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Series 1: Oils and Fats Industry in Nigeria
Series outline
¢ 1.1 Historical Development
o Early traditional practices
o Colonial and post-colonial expansion
o Modern industrial growth
¢ 1.2 Current Status
o Major producers and processors
o Market demand and consumption trends
o Government policies and regulations
e 1.3 Economic Importance
o Contribution to GDPand employment
o Exportand trade relevance
o Linkages with other industries
e 1.4 Challenges and Prospects
o. Quality.control and adulteration issues
o Technological limitations

o. Opportunities for innovation and sustainability
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Nigeria has long been recognised as one of the leading producers of oils and fats in Africa, with
palm oil, groundnut oil, and other vegetable oils forming an integral part of both domestic
consumption and industrial use. The industry has evolved from traditional extraction methods to
modern processing techniques, and it continues to play a vital role in food security, employment,
and economic development. By examining the oils and fats industry in Nigeria, you will gain insights
into its historical roots, current dynamics, and future prospects, all of which are essential for
understanding the broader field of fats and oils technology.

The aim of this Series is to equip you with the knowledge and analytical skills needed.to evaluate
the development, current status, economic importance, and challenges of the oils and fats
industry in Nigeria.

We shall commence this Series by exploring the historical development of the industry; tracing its
growth from traditional practices to modern industrialisation. Next, we will examine the current
status of the industry, focusing on producers, processors, and market trends. Following that, we
will analyse the economic importance of oils and fats, considering their contribution to national
income, employment, and trade. Finally, we will conclude by evaluating thechallenges facing the
industry and the prospects for innovation and sustainability.

Series Learning Outcomes

Upon completing this Series, you should be ableto:
e SLO 1.1 define the historical development of the oils and fats industry in Nigeria,
e SLO 1.2 explain the current status of the oils and fats industry in Nigeria,
e SLO 1.3 analyse the economic importance of oils and fats in Nigeria, and

e SLO 1.4 evaluate the challenges and prospects of the oils and fats industry in Nigeria.

1.1 Historical Development
1.1.1 Early traditional practices

In Nigeria, the production of oils and fats began with traditional extraction methods, which relied
on manuallabourandsimple tools. Traditional extraction methods refer to the use of
rudimentary techniques such as pounding, boiling, and pressing oil-rich seeds or fruits to release
oil. Communities often processed palm fruits and groundnuts locally, using household-scale
equipment. These methods were labour-intensive and produced relatively small quantities of oil,
but they were sufficient for domestic consumption and local trade.

local extraction methods Villagers used clay pots, wooden mortars, and hand presses to extract
oil. The oil was often cloudy and contained impurities, yet it was valued for cooking and cultural
practices.

Fillin the blank: Traditional extraction methods in Nigeria relied heavily on labour and
simple tools.
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TRADITIONAL PALM OIL EXTRACTION IN NIGERIA
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Diagram showing traditional palm oil extraction process Caption: Figure 1.1 Traditional palm oil
extraction methods

1.1.2 Colonial and post-colonial expansion

During the colonial period, Nigeria’s oils and fats.industry expanded significantly due to the
introduction of mechanised processing techniques. Mechanised processing techniques are
industrial methods that use machines such as hydraulic presses and expellers to extract oil more
efficiently. Colonial administrators encouraged large-scale cultivation of palm and groundnut,
which became major export commadities.

regional trade networks Palm oil and groundnut oil were exported to Europe, where they were
used in soap-making, margarine production, and other industrial applications. This created
regional trade networks that linked Nigerian producers with international markets.

After independence; Nigeria continued to invest in oilseed production, with government-backed
initiatives to modernise processing plants and improve yields.

Fillin the blank: Colonial expansion introduced processing techniques that increased
oil production efficiency.
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ISTORICAL GER ARCHIVE - NIGERIA PALM OIL PLA 19305 -CCBYSA
Image of colonial-era palm oil plantation with processing equipment Caption: Plate 1.1 Colonial
palm oil plantation in Nigeria

1.1.3 Modern industrial growth

In recent decades, Nigeria has witnessed the growth of industrial-scale oil processing plants,
which use advanced technologies to refine oils and improve quality. Industrial-scale oil
processing plants are large facilities equipped with modern machinery for extraction, refining, and
packaging of oils. These plants produce oils that meet international standards for clarity, taste, and
shelf life.

government interventions Government policies have supported the establishment of vegetable
oil refineries, encouraged private investment, and promoted research into improved oilseed
varieties. However, challenges such as adulteration, poor infrastructure, and fluctuating global
prices continue to affect the industry.

