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INTRODUCTION



Food waste (FW) can be defined as the …

“end products of various food processing industries that 

have not been recycled or used for other purposes.

They are the non-product flows of raw materials whose 

economic value is less than the cost of collection and 

recovery for reuse; therefore discarded as waste.”

United Nations Industrial Development Organisation

INTRODUCTION

Some definitions…

Food supply chain waste (FSCW) is organic material produced for human 

consumption that is discarded, lost or degraded primarily at the manufacturing

and retail stages, including waste arising from pest degradation or food spoilage. 

Food waste is generated at various points in the food supply chain, starting at the 

farm even before a commodity moves into the market and post-consumer use.



 More than 1.3 billion tons per year of food is globally produced for 

human consumption.

 Recent FAO reports estimate that about 50% of food produced is 

lost or wasted before and after reaching consumers.

 Represents major environmental, economic and social problem.

 Domestic waste represents a problem from a logistics viewpoint.

 Comparatively, waste produced by the agricultural and processing

sectors is generated in a more concentrated manner and is thus 

easier to collect and valorise.

INTRODUCTION

Food supply chain waste (FSCW)



Severe pollution problems due to high associated COD and BOD

Varying pH and chemical composition

Materials prone to bacterial contamination

High accumulation rate – disposal management problems –

decreasing landfill options

Uncontrolled greenhouse gas emissions

Contamination of water supplies through leaching of inorganic 

matter

Low efficiency of conventional waste management methods (i.e. 

incineration and composting)

INTRODUCTION

Problems arising from FSCW



INTRODUCTION

Strategies for reuse of food waste

Need to develop sustainable and innovative strategies for the 

reuse of food waste.

Food waste comprises significant quantities of functionalised 

molecules (i.e. carbohydrates, proteins, trigycerides, fatty acids, 

phenolics.)

Various waste streams contain valuable compounds including 

antioxidants which could be recovered, concentrated and reused in 

functional foods and lubricants additives.



INTRODUCTION

Why should 
FSCW be 
used as a 

raw 
material?

Increasingly 
stringent 

legislation Reduce the 
cost of 
waste

Satisfy 
public 

customer 
demand

Cradle-to-
grave 

concerns

Shift 
towards 
higher 

process, 
cost and 
resource 
efficiency

Reduce 
carbon 

footprint 
and 

dependence 
on fossil 

resources

Available 
everywhere 
in different 
concentrations

Renewable

Functionalised

carbon 
chains

High BOD 
and COD



INTRODUCTION

Current food waste valorisation practices

Current waste management practices for FSCW in decreasing order of 

added-value waste include:

Animal feed

Composting

Incineration

Landfill



INTRODUCTION

Advanced FSCW valorisation methods

Current management practices can be complemented with strategies 

to generate valuable products with current and novel applications

In essence – waste-based biorefinery

Emphasis on recovery, recycling and upgrading of wastes

Valorisation routes include extraction of valuable components for 

nutraceutical applications or conversion of co-products into 

chemicals, materials or biofuels.
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Food supply 

chain residues
Benign 

extraction
Bioconversion

cellulose

activated carbon

bio-adhesives

syn-gas

cellulose nanocrystals

nanocomposites

bio-surfactants

biofuels

natural chelants

PVC replacements materials

hydrogels

chemical 

monomers

alcohols

biosolvents

antioxidant lubricant 

fuel additives

PHAs

hemicellulose

bacterial cellulose

phytochemicals

chitosan

pectin

collagen

starch

phenols

amino acids
elastin

sugars

lipids

Advanced FSCW valorisation methods



INTRODUCTION

Advanced FSCW valorisation methods

Sectors of the chemical industry that could benefit from the use 

of FSCW as a raw material

Commodity 

chemicals

Chemical 

building blocks

Synthetic fibres

Fuel

Plastics and 

rubber

Consumer 

chemicals

Home and 

personal care

Coatings

Food additives

Food supply chain waste as a renewable feedstock for the 

chemical industry

Speciality

chemicals

Flavour and 

fragrances

Antioxidants

Adhesives

Pharmaceuticals



Current challenges, drawbacks and limitations of FSCW

Inherently heterogeneously variable composition (lipids, 

carbohydrates, proteins)

