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INGREDIENTS: WATER (75%), SUGARS (12%) (GLUCOSE (48%), FRUCTOSE (40%), 
SUCROSE (2%), MALTOSE (<1%)), STARCH (5%), FIBRE E460 (3%), AMINO ACIDS 
(<1%) (GLUTAMIC ACID (19%), ASPARTIC ACID (16%), HISTIDINE (11%), LEUCINE 
(7%), LYSINE (5%), PHENYLALANINE (4%), ARGININE (4%), VALINE(4%), ALANINE 
(4%), SERINE (4%), GLYCINE (3%), THREONINE (3%), ISOLEUCINE (3%), PROLINE 
(3%), TRYPTOPHAN (1%), CYSTINE (1%), TYROSINE (1%), METHIONINE (1%)), 
FATTY ACIDS (1%) (PALMITIC ACID (30%), OMEGA-6 FATTY ACID: LINOLEIC ACID 
(14%), OMEGA-3 FATTY ACID: LINOLENIC ACID (8%), OLEIC ACID (7%), 
PALMITOLEIC ACID (3%), STEARIC ACID (2%), LAURIC ACID (1%), MYRISTIC ACID 
(1%), CAPRIC ACID (<1%)), ASH (<1%), PHYTOSTEROLS, E515, OXALIC ACID, 
E300, E306 (TOCOPHEROL), PHYLLOQUINONE, THIAMIN, COLOURS (YELLOW-
ORANGE E101 (RIBOFLAVIN), YELLOW-BROWN E160a), FLAVOURS (3-
METHYLBUT-1-YL ETHANOATE, 2-METHYLBUTYL ETHANOATE, 2-
METHYLPROPAN-1-OL, 3-METHYLBUTYL-1-OL, 2-HYDROXY-3-METHYLETHYL 
BUTANOATE, 3-METHYLBUTANAL

https://jameskennedymonash.wordpress.com/2014/01/11/bananablueberryegg-ingredients-posters-pdfs/

Foods are made of Chemicals

https://jameskennedymonash.wordpress.com/2014/01/11/bananablueberryegg-ingredients-posters-pdfs/


Chemical names can be scary

Food Additives

Retinol Vitamin A

Calciferol Vitamin D

Tocopherol Vitamin E

Phylloquinone Vitamin K

Thiamine Vitamin B1

Riboflavin Vitamin B2
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Hazard vs Risk



All Chemicals can be Hazardous
Defined by LD 50 (concentration given all at once)
• Water 8000 g
• Sucrose 2000 g
• Vitamin C 840 g 
• Alcohol 500 g
• Salt 225 g
• MSG 15 g
• Nitrite 12.6
• Caffeine 10 g
• Capsaicin 3 g
• Aflatoxin 0.2 g
• Botulism 0.0003 g



Not all chemical have high risk because 
exposure is typically low
• Capsaicin LD50 = 3 g
• Habanero pepper flesh has 31 mg capsaicin/g dried pepper
• 50% risk = 100 g capsaicin = >100 dried peppers

• Ethanol LD50 = 500 g
• Bottle of vodka has 237 g ethanol

Toxicity of foods is often self-limiting. You would probably stop before eating 
100 habaneros or pass out before drinking more than two bottles of vodka



Acute vs Chronic Risk

• Acute is short time risk 
• Chronic is long term risk
• Usually happens when your body can not remove chemicals efficiently

• Methyl mercury = 80 days
• Lead = 1-1.5 months
• Arsenic half-life = 10 hours 

• Also varies at life stage 
• Infants and toddlers most susceptible because of rapidly developing tissue



Examples of Federally Regulated Food 
Additives

FDA has approved over 10,000 
food additives

This is not 10,000 different chemical 
because every form of a chemical has 
to be approved (e.g. calcium, potassium and 
sodium salts of vitamin C).

Some of these additives are not intentionally 
added to food (e.g. pesticides)



How food additives are approved

• Food Additive Petition
• Proposed use
• Expected exposure level
• Safety data

• Literature search
• Animal experiments: Genetic, Carcinogenicity, Reproduction, Development

• Environmental impact

• FDA reviews and approves or rejects
• Usually for synthetic compounds not found in nature
• Extremely expensive to obtain safety data, typically  >$1 M



How food additives are approved

• Generally Recognized as Safe (GRAS) Food Additives
• Many ingredients used before 1958 were given GRAS status due to their long 

history of use (reevaluated in the 1960s).
• In 1997, FDA determined that GRAS status could be determined by outside 

experts
• Sponsor notifies FDA of their intended use of the food ingredient.
• Sponsor still needs toxicological data and intended levels of use.
• FDA reviews petition



GRAS Ingredients

• Most GRAS ingredients come 
from natural foods with a 
consumption history or a known 
food component (e.g. protein or 
fat) from an new food source 
(e.g. stevia from candyleaf)
• GRAS ingredients are 

continuously monitor and their 
GRAS status can be revoked



Partially Hydrogenated Vegetable Oil (PHO)

• In 2015, the GRAS status of partially hydrogenated vegetable oil was 
revoked by FDA
• Reason was that trans fatty acids produced by partial hydrogenation were 

associated with increase risk of heart disease
• The science on the risk of trans fatty acids in heart disease is not settled 
• However, economic alternatives to partially hydrogenated vegetable oils were 

available
• Tropical oils
• Interesterified fats for baked good
• High oleic oils for frying