Fillin the blank: Modern industrial growth in Nigeria’s oils and fats industry has been supported by
interventions and private investment.
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TIMELINE OF NIGERIA'S OILS AND FATS INDUSTRY MILESTONES
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NIGERIA OILS AND FATS INDUSTRY HISTORY TIMELINE OER

Table 1.1 Key milestones in Nigeria’s oils and fats industry
Period Key development Impact

Pre-colonial Traditional extraction Local consumption
Colonial Mechanised processing Export trade
Post-colonial Expansion of plantations Industrialisation
Modern era Advanced refineries Quality improvement

Pilot questions 1.1
1. Which traditional oilseed was most commonly processed in Nigerian villages?
2. What type.of labour characterised traditional extraction methods?
3./ Which industrial applications in Europe relied on Nigerian palm oil during colonial times?
4. What technological advancement marked the colonial expansion of oil production?

5.. Name one government intervention that has supported modern industrial growth in
Nigeria’s oils and fats industry.

1.2 Current Status

1.2.1 Major producers and processors
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Nigeria remains one of Africa’s largest producers of vegetable oils, with palm oil, groundnut oil,
and soybean oil leading the market. Vegetable oils are oils extracted from plant seeds or fruits,
commonly used for cooking, industrial applications, and as raw materials in food processing.
Large-scale producers operate refineries that supply both domestic and export markets, while
small-scale processors continue to serve local communities.

The industry is characterised by a mix of modern refineries and traditional mills, creating a/dual
system of production. This duality ensures that oils are available across different socio-economic
groups, although quality standards vary.

Fillin the blank: Nigeria’s oils and fats industry is characterised by a mix of refineries
and traditional mills.
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Image of a modern vegetable oil refinery in Nigeria Caption: Plate 1.2 Modern vegetable oil refinery
in Nigeria

1.2.2 Market demand and consumption trends

The.demandfor oils and fats in Nigeria is driven by population growth, urbanisation, and changing
dietary habits. Market demand refers to the quantity of oils and fats consumers are willing and
able to purchase at different prices. Consumption trends show increasing preference for refined
oils due to their clarity, taste, and perceived health benefits.

Urban/households often purchase packaged oils, while rural communities may continue to rely on
locally processed oils. Industrial demand is also rising, particularly in food manufacturing,
cosmetics, and pharmaceuticals.

Fillin the blank: Consumption trends in Nigeria show increasing preference for oils due
to clarity and taste.
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NIGERIA: VEGETABLE OIL CONSUMPTION TRENDS (1990-2025)
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Graph showing consumption trends of vegetable oils in Nigeria over time Caption: Figure 1.2
Consumption trends of vegetable oils in Nigeria

1.2.3 Government policies and regulations

The Nigerian government has introduced policies.to regulate the oils and fats industry, focusing on
quality control, import restrictions, and support for local production. Quality control refers to
measures taken to ensure oils meet safety and nutritional standards. Agencies such as NAFDAC
and SON enforce regulations to prevent adulteration and promote consumer safety.

Policies also encourage investment in oilseed cultivation and processing, aiming to reduce
dependence on imports and strengthen food security. However, enforcement challenges and
infrastructural gapsiremain significant obstacles.

Fillin the blank: Agencies such.as and SON enforce regulations to prevent adulteration
in Nigeria’s oils andfats industry.
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NIGERIAN GOVERNMENT AGENCIES REGULATING OILS AND FATS INDUSTRY

i NAFDAC (National Agency for Food and Drug Administration and Control):

« Role: Regulates and controls the manufacture, importation, exportation, distribution, advertisement, sale, and use
of food, drugs, cosmetics, medical devices, chemicals, and packaged water.

« Focus: Ensures product safety, quality, and efficacy. Sets standards for food labelling and packaging. Conducts
facility inspections for oil processing plants.

SON SON (Standards Organisation of Nigeria):
~. * Role: Responsible for developing and enforcing standards for all products, including food and agricultural products.

NAFDAC

Mandatory Conformity Assessment Programme) for quality and safety.

FCCPC (Federal Competition and Consumer Protection Commission):

« Role: Protects and promotes consumer interests, ensuring fair competition in the marketplace.

« Focus: Investigates and penalizes anti-competitive practices in the oil industry. Protects consumers from
substandard or mislabelled oil products. Handles consumer complaints.

FMARD (Federal Ministry of Agriculture and Rural Development):
« Role: Responsible for agricultural policy, development, and regulation of primary production.
ﬁ « Focus: Regulates the cultivation and primary processing of oilseeds (palm, groundnut, soybean). Promotes good
agricultural practices (GAP) for oil crops. Oversees commodity boards.

—'2 « Focus: Sets mandatory Nigerian Industrial Standards (NIS) for edible oils and fats. Certifies products (e.g., MANCAP -

T

NIGERIA OIL INDUSTRY REGULATION AGENCIES OER

Box 1.1 Key government agencies regulating oils and fats in Nigeria
e NAFDAC: National Agency for Food and Drug Administration and Control
e SON: Standards Organisation of Nigeria
o Federal Ministry of Agriculture’and Rural Development
Pilot questions 1.2
1. What are the three leading vegetable oils produced in Nigeria?
2. Which factor has contributed most to rising demand for oils and fats in Nigeria?
3. What type of oils do urban households prefer?
4. Name one industrial sector that relies heavily on oils and fats.