Fluctuating volumes in seasons

High water content and low calorific value

Fast deterioration due to contamination

Transportation to a central location for processing

Widespread distribution of food waste

…all contribute to challenge for development of robust large scale, 

consistent industrial processes

INTRODUCTION



INTRODUCTION

Types of food waste to be valorised

Organic crop residues e.g. fruit and vegetable pomace, husks, 

peels, stones, vegetable oils – comprise phytochemicals including 

phenolics, carotenoids, tocopherols - in high demand for the food, 

pharmaceutical and cosmetic industries.

Beverage industry e.g. generates large                                  

amounts of fruit pomace – prone to microbial                                

spoilage.

Drying operations thus required prior to implementing further 

valorization – cost factor.

Alternatively, residues can be immediately valorised after 

waste generation using clean technologies compatible to high 

moisture content.



INTRODUCTION

Types of food waste to be valorised

Catering waste e.g. residues generated in restaurants, pubs, coffee 

shops

90% of catering waste produced in these facilities is recyclable

Broadly composed of :

Used cooking oil

Mixed waste from food preparation, packaging and servicing

Separated waste e.g. organic, glass, cardboard, plastic
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OLIVE POMACE

Olive 

pomace is a 

rich, 

unexploited 

source of 

anti-

oxidants

Over 300 
olive 

growers and 
producers in 

SA
Olive 

farming is 
growing at 

20% pa

SA olive oil 
production 
= 700 000 

L p.a.

± 2.8 million 
L of waste 

pomace p.a. 
generated

Pomace
creates 

environmental 
problem as it 
is not easily 
biodegraded

>98% of the 
anti-oxidants 
in olives are 
found in the 

pomace

Data source: SA Olive 

industry Association

http://www.google.co.za/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjm7cOu1f3LAhWBfhoKHXjvBykQjRwIBw&url=http://www.21food.com/products/pure-olive-oil---refined-a-312731.html&bvm=bv.118817766,d.bGg&psig=AFQjCNExVz158IXotKdwQUNRK7UVhqHGkw&ust=1460157576043625
http://www.google.co.za/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwi9s4mY2_3LAhVJuBoKHebRB3oQjRwIBw&url=http://elenabrower.com/self-love/washing-up&bvm=bv.118817766,d.bGg&psig=AFQjCNEHkfGCexmj6KfE1mC59FKTDtjWCA&ust=1460159203100390


Freshly 

picked 

olives

Olives are stripped of leaves 

and stalks

Olives are 

washed

Olives 

pumped to 

hammer millHammer mill

Crushed 

olive pulp 

pumped to 

malaxation 

tank

Olive pulp is slowly malaxated 

and heated slightly for 45 min

OLIVE POMACE

2-phase olive oil processing



Olive pulp pushed along screw to 

separate liquid from pomace

Pomace separates and is 

pumped to tank outside

Separator 

where oil 

is 

separated 

from water 

phase

Unfiltered oil

Filter bankFiltered oilFiltered oil

Oil 

storage 

tanks
Unfiltered oil holding tank

waste pomace

OLIVE POMACE
2-phase olive oil processing



OLIVE POMACE

Characteristics of olives

Olives are very rich in antioxidants that 

may contribute to a variety of benefits, 

such as lower cholesterol and blood 

pressure. They may also reduce risk of 

cancer and bone loss.

Antioxidants in olives include oleuropein, 

hydroxytyrosol, tyrosol, oleanolic acid, and 

quercetin.

Olives are a good source of vitamin E, iron, 

copper, and calcium.

>98% of the anti-oxidants in 

olives are found in the pomace

Olive pomace is regarded as a potent source of natural antioxidants for 

use in pharmaceutical, nutraceutical, cosmetic and food industries.