• Companies had to remove all PHO by 2020

Wikipedia



Unintended Consequent: Palm Oil in U.S. 
after PHO ban
Hydrogenated oil no longer allowed



California Bans Food Additives (2023)

• Brominated vegetable oil – makes the density of oil and water the 
same minimizing separation (orange soda)
• Potassium bromate- Flour bleaching agent
• Propylparaben – antimicrobial agent – baked and canned goods
• Red Dye 3 – candies, beverages and frostings
• FDA still considers safe
• California decision based on animal studies
• California bans usually extend nation wide.

https://www.jonesday.com



California Bans Food Additives

• Replacements
• Brominated vegetable oil – glycerol ester of wood rosin
• Potassium bromate- ascorbic and citric acid
• Propylparaben – Sodium benzoate and potassium sorbate
• Red Dye 3 – carmine – insect extract



Alternatives to Synthetic Food Additives

• Major area of current research 

• Natural Colors
• Blue – Butterfly pea flower, Spirulina
• Red – Beet, carmine
• Orange – Carrots, annatto
• Yellow – Turmeric

• Natural Antioxidants
• Tocopherols (vitamin E)
• Rosemary extracts

• More expensive and less effective
• Can shorten shelf-life and result in food waste



Packaging – not listed on label
• Vacuum packing now common in retails meats
• Long time resistance due to color differences

• Modified atmosphere packaging in salad and meat
• Gases used in headspace to decrease microbial growth

• Active packaging
• Antimicrobial – deli meats
• Oxygen scavengers – beer caps
• Ethylene scavengers – decreases ripening during transportation of fruit



Processing – not listed on label

• High pressure processing
• Kills bacterial
• Guacamole, deli salads

• Cold plasma technology 
• Activates oxygen to kill microorganisms
• Sprout seeds (Clean Crop Technology, Holyoke, MA)

• Microbubble technology
• Decrease use of sanitizers and water

https://ag.purdue.edu/department/asec



Gene Editing

• CRISPR - Clustered Regularly Interspaced Short Palindromic Repeats
• CRISPR changes genetics within organisms to increase or decrease metabolic 

pathways 
• GMO introduces new genes into an organisms to create new molecules

• Plant varieties have variations in color, flavor, nutrition and shelf-life
• Traditional breeding attempts to find naturally occurring plants that have 

desired metabolic pathways to creates desirable traits
• This can take years
• Often accelerated by irradiating seeds to cause genetic mutations

• CRISPR is faster and more accurate because it can modify one specific 
pathway at a time
• No other pathways are change minimizing the chance of harmful products being formed



CRISPR Foods

• FDA approved
• Superfood mustard greens – decreased bitterness but maintain nutrients
• Sicilian Rouge tomato - increased concentration of micronutrient
• Reduced PPO mushrooms – decreased browning
• Short haired cattle – decrease heat related deaths (annual loss of $400 M)

https://www.discovermagazine.com/the-sciences/can-crispr-feed-the-world



Future CRISPR

• Change/increase plant colors – make natural colors cheaper
• Improve flavor – stop off flavor development in lentils
• Increase vitamins – High vitamin D tomatoes
• Control ripening – Prevent over ripening in tomatoes
• Improve safety – remove cyanide from Cassava, remove allergenicity
• Improve nutrition – change caloric content of starch

https://www.althedahealth.com/blog/2023/07/18/the-resistant-starch-report



Risk vs Benefit

• Some foods/diets have both a risk and benefit
• Seafood

• Low calorie and excellent source of vitamins, mineral and omega-3 fatty acids
• Some species are also high in methyl mercury
• Omega-3 are good for heart health and brain development
• Mercury causes kidney and central nervous system damage (especially in infants)
• Risk is high in pregnant women and infants
• Benefit is high in individual that has heart attacks

• Selection of the correct fish species can overcome risk



https://www.shortform.com/blog/expecting-better-fish-chart/

https://www.seafoodnutrition.org

Salmon



Risk vs Benefit in Diets

• Gluten Free
• Benefit

• Improves intestinal health
• Increases nutrient absorption

• Risk
• Diet low in 

• Fiber
• Iron and calcium
• Vitamin B’s, D and E
• Mostly due to lack of enriched and whole grain flours

• Must carefully plan diet and/or take supplements
• Benefit is high for individual with Celiac disease
• Risks is higher for healthy individual on gluten free diets

https://www.goglutenfreely.com/celiac-disease-foundation-expo-products/



EDTA

• EDTA is an extremely effective antioxidant in food emulsions (mayo 
and salad dressings)
• Benefit
• Increases shelf-life by decreasing rancidity
• Protects flavor

• Risk of removal
• Increase presence of toxic lipid oxidation products in food



Toxicity of Lipid Oxidation products in mice
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Conclusions

• There is a need to continuously monitor the safety of food additives
• Many synthetic food additives can be replaced with natural 

alternatives but this is often more expensive and less effective
• Other technologies can be used to replace food additives
• Packaging
• Processing
• Gene Editing

• Decision should be base on hazard vs risk vs benefit