5. Which government agency enforces quality control standards in Nigeria’s oils and fats
industry?

1.3 Economic Importance
1.3.1 Contribution to GDP and employment

The oils and fats industry in Nigeria contributes significantly to the Gross Domestic Product
(GDP), which is the total monetary value of goods and services produced within a country. By

-
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providing raw materials for food processing, cosmetics, and pharmaceuticals, the industry
supports economic growth and diversification.

Employment opportunities are created across the value chain, from farming and harvesting
oilseeds to processing, packaging, and distribution. This makes the industry a vital source of
livelihood for millions of Nigerians, particularly in rural communities.

Fillin the blank: The oils and fats industry contributes to Nigeria’s by supporting food
processing and other sectors.

NIGERIA OILS AND FATS INDUSTRY VALUE CHAIN
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Diagram showing the value chain of oils and fats industry in Nigeria Caption: Figure 1.3 Value chain
of oils and fats industry'in Nigeria

1.3.2 Export and trade relevance

Nigeria’s oils and fats industry has historically been important for export trade, particularly palm
oil and groundnut.oil. Export trade refers to the sale of goods produced in one country to buyers in
other countries. These exports generate foreign exchange earnings, which strengthen the national
economy.

Although Nigeria’s share of global exports has declined due to competition from countries such as
Malaysia and Indonesia, the industry still holds potential for regional trade within West Africa.

Fill in the blank: Nigeria’s oils and fats industry generates earnings through export trade.
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Image of palm oil packaged for export Caption: Plate 1.3 Palm oil packaged for export in Nigeria
1.3.3 Linkages with other industries

The oils and fats industry is closely linked with other sectors such as food manufacturing,
cosmetics, and pharmaceuticals. Linkages refer.to the connections between industries where the
output of one serves as input for another. For example, refined vegetable oils are used in producing
margarine, soaps, lotions, and medicinal products.

These linkages enhance industrial development and create opportunities for value addition. By
strengthening these connections, Nigeria can maximise the benefits of its oils and fats industry.

Fillin the blank: Refined vegetable oils are used in producing , soaps, lotions, and
medicinal products.
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INDUSTRIES LINKED TO OILS AND FATS IN NIGERIA

— i » Food Processing & Manufacturing:
@ « Includes production of cooking oils (palm, groundnut, soybean), margarine, bakery products,
confectionery, and packaged snacks. This is the primary use sector.

__|| * Soap & Detergent Industry: Extensive use of palm kernel oil and other vegetable oils as raw
@};’7 materials for saponification and surfactants.

X » Cosmetics & Personal Care:
g 1]« Oils and fats (especially shea butter, palm oil, and coconut oil) are used as emollients, bases,
s and active ingredients in skincare and hair products.

% ‘ A » Pharmaceuticals: Refined oils serve as carriers, excipients, and active ingredients in various
—{2eek

medicinal formulations and ointments.

o Q;,? * Animal Feed Production:
* Oilseed cakes and meals (e.g., soybean meal, groundnut cake) are major by-products of the oil
e extraction process and are essential for livestock and poultry feed.

Oleochemicals (fatty acids, glycerine) are derived from these oils for industrial use.

» Biofuel & Oleochemicals:
f ;Z i « Increasingly, crude palm oil and other oils are being explored for biodiesel production.
N

NIGERIA INDUSTRIES LINKED TO VEGETABLE OILS OER

Box 1.2 Examples of industries linked to oils and fats

e Food manufacturing: margarine; confectionery
e Cosmetics: lotions, creams, soaps
o Pharmaceuticals: medicinal oils, capsules

Pilot questions 1.3

1. What does GDP stand for, and how does the oils and fats industry contribute to it?
2. Which twoils were historically Nigeria’s major export commodities?

3. Name one country that has overtaken Nigeria in global palm oil exports.

4. Whattype of earnings are generated through export trade?

5. _Give one example of an industry linked to oils and fats in Nigeria.

1.4 Challenges and Prospects
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1.4.1 Quality control and adulteration issues

One of the major challenges facing Nigeria’s oils and fats industry is adulteration, which refers to
the practice of mixing pure oils with inferior or harmful substances to increase profit margins. This
compromises quality control, the process of ensuring that oils meet established safety and
nutritional standards. Adulterated oils can pose health risks to consumers and damage the
reputation of Nigerian products in international markets.

Efforts to combat adulteration include stricter enforcement of regulations by agencies such as
NAFDAC and SON, as well as public awareness campaigns. However, weak enforcement and
limited resources often hinder progress.

Fillin the blank: Adulteration compromises control by reducingthe safety and
nutritional quality of oils.

IMPACT OF ADULTERATION ON OIL QUALITY & CONSUMER SAFETY (NIGERIA)
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NIGERIA OIL ADULTERATION EFFECTS DIAGRAM OER

Diagram showing the effects of adulteration on oil quality Caption: Figure 1.4 Effects of
adulteration on oil quality

1.4.2 Technological limitations

Despite progress, many Nigerian oil processing plants still rely on outdated equipment.
Technological limitations refer to the lack of modern machinery and processes that can improve
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efficiency, reduce waste, and enhance product quality. Small-scale processors often struggle to
afford advanced technologies, which limits their competitiveness.