In addition, olive phenolic fraction has 

been shown to exhibit antibacterial 

and fungicidal activities.

http://www.google.co.za/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjm7cOu1f3LAhWBfhoKHXjvBykQjRwIBw&url=http://www.21food.com/products/pure-olive-oil---refined-a-312731.html&bvm=bv.118817766,d.bGg&psig=AFQjCNExVz158IXotKdwQUNRK7UVhqHGkw&ust=1460157576043625


OLIVE POMACE

Characteristics of pomace

Characteristics of olive pomace obtained with the two-and

three-phase centrifugation systems. (Borja, 2006)

Ref: Gimeno E et al. Food 

Chemistry.2002:78(2):207-11

Parameters 3-Phase system 2-Phase system

Water added (%) 50 0-10

Pomace (kg/100 kg olive) 55-57 75-80

Pomace moisture (%) 45-55 60-75

Waste waters (kg/100 kg olive) 80-110 10

Oil (% on fresh pomace) 3.5-4.5 3-4

Pulp (%) 15-25 10-15

Stones (%) 20-28 12-18

Ash (%) 2-4 3-4

Nitrogen (mg/100 g) 200-300 250-350

Phosphorus (mg/100 g) 30-40 40-50

Potassium (mg/100 g) 100-150 150-250

Total phenolic compounds 

(mg/100 g)

200-300 400-600



OLIVE POMACE

Characteristics of pomace and extracts
Characteristics of fresh pomace and extracts of pomace from two olive cultivars originating from a

two-phase olive oil processing system (PhD study 2017 NMU)

Parameters Coratina Frantoio

Appearance Pomace:                    

Light olive green paste/pulp which 

includes broken stone and skin 

particles.

Aqueous extract:     

Yellow, clear solution 

Concentrated aqua residue:                         

Viscous, auburn brown residue.

Organic extract:        

Bright green clear solution. 

Concentrated organic residue:                                   

Viscous dark green liquid

Pomace:

Light violet paste/pulp which includes 

broken stone and skin particles.

Aqueous extract:

Yellow, clear solution 

Concentrated aqua residue:

Viscous, auburn brown residue.

Organic extract:

Light olive green clear solution. 

Concentrated organic residue:

Viscous dark green liquid

pH Pomace: 4.8                

Aqueous extract: 5.4

Pomace: 3.9

Aqueous extract: 5.3

Moisture content 64.57 % 53.45 %

Conductivity Aqueous extract: 782 µS/cm Aqueous extract: 754 µS/cm

Mass of residue 

obtained/ 15 g 

freeze-dried 

pomace (DW)(% 

recovery)

Aqueous extract: 

2.38 ± 0.18 g

(15.7 ± 1 %)

Organic extract: 

2.05 ± 0.15 g

(13.7 ± 1 %)

Aqueous extract: 

2.10 ± 0.14 g

(14.0 ± 1 %)

Organic extract: 

1.87 ± 0.14 g

(12.5 ± 1 %)



OLIVE POMACE

Extraction procedure

Soxhlet extractor

Reflux condenser

Olive pomace

Solvent mixture

Heating mantle

to vacuum



OLIVE POMACE

Extraction flow 

diagram



OLIVE POMACE

Extracts antioxidant composition

Oleuropein. This is 

the most abundant 

antioxidant in fresh, 

unripe olives and is 

linked to many health 

benefits.

Hydroxytyrosol. 

During olive ripening, 

oleuropein is broken 

down into 

hydroxytyrosol - also a 

powerful antioxidant.

Tyrosol. Most 

prevalent 

antioxidant in olive 

oil, though not as 

potent as 

hydroxytyrosol, it 

may help prevent 

heart disease. 

Squalene. Found in oil phase –

natural moisturiser/emollient –

also found in human skin 

hydrolipid layer

α-tocopherol: (vit E). Found in oil phase – powerful antioxidant 

– used in cosmetics, also as preservative

http://jn.nutrition.org/content/136/8/2213/F1.expansion.html


OLIVE POMACE

Extracts composition – cultivar comparison

Quantification of bioactive compounds in both aqueous and organic extracts of two-phase 

system olive oil pomace from Coratina and Frantoio. (PhD study 2017 NMU)



OLIVE POMACE

Extracts properties – cultivar comparison

Total phenolic content of Coratina and Frantoio hydrophilic extracts.

