg
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ORANGE SALMON
Ingredients
• 1 small red onion
• 1 skinned salmon fillet (about 900 g)
• 1/2 teaspoon salt
• 1 medium navel orange, thinly sliced
• 2 tablespoons extra virgin olive oil
• 1 tablespoon minced fresh dill

Cooking instructions
1. Preheat oven to 375°. Place a 72x46 cm piece of heavy-duty foil in a 25x18x2.5

cm baking pan.
2. Peel outer layers of the red onion and cut in thin slices.
3. Place the onion slices in a single layer on the foil. Place the salmon fillet on top

and sprinkle with salt.
4. Arrange orange slices over top. Drizzle with oil.
5. Cover the baking pan with a second piece of foil. Bring edges of foil together on

all sides and crimp to seal, forming a large packet.
6. Bake for 25-30 minutes or until fish just begins to easily flake when a fork is

used. Be careful of the escaping steam when opening the packet. Remove to a
serving platter

7. Sprinkle with dill.
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Nutritional values per serving
• Calories: 292 kcal
• Carbohydrates: 3.6 g
• Protein 31 g
• Fat: 17 g
• Vitamin B9: 8.6 µg
• Vitamin C: 12.8 mg



25



STEAK AND EGG HASH
Ingredients
• 1 beef sirloin steak, sliced
• 450 g potatoes, cut into small pieces
• Salt and ground black pepper to taste
• 1 sweet onion, chopped
• 4 large eggs
• 1 cup cherry tomatoes, halved
• Dried Italian seasoning

Cooking instructions
1. Cook the steak in the cast iron skillet over medium heat, flipping half way

through until entirely cooked through. Remove to a plate and reserve the
drippings in the skillet.

2. Add the potatoes to the skillet and season with salt and pepper.
3. Cook, stirring occasionally, until tender, (8 to 12 minutes).
4. Add the onion and cook until lightly browned and the potatoes are cooked

through, (3 to 5 minutes).
5. Cut steak into pieces and return to skillet, reduce the heat to low.
6. Make 4 shallow wells in the potato mixture and crack an egg into each one.
7. Scatter the tomatoes throughout the skillet and cover; cooking until the egg

whites are set but the yolks are still runny ( 6 to 12 minutes)
8. Season the eggs with salt and pepper, sprinkle with italian seasoning.
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Nutritional values per serving
• Calories: 292 kcal
• Carbohydrates: 40 g
• Protein 32 g
• Fat: 10 g
• Vitamin A: 122 µg
• Vitamin B1: 0.24 mg

• Vitamin B2: 0.504 mg
• Vitamin B6: 0.807 mg
• Vitamin B9: 23.77 µg
• Vitamin B12: 1.51 µg
• Vitamin C: 42.7 mg
• Iron: 5.27 mg
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OLIVE DEVILLED EGGS
Ingredients
• 6 eggs
• 1/4 to 1/3 cup mayonnaise or plain whole Greek yogurt
• 2 tsp pickle juice
• 1 tsp ground mustard
• 1/4 tsp melted butter or non dairy butter (optional).
• Pickle juice (optional)
• 1/4 tsp sea salt
• 1/4 tsp black pepper
• 12 green olives with pimentos
• Chili powder or paprika for topping

Cooking instructions
1. Hard boil eggs. Let them cool before peeling. Once peeled, slice eggs vertically.
2. Scoop out the yolk and place in a bowl. Mix mayonnaise or yogurt and melted

butter together. Combine with the rest of your ingredients, except for paprika
and olives. The more yogurt you use, the creamier.

3. Taste and see if it’s salty enough, if not, add more salt or pickle juice. Mix until
smooth

4. Scoop a 1/2 tbsp to 1 tbsp of egg yolk mix into your egg white halves.
5. Smooth the the surface of the egg and then place an olive with pimento on top.
6. Sprinkle with paprika or chili powder after.
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Nutritional values per serving
• Calories: 292 kcal
• Carbohydrates: 0.9 g
• Protein 6.6 g
• Fat: 28 g
• Vitamin A: 79.94 µg

• Vitamin B2: 0.26 mg
• Vitamin B9: 23.77 µg
• Vitamin B12: 0.58 µg
• Vitamin D: 1.15 µg
• Vitamin K: 45.1 µg



THE VITAMINS CHEAT SHEET

The recipes included in this book are rich in specific vitamins. Yet, we
can increase the nutritional value on specific vitamins, and other
nutrients, by incorporating specific ingredients to our recipes. In this

section, we list ingredients rich in specific vitamins for the readers to be
aware and consider alternatives or additions they could do to their
dishes depending on their needs. From here on, it is a matter of testing,
tasting and enjoying!

Vitamin A

Vitamin A, con be obtained from food in two different forms: Preformed
vitamin A or provitamin A. Each can be found in different types of food:
Preformed vitamin A is found almost exclusively in animal products.

§ Liver and fish liver oils
§ Egg yolk

§ Whole milk and other dairy products.

Provitamin A. Provitamin A food sources tends to have less biologically
available vitamin A but are more affordable.

§ Green leafy vegetables such as spinach, amaranth, and young
leaves from various sources.

§ Yellow vegetables: pumpkins, squash, and carrots
§ Yellow and orange non-citrus fruits: mangoes, apricots, and

papayas.

§ Red palm oil.
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THE VITAMINS CHEAT SHEET
Vitamin B group

Vitamin B1:
• Peas
• Bananas

• Oranges

• Nuts
• Wholegrain bread
Vitamin B2:
• Milk

• Eggs

• Mushrooms
• Plain yoghurt
Vitamin B3:
• Red meat

• Fish

• Wheat flour
• Eggs
Vitamin B6:
• Red meat (organs)

• Fish

• Potatoes and other starchy vegetables
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Vitamin B group

Vitamin B9:
• Dark green leafy vegetables
• Beans

• Peanuts

• Sun flower seeds
• Whole grains
• Eggs
• Sea food

Vitamin B12:

• Fish and shellfish
• Red meat (& organs)
• Eggs
• Poultry

• Dairy

Vitamin C

Fruits: Citrus, melons, cherries, kiwi fruits, mangoes, papaya,
strawberries, tangelo, tomatoes, and watermelon.
Vegetables: cabbage, broccoli, brussels sprouts, bean sprouts,

cauliflower, kale, mustard greens, red and green peppers, peas, and
potatoes.
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Vitamin D

Vitamin D can either be made in the skin from a cholesterol like
precursor by exposure to sunlight or can be provided pre-formed in the
diet. Vitamin D sources include:

• Oily fish (e.g. salmon, sardines, herring, and mackerel)

• Red meat
• Liver
• Egg yolks.

Vitamin E

• Nuts
• Avocado
• Spinach

• Broccoli
• Kiwi
• Fish
• Pumpkin
• Sunflower/Olive Oil

Vitamin K

• Green leafy vegetables (e.g. broccoli and spinach)
• Vegetable oils
• Cereal grains
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FOR MORE INFORMATION 
ON VITAMINS
Please visit:

• World Health Organization (1998). The Vitamin and mineral
requirements in human nutrition. Second edition.
http://apps.who.int/iris/bitstream/handle/10665/42716/92415461

23.pdf;jsessionid=FDBDEFB0F3D50210477E84E9AEA33075?seq
uence=1

• Morgan-Griffin, R. (2020). Food Sources for Vitamins and Minerals.
WebMD. https://www.webmd.com/food-recipes/guide/vitamins-
and-minerals-good-food-sources

• National Health Service. (2020). Overview: Vitamins and minerals.
https://www.nhs.uk/conditions/vitamins-and-minerals/
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