Modernisation of equipment and adoption of new technologies such as solvent extraction and
continuous refining could improve productivity. However, this requires significant investment and
technical expertise.

Fillin the blank: Many Nigerian oil processing plants still rely on equipment, limiting
efficiency and competitiveness.

OUTDATED EQUIPMENT: TRADITIONAL MODERN MACHINERY: INTEGRATED VEGETABLE
PALM OIL MILL, NIGERIA (c. 1960s) OIL REFINERY, NIGERIA (Present Day)
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Search string: Nigeria oil processing outdated equipment photo OER

Image of outdated oil processing equipmentin Nigeria Caption: Plate 1.4 Outdated oil processing
equipmentin Nigeria

1.4.3 Opportunities for innovation and sustainability

Despite these challenges, the oils and fats industry in Nigeria has significant prospects for growth.
Innovation refers to the introduction of new ideas, technologies, or processes to improve
production and product quality. Sustainability means meeting current needs without
compromising the ability of future generations to meet theirs.
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Opportunities include developing improved oilseed varieties, adopting eco-friendly processing
methods, and expanding into niche markets such as organic oils. With proper investment and
policy support, Nigeria can strengthen its position in both domestic and international markets.

Fillin the blank: Opportunities for and sustainability can help Nigeria’s oils and fats
industry grow and compete globally.
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OPPORTUNITIES FOR INNOVATION AND SUSTAINABILITY IN NIGERIA’S
OILS AND FATS INDUSTRY

* Smallholder Farmer Empowerment:
« Implement training programs on Good Agricultural Practices (GAP) and sustainable harvesting to

increase yields and income. Provide access to improved seedlings and finance.
» Modernized Processhnal, inefficient extraction to small-scale, efficient mechanical presses. Upgrade
to modern refining equipment for improved oil quality and reduced losses.

»» Waste-to-Energy (Biogas) & Co-products:
@ » Utilize palm oil mill effluent (POME) and empty fruit bunches (EFB) for biogas production. Convert palm

kernel shells into biomass fuel. Develop value-added prom by-products (e.g., animal feed, organic fertilizer).
«2" » Sustainable Palm Qil Certification (RSPO):

m * Promote adoption of RSPO and national standards. Encourage traceability from plantation to mill to
“ .o consunce market access and premium pricing for certified sustainable oil.

Supply Chain Traceability:

@ * Implement digital platforms for real-time tracking of oil movement. Use blockchain technology to ensure
transparency and prevent adulteration. Reduce reliance on middlemen.

Product Diversification & R&D:

I « Invest in research and development for new applications of vegetable oils (e.g., oleochemicals, biofuels,
= specialized food products). Create higher-value products for domestic and export markets.

NIGERIA OIL INDUSTRY INNOVATION SUSTAINABILITY OER

Box 1.3 Opportunities for innovation and sustainability in Nigeria’s oils and fats industry
e Improved oilseed varieties
e Eco-friendly processing methads
o Expansion into organic oil markets

e Stronger policy support

Pilot questions 1.4

1. What does adulteration mean in the context of oils and fats?

2. Which two agencies are responsible for enforcing quality control in Nigeria’s oils and fats
industry?

3. What type of equipment limits efficiency in many Nigerian oil processing plants?
4. Name one modern technology that could improve oil processing productivity.

5. Give one example of an opportunity for innovation in Nigeria’s oils and fats industry.
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Series Summary

This Series has introduced you to the historical and contemporary dimensions of the oils and fats
industry in Nigeria, highlighting its relevance to the wider study of fats and oils technology. We
began by tracing the historical development of the industry, from traditional extraction methods
through colonial expansion to modern industrial growth. Then, we examined the current status of
the industry, focusing on producers, processors, market demand, and government regulation.
Following that, we analysed the economic importance of oils and fats, considering their
contribution to GDP, employment, export trade, and linkages with other industries. Finally, we
evaluated the challenges of adulteration and technological limitations, while-also identifying
prospects for innovation and sustainability.

By completing this Series, you should now be able to define the historical development of the oils
and fats industry in Nigeria (SLO 1.1), explain its current status (SLO 1.2), analyse its economic
importance (SLO 1.3), and evaluate the challenges and prospgects that shape.its future (SLO 1.4).

Series Glossary

e Adulteration: The practice of mixing pure oils with inferior or harmful substances to
increase profit margins.

e Exporttrade: The sale of goods produced in one country to buyers in other countries.

e Gross Domestic Product (GDP): The total monetary value of goods and services produced
within a country.

¢ Industrial-scale oil processing plants: Large facilities equipped with modern machinery
for extraction, refining, and packaging of oils.

¢ Innovation: The introduction of new ideas, technologies, or processes to improve
production and product quality.