Profile plots (obtained from multiple regression 

analysis) for % antioxidant activity as a function of 

concentration for the two olive cultivar extracts

Results of average measured inhibition zones for 

antimicrobial activity of 1 mg/ml Coratina and Frantoio

aqueous extracts.

Microorganisms
Inhibition zones average 

(mm)

Fungi: Coratina Frantoio

Aspergillus niger 8.6 ± 1.4 13.3 ± 1.7

Penicillium

notatum

11.0 ± 1.0 12.0 ± 0.0

Bacteria:

Staphylococcus 

aureus (Gram +)

13.4 ± 1.4 13.4 ± 1.0

Escherichia coli 

(Gram -)

12.0 ± 1.0 14.0 ± 4.0 

Total phenolic content (mg gallic acid eq. per g dry weight)

Coratina Frantoio

20.41 8.07

(PhD study 2017 NMU)



OLIVE POMACE

Application as anti-aging actives in cosmetics

(PhD study 2017 NMU)

Topical gel

Topical cream

pomace extracts



OLIVE POMACE

Application as antioxidants in health supplements

Olive leaf extract –

commercially 

available

Freeze-dried 

olive pomace 

powder – sieved 

(125 – 250 µm 

particle size)

Possibility to use freeze-dried 

powder as compressed tablet, 

or within gelatine capsule.

Also, liquid 

extracts can 

be 

encapsulated



OLIVE POMACE

Application as antioxidants in animal feed
European animal feed antioxidants market, by 

livestock, 2012-2022, (Tons)
The global animal feed antioxidants 

market size was 183.4M USD in 2014. 

Factors driving the market:

increasing meat production in 

China, India, and the Middle East

rising awareness towards protein 

enrichment

availability of livestock at a 

domestic level
Antioxidants - natural or synthetic - have the 

ability to provide oxidation protection to feed by 

enhancing shelf life along with ensuring safety 

and quality. 
Antioxidants are also capable of 

protecting nutritional supplements in 

the feed from deterioration, which mainly 

include fats, vitamins, and pigments.

Source: Market Report: Animal Feed Antioxidants Market Analysis By Product 

(Natural, Synthetic), By Livestock (Swine, Poultry, Cattle, Aquaculture), And Segment 

Forecasts To 2022



OLIVE POMACE

Application as antioxidants in aquaculture feeds

Source; https://kepleybiosystems.com/aquaculture-feed/

https://kepleybiosystems.com/aquaculture-feed/
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SPENT COFFEE GROUNDS

Coffee consumption and waste

Millions of cups of coffee are 

consumed every day worldwide.

This produces tons of spent coffee 

grounds (SCG) in restaurants and 

cafeterias and also at domestic 

levels.

Traditionally these residues are 

considered as waste, or occasionally 

used as fertiliser. 

Most research efforts have been 

dedicated to the direct use of SCG 

rather than the recovery of 

potentially valuable components 

from it.



SPENT COFFEE GROUNDS

Spent coffee grounds (SCG) potential uses 

Increasing demand for foodstuffs free of artificial additives or with 

nutritional or health- added values induces the food industry to find 

new sources of antioxidants and bioactive compounds.

Recently several applications have been proposed to add value to 

coffee by-products.

Spent coffee grounds might be used for animal feed; for biofuel, 

biodiesel, or bioethanol production; as adsorbent and activated 

carbon; and also to extract antioxidants or other bioactive 

compounds.



SPENT COFFEE GROUNDS

Factors which influence composition of spent coffee grounds:

Different coffee brewing procedures e.g.

Plunger

Filter

Espresso

Instant coffee

Technological factors e.g.

water temperature and pressure

coffee/water ratio

grinding

Factors influencing composition of SCG



SPENT COFFEE GROUNDS

Phenolic compounds in coffee

Coffee is the main source of 

chlorogenic acids in the human 

diet.

Chlorogenic acids (CGA) are water 

soluble phenolic compounds. 

Consumption of CGAs has been 

associated with health benefits 

such as reduction of relative risk of 

cardiovascular disease, type 2 

diabetes, and Alzheimer’s disease.

CGAs also have, antioxidant, 

antibacterial and anti-

inflammatory activities.



SPENT COFFEE GROUNDS

Methylxanthines in coffee

Caffeine Theophylline Theobromine

Molecular weight 194.2 Molecular weight 180.16 Molecular weight 180.16

Melting point 345 oC Melting point 274.5 oC Melting point 283 oC

Soluble in hot water. Partially soluble in cold water. Slightly soluble in water.

Partially soluble in cold water. 

Three methylxanthines are found in coffee, namely, caffeine, theobromine 

and theophylline.

Methylxanthines have presented various biological activities such as 

stimulation of the central nervous system, diuretic effect, peripheral 

vasoconstriction, smooth muscle relaxation, and myocardial stimulation.



SPENT COFFEE GROUNDS

Results of SCG extracts composition

Analyte Optimum 

solvent blend

Concentration 

range (mg/ml)

Caffeine 100% water 2.8-3.6 

Theophylline 10% ethanol 0.1 -0.4

Theobromine 50% ethanol 0.03 – 0.04

Total phenols 100% water 6 – 10 

% Antioxidant Capacity 100% water 90% at 2 mg/ml

MSc study 2018, NMU



SPENT COFFEE GROUNDS

Application of coffee extracts in cosmetics

Anti-cellulite 

cosmetic cream/gel

Methylxanthines cause lipolysis or hydrolysis 

of adipose tissue into free fatty acid chains –

breaking down fat cells.



SPENT COFFEE GROUNDS

Application of coffee extracts in cosmetics

Caffeine-containing hair products for 

hair follicle stimulation

Within the hair follicle matrix are cells 

(keratinocytes) which produce keratin, the 

protein that makes up the major component of 

hair.

Scientific studies show that caffeine stimulates 

the proliferation of keratinocytes in human 

hair follicles - stimulating hair growth

Caffeine can readily be absorbed through the scalp.

Research has revealed that caffeine is an effective suppressant of 

androgenetic alopecia (AGA), commonly known as male pattern baldness.



SPENT COFFEE GROUNDS

Application - ant repellent and surface-cleaner 

microemulsion

Test microemulsion 

made in lab 

containing coffee 

extract, cinnamon 

and clove oil

B Sc Hons Formulation 

Science project 2019
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MARULA FRUIT WASTE

Marula project

New project in collaboration with Phadima Marula Oils, 

a community project in Ba-Phalaborwa

NMU Masters and Honours student projects – develop 

consumer products with marula fruit waste.



MARULA FRUIT WASTE

Parts of the Marula fruit



MARULA FRUIT WASTE

Marula fruit uses

Fruit

Skin

Jam

Chutney

Pulp

Fruit juice

Alcoholic 
drinks

Stone

Exfoliants

Face 
masks

Kernel

Body 
scrubs

Fish food

Oil

Cosmetics

Cooking



MARULA FRUIT WASTE

Current marula fruit Formulation Science student projects

Fish feed formulation with marula seed cake

Exfoliating foot scrub with crushed marula stone

Facial mask with marula stone powder



TOMATO PROCESSING 

WASTE



TOMATO PROCESSING WASTE

World tomato production and processing

World tomato production is approximately 130 million ton                 

(FAOSTAT, 2008).

30% is used to obtain derived products.

Tomato paste manufacturing produces 70–75 kg of solid waste per ton of 

fresh tomatoes – consists of skins and seeds (called pulp or pomace)  -

has been used as a feed for cattle.

The pomace contains significant amounts of protein and oil but is fibrous. 

Seeds are separated from the rest of the co-product and a highly 

unsaturated oil extracted.

The extraction leaves a tomato seed cake that is rich in                               

protein and it is considered to be a feed of high quality



TOMATO PROCESSING WASTE

Tomato processing flow chart

Tomatoes

Tomato flesh

Tomato paste

Tomato sauce

Tomato juice

Tomato seeds 
and skin

Drying at 50oC
Sieve 

separation of 
skin and seed

Milling of skin 
(powder)

Milling of 
seed (powder)

Skin
Lycopene 
extraction

Seeds

Oil

Seed cake



TOMATO PROCESSING WASTE

Tomato seeds

Seeds account for approximately 10% of the fruit and 60% of the total 

waste. 