¢ Linkages: Connections between industries where the output of one serves as input for
another.

¢ [ Mechanised processing techniques: Industrial methods that use machines such as
hydraulic presses and expellers to extract oil more efficiently.

e Quality control: Measures taken to ensure oils meet safety and nutritional standards.

¢ | Sustainability: Meeting current needs without compromising the ability of future
generations to meet theirs.

e Vegetable oils: Oils extracted from plant seeds or fruits, commonly used for cooking and
industrial applications.

Concept Check Questions [Series 1]
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Objective questions

1. Which oilseed was most commonly processed using traditional methods in Nigeria?
(Linked to SLO 1.1)

2. Which agency enforces quality control standards in Nigeria’s oils and fats industry? (Linked
to SLO 1.2)

3. Nigeria’s oils and fats industry contributes to which key economic indicator? (Linked.to SLO
1.3)

Short-answer questions

4. Explain one way colonial expansion influenced Nigeria’s oils and fats industry. (Linked to
SLO 1.1)

5. Describe one consumption trend in Nigeria’s oils and fats. market today. (Linked to SLO 1.2)
6. ldentify one industry thatis linked to oils and fats in Nigeria.(Linked to SLO 1.3)
Long-answer questions

7. Analyse the economic importance of oils and fats in Nigeria, focusing on GDP,
employment, and trade. (Linked to SLO 1.3)

o Basicresponse: Learners should describe how oils and fats contribute to GDP,
provide jobs, and generate foreign exchange through exports.

o Value-added response: Outstanding learners may also evaluate how these
contributions.compare with other sectors, and suggest strategies to enhance
Nigeria’s competitiveness.

8. Evaluate the challenges and prospects of Nigeria’s oils and fats industry. (Linked to SLO
1.4)

o | Basic response: Learners should explain issues such as adulteration and outdated
technology, and mention opportunities for innovation.

o Value-added response: Outstanding learners may propose specific policy
interventions, technological upgrades, or sustainability practices to strengthen the
industry.

Answers to Pilot Questions [Series 1]
1. Palm fruits.
2. Manual labour.
3. Soap-making and margarine production.
4. Mechanised processing techniques.
P
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5. Government-backed initiatives and private investment.
6. Palm oil, groundnut oil, and soybean oil.
7. Population growth.
8. Refined oils.
9. Food manufacturing.
10. NAFDAC.
11. GDP.
12. Palm oil and groundnut oil.
13. Malaysia.
14. Foreign exchange.
15. Cosmetics industry.
16. Mixing pure oils with inferior substances.
17. NAFDAC and SON.
18. Outdated equipment.
19. Solvent extraction.
20. Organic oil markets.
References and Attributions [Series 1]

o Figure 1.1 Traditional palm oil extraction methods: Suggested Al prompt “Create a labelled
diagram of traditional palm oil extraction using mortar, pestle, boiling, and pressing”.
Search string: “traditional palm oil extraction Nigeria diagram OER”.

e Plate 1.1 Colonial palm oil plantation in Nigeria: Suggested Al prompt “Generate a historical
image of colonial palm oil plantation with mechanical presses in Nigeria”. Search string:
“colonial palm oil plantation Nigeria historical photo OER”.

o Table 1.1 Key milestones in Nigeria’s oils and fats industry: Suggested Al prompt “Generate
a timeline table of Nigeria’s oils and fats industry milestones”. Search string: “Nigeria oils
and fats industry history timeline OER”.

e Plate 1.2 Modern vegetable oil refinery in Nigeria: Suggested Al prompt “Generate an image
of a modern vegetable oil refinery in Nigeria with processing equipment”. Search string:
“Nigeria vegetable oil refinery photo OER”.

e Figure 1.2 Consumption trends of vegetable oils in Nigeria: Suggested Al prompt “Create a

-
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Nigeria from 1990 to 2025”. Search string: “Nigeria vegetable oil consumption trends graph
OER”.

e Box 1.1 Key government agencies regulating oils and fats in Nigeria: Suggested Al prompt
“Generate a text box listing Nigerian government agencies regulating oils and fats industry”.
Search string: “Nigeria oil industry regulation agencies OER”.

e Figure 1.3 Value chain of oils and fats industry in Nigeria: Suggested Al prompt “Create a
labelled diagram showing farming, processing, packaging, and distribution stages of
Nigeria’s oils and fats industry”. Search string: “Nigeria oils and fats industry value chain
diagram OER”.

e Plate 1.3 Palm oil packaged for export in Nigeria: Suggested Al prompt “Generate an image
of palm oil packaged in drums for export trade from Nigeria”. Search string: “Nigeria palm
oil export packaging photo OER”.

e Box 1.2 Examples of industries linked to oils and fats: Suggested Al prompt “Generate a text
box listing industries linked to oils and fats in Nigeria”. Search string: “Nigeria industries
linked to vegetable oils OER”.

o Figure 1.4 Effects of adulteration on oil quality: Suggested Al prompt “Create a diagram
showing how adulteration reduces oil quality and consumer safety”. Search string: “Nigeria
oil adulteration effects diagram OER?”.

e Plate 1.4 Outdated oil processing equipment in Nigeria: Suggested Al prompt “Generate an
image of outdated oil processing equipmentin Nigeria compared with modern machinery”.
Search string: “Nigeria oil processing outdated equipment photo OER”.

e Box 1.3 Opportunities for innovation and sustainability: Suggested Al prompt “Generate a
text box listing opportunities for innovation and sustainability in Nigeria’s oils and fats
industry”. Search string: “Nigeria oil industry innovation sustainability OER”.