Estimated 1.7 million ton of seeds produced worldwide by the 

tomato-processing industries

It is vital that these seeds be reused, because they constitute an 

environmental problem. 

Tomato seeds contain nutrients and healthy phytochemical

compounds; therefore, they could be used as sources of ingredients to 

fortify or functionalise food.



TOMATO PROCESSING WASTE

Tomato skin is rich in the antioxidant, lycopene.

Lycopene is the principal carotenoid, causing the                              

characteristic red hue of tomatoes. 

Several epidemiological studies have reported that lycopene-rich diets have 

many health benefits - including reduced risk of heart disease and cancer.

Tomato skins

For cosmetics…..

"It is a powerful antioxidant and anti-

inflammatory that helps protect skin from 

environmental agents that can contribute to 

clogged pores and breakouts."

https://www.google.co.za/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwiZ8ufhjr_iAhUMD2MBHct3BB8QjRx6BAgBEAU&url=https%3A%2F%2Fwww.feedipedia.org%2Fnode%2F689&psig=AOvVaw3LNUQpKrXEYDyeMskeyPBw&ust=1559163353566278
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CITRUS PEEL WASTE

Citrus fruits – oranges, lemons, limes, grapefruit, tangerines

South Africa – one of major citrus producing countries

During citrus processing, residual peels account for 50 wt% of the 

fruit

Estimated 31.2 million ton citrus processed annually globally –

15.6 million ton of waste peel annually

Citrus production and waste



CITRUS PEEL WASTE

Components of wet waste orange peels:

water (80 wt%)

soluble sugars

cellulose

hemicellulose

pectin

D-limonene

Flavonoids (phenolics)

Major environmental problem with citrus peel is its highly 

fermentable carbohydrate content – accelerated degradation.

Protein content is only 6% - not viable for cattle feed.

Decreasing moisture content from 80 wt% to 10 wt% is energy 

intensive and costly.

Citrus peel waste composition



CITRUS PEEL WASTE

D-Limonene (3.8 wt% of dry weight) distilled off from the essential oil 

found in peel

Can be performed on site in large scale citrus juice factories by

steam distillation

microwave assisted steam diffusion

Can be used as building block to generate compounds with similar 

structures

Valuable renewable biosolvent

Flavour and fragrance compound

D-Limonene



CITRUS PEEL WASTE

Existing valorisation strategies include:

Pectin (gelling agent and thickener) extraction (20-30% extractable pectin)

Pectin enzyme production

Dietary fibre extraction

Methane (biogas) production

Fermentation substrate for single-cell protein production

Bio-ethanol production

Succinic acid production

Valorisation methods under investigation:

Extraction of flavonoids (phenols) for antioxidant properties

However, they are sensitive to processing variables e.g. temperature 

and light – thus gentle extraction methods must be employed

Valorisation strategies
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CONCLUSIONS

Specific types of food waste should be created either on-site by the same 

producing industry or at least on local/regional industrial site.

Minimising FW transportation should be one of the main aims.

Novel processes should be developed which combine extraction of 

high-value products with subsequent fermentations (or green 

chemical conversions) for production of chemicals, materials and fuels to 

mimimise production costs.

Towards integrated biorefineries

Minimisation and valorisation of these wastes has a double advantage:

reduces pollutant loadings of agro-food industries and 

contributes to sustainable development of agro-food sector through 

rational use of FW bio-derived compounds.



CONCLUSIONS

FW is inevitable…..

…but environmental damage caused by FW decomposition                      

can largely be avoided…

…through advanced FW valorisation practices….

… which focus on innovative low environmental-impact legislation-

compliant technologies…

…to convert waste into value-added products. 

Concluding remarks

Multidisciplinary approach is needed to fully understand these processes, 

allowing us to reach the level of innovation needed to achieve a zero-

waste economy and a more sustainable bio-based society.
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