Series 2: Oil Seeds of Nigeria
Series outline
e 2.1 Characteristics of Nigerian oil seeds
o Physical features of major oil seeds
o Nutritional composition and oil content
e 2.2 Composition of oil seeds

-
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o Chemical constituents (proteins, carbohydrates, lipids)
o Variations among different seed types
e 2.3 Uses of oil seeds
o Culinary applications
o Industrial applications
o Medicinal and cultural uses
e 2.4 Case studies of major oil seeds
o Palm seed
o Groundnut seed
o Soybean seed

o Coconut and sunflower seed

Introduction

Oil seeds are the foundation of Nigeria’s oils and fats industry, providing the raw materials that
sustain both domestic consumption and.industrial applications. They are valued not only for their
oil content but also for their nutritional, cultural, and economic significance. By studying the
characteristics, composition, and uses of these seeds, you will gain a deeper appreciation of their
role in food security, trade, andindustrialdevelopment.

The aim of this Series is to enable you to examine the characteristics, composition, and uses of
Nigerian oil seeds, while also analysing selected case studies of major seeds such as palm,
groundnut, soybean, coconut, and sunflower.

We shall commence this Series by exploring the general characteristics of Nigerian oil seeds,
focusing on their physical features and oil content. Next, we will examine their composition,
highlighting chemical constituents and variations among seed types. Following that, we will
consider the diverse uses of oil seeds in culinary, industrial, and cultural contexts. Finally, we will
conclude with case studies of major oil seeds, analysing their importance and applications in
Nigeria.

Series Learning Outcomes
Upon.completing this Series, you should be able to:

e SLO 2.1 describe the physical characteristics and nutritional composition of Nigerian oil
seeds,

e SLO 2.2 explain the chemical constituents of oil seeds and their variations,

-
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e SLO 2.3 analyse the culinary, industrial, and cultural uses of oil seeds in Nigeria, and

e SLO 2.4 evaluate case studies of major oil seeds such as palm, groundnut, soybean,
coconut, and sunflower.

2.1 Characteristics of Nigerian Oil Seeds
2.1.1 Physical features of major oil seeds

Oil seeds in Nigeria display diverse physical features, which refer to the external attributes such
as size, shape, colour, and texture. For example, palm seeds are small and reddish-brown,
groundnut seeds are oval and encased in shells, while soybean seeds are/round and pale yellow.
These features often determine the ease of processing and the yield of oil obtained.

local variations Different regions in Nigeria cultivate oil seeds with slight variations in appearance
due to soil type and climatic conditions. Such variations can influence oil content and quality,
making regional knowledge important for processors and farmers.

Fill in the blank: The features of oil seeds include size, shape, colour, and texture.

OIL PALM GROUNDNUT SOYBEAN COCONUT SUNFLOWER

(Elaeis guineensis)  (Arachis hypogaea)  (Glycine max) (Cocos nucifera)  (Helianthus annuus)
Fruit & Kernel Pods & Seeds Seeds Kernel Seeds

NIGERIA OIL SEEDS PHYSICAL FEATURES PHOTO OER - CC-BY-SA

Image showing different Nigerian oil seeds (palm, groundnut, soybean, coconut, sunflower)
Caption: Plate 2.1 Physical features of Nigerian oil seeds

2.1.2 Nutritional composition and oil content

Oil seeds are valued for their nutritional composition, which refers to the balance of proteins,
carbohydrates, lipids, vitamins, and minerals they contain. Palm seeds, for instance, are rich in
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lipids, while soybeans provide high protein content alongside oil. Groundnuts are notable for their
balanced protein and oil levels, making them versatile for both food and industrial uses.

oil yield potential The oil content of seeds is a critical factor in determining their economic value.
Palm seeds can yield up to 45 per cent oil, groundnuts around 40 per cent, and soybeans
approximately 20 per cent. These percentages vary depending on cultivation practices and seed
variety.

Fillin the blank: Palm seeds canyield up to per cent oil, making them highly valuable in
Nigeria’s oils and fats industry.

'@ A
COMPARISON OF OIL CONTENT PERCENTAGES
IN KEY NIGERIAN OIL SEEDS
60% @, OIL PALM
& Elaeis guineensis
0 € coconut
ate 50. 5% T Q% & Helianthus annuus
E 40% Q>
=
i —
E 30% 1 33.5%
8 J
= 20% 7°
18.0%
10%
0%
OIL PALM GROUNDNUT SOYBEAN COCONUT SUNFLOWER
(Elaeis guineensis) ~ (Arachis hypogaea) (Glycine max) (Cocos nucifera) ~ (Helianthus annuus)
L NIGERIA OIL SEEDS OIL CONTENT COMPARISON CHART OER )

Diagram showing comparative oil content of palm, groundnut, soybean, coconut, and sunflower
seeds Caption: Figure 2.1 Comparative oil content of Nigerian oil seeds

Pilot questions 2.1
1. What are the physical features of oil seeds?
2./ Give one example of how regional variations affect oil seed characteristics.
3. Which oil seed in Nigeria is richest in protein?
4. What percentage of oil can palm seeds yield?

5./ Why is oil content considered a critical factor in determining the economic value of oil
seeds?
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2.2 Composition of Oil Seeds
2.2.1 Chemical constituents

Oil seeds are composed of several chemical constituents, which are the basic substances that
make up their nutritional and functional value. These include proteins, which are essential for
body growth and repair, carbohydrates, which provide energy, and lipids, which are the fats and
oils extracted for consumption and industrial use. In addition, oil seeds contain vitamins and
minerals that enhance their nutritional importance.

Different oil seeds vary in their constituent proportions. For example, soybeans are particularly rich
in protein, while palm seeds are dominated by lipids. Groundnuts provide a balanced mix of protein
and oil, making them versatile for both food and industriatapplications.

Fillin the blank: Oil seeds are composed of proteins, carbohydrates, lipids, vitamins, and

CHEMICAL COMPOSITION OF OIL SEEDS (OER)
CARBOHYDRATES

LIPIDS (OILS & FATS) PROTEINS

o

/\/\/\/‘lilx/\oN § _:g
AAAALAE,
|

i i Fatty Acids ibi
Triglycerides (S%ra\e d Phospholipids

\ Unsaturated)

Sugars Starch
(Energy) (Storage)

Amino Acids Storage Proteins i
(e.g., Glycinin) |

= Storage ProteinsStorage Proteins
V| (e.g., Glycinin) (e.g., Glycinin)

Enzymes

Cellulose/Hemicellulose

(S

VITAMINS

Vitamin E B Vitamins Vitamin K
(Tocopherols, (Thiamine,
Antioxidant) Niacin)

& MINERALS

Ca| Mg [K
Caleium Potassium
Macronutrients Micronutrients
L (Ca, K, Mg, P) (Fe, Zn, Mn) [

OIL SEEDS CHEMICAL COMPOSITION DIAGRAM OER

Diagram showing chemical constituents of oil seeds Caption: Figure 2.2 Chemical composition of
oil seeds

2.2.2 Variations among different seed types

The composition of oil seeds varies significantly among different types, influencing their nutritional
and economic value. For instance, palm seeds yield high oil content but relatively low protein,

MET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



while soybeans provide moderate oil with high protein. Coconut seeds are rich in saturated fats,
whereas sunflower seeds are valued for their unsaturated fatty acids.

These variations determine the suitability of each seed for specific uses. Seeds with high protein
content are often used in animal feed and food products, while those with high oil content are
prioritised for cooking and industrial applications.

Fillin the blank: Soybeans are valued for their high content, while palm seeds-are valued
for their high oil content.

COMPARATIVE COMPOSITION OF KEY OIL SEEDS (NIGERIA)

f OIL SEED SCIENTIFIC NAME PROTEIN CONTENT (%) OIL CONTENT (%)
Q 0il Palm 2-3% 45 - 55% (for palm mesocarp)
(Elaeis guineensis) 5 48 - 55% (for palm kernel)
Groundnut / Peanut 0 _EA
(Arachis hypogaea) 25 -30% 45 50%
% Soybean (Glycine max) 35-40% 18-22%
oo
| 33 - 38% (for fresh kernel)
_ A9
Q> Coconut (Cocos nucifera) 3-4% 60 - 65% (for copra)
{} Sunflower (Helianthus annuus) 15-20% 38-45%
| J

NIGERIA OIL SEEDS COMPARATIVE COMPOSITION TABLE OER

Table 2.1 Comparative composition of major Nigerian oil seeds

Oilseed Protein (%) Oil (%) .. Notable feature

Palm seed Low High Rich in lipids
Groundnut Moderate High Balanced protein and oil
Soybean High Moderate Rich in protein

Coconut. Low High Rich in saturated fats

Sunflower Moderate Moderate Rich in unsaturated fatty acids
Pilot questions 2.2

1. Name three chemical constituents of oil seeds.

2. Which oil seed is richest in protein?

3. Whattype of fatty acids are sunflower seeds valued for?
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4. Which oil seed is rich in saturated fats?

5. Why are variations in oil seed composition important for their uses?

2.3 Uses of Oil Seeds
2.3.1 Culinary applications

Oil seeds are widely used in Nigeria for culinary applications, which refer to their role in.food
preparation and consumption. Palm oil is a staple in many traditional dishes such as soups.and
stews, while groundnut oil is commonly used for frying and baking. Soybean oil is'valued for its
neutral flavour, making it suitable for diverse cooking methods.

Beyond oils, the seeds themselves are consumed directly. Groundnuts are eaten roasted or boiled,
and sunflower seeds are enjoyed as snacks. These uses highlight the versatility of oil seeds in
Nigerian diets.

Fillin the blank: Groundnut oil is commonly used for and baking in Nigerian households.

NIGERIA DISHES PALM OIL GROUNIINUT OIL PHOTO OER - CC-8Y-SA
Image showing Nigerian dishes prepared with palm oil and groundnut oil Caption: Plate 2.2

Culinary uses of oil seeds in Nigeria
2.3.2 Industrial applications

Oil seeds also serve important industrial applications, meaning they are used as raw materials in
non-food industries. Palm oil is used in soap and detergent production, groundnut oil in margarine
and confectionery, and soybean oil in paints and lubricants. Coconut oil is widely applied in
cosmetics, while sunflower oil is used in pharmaceuticals.
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These applications demonstrate the economic value of oil seeds beyond food, creating
opportunities for industrial growth and diversification.

Fillin the blank: Coconut oil is widely applied in industries due to its moisturising
properties.

-

INDUSTRIAL APPLICATIONS OF KEY NIGERIAN OIL SEEDS

* PALM OIL:
» Food Processing: Shortening, margarine, frying oils, confectionery fats.
« Oleochemicals: Sans, detergents, fatty acids, glycerine, surfactants.
« Bioenergy: Biodiesel feedstock (increasingly explored).

« GROUNDNUT (PEANUT?] OIL:

f « Food Processing: High-heat frying, salad dressings, flavoring agfent.
=® -« Cosmetics: Skin lotions, massage oils, hair care products (emollients).

« Lubricants: Specialized industrial lubricants and greases.

SOYBEAN OIL:
» Food Processing: Salad oils, baking, mayonnaise, processed foods.
oA 280 Industrial: Biodiesel, printing inks, paints, varnishes, plasticizers.
« Animal Feed: Soybean meal (by-product) is a major component of poultry and livestock feed.

COCONUT OIL:
‘ » Cosmetics: Soaps, shampoos, lotions, skincare (high lauric acid content).
5

@

» Food Processing: Cooking oil, non-dairy creamers, infant formulas.
» Oleochemicals: Surfactants, emulsifiers, specialized chemicals.
SUNFLOWER OIL:
« Food Processing: Premium cooking oil, salad dressings, margarine.
7] » Cosmetics: Skin conditioners, lip balms, hair products.
A\ » Industrial: Lubricants, biodiesel feedstock, paint and varnish production.

\

L NIGERIA OIL SEEDS INDUSTRIAL APPLICATIONS OER

Box 2.1 Industrial applications of Nigerian oil seeds
o Palm oil: soap, detergent, margarine
e Groundnut oil: confectionery, margarine
e Soybean oil: paints, lubricants
e Coconutoil: cosmetics, hair products
e Sunflower oil: pharmaceuticals, skincare
2.3.3 Medicinal and cultural uses

Oil seeds also have medicinal uses, which refer to their application in traditional and modern

healthcare. For example, coconut oil is used to treat skin conditions, while palm oil is believed to

aid inwound healing. Groundnut oil is sometimes used in massage therapy, and sunflower oil is
valued for its anti-inflammatory properties.

Culturally, oil seeds play a role in rituals and ceremonies. Palm oil, for instance, is used in
traditional rites and offerings, symbolising prosperity and vitality.

Fillin the blank: Palm oil is often used in traditional and offerings, symbolising
prosperity.
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( MEDICINAL & CULTURAL USES OF OIL SEEDS IN NIGERIA |
— TS

( Skin Treatment i Rituals & Rites i
Traditional Soap (Ose Dudu) * Naming Ceremony Offerings
Shea Butter for Eczema y/ Marriage Rites ot
; Healing Rashes & Burns = Initiation Ceremonies (with oil)
\ y, L Libation J
( Massage Therapy | & IRANTTRA ( Offerings B
Muscle Relief L - — Altar Gifts to Ancestors
— Joint Pain ) L o> Spiritual Cleansing
L Improved Circulation (Ipara) ) (ssS Festival Sacrifices )
( 2 ( o2 = )
Wound Care Traditional Medicine
Antiseptic Properties —> /¥ Spiritual Healing Preparations
Accelerated Healing L Warding off Evil
, = ="

5. CULTURAL SIGNIFICANCE & HEALTH
Community Well-being
Preservation of Heritage
Holistic Health

NIGERIA OIL SEEDS MEDICINAL CULTURAL USES DIAGRAM OER
Diagram showing medicinal and cultural uses of oil seeds Caption: Figure 2.3 Medicinal and
cultural uses of Nigerian oil seeds

Pilot questions 2.3
1. Which oil seed is commonly used for frying and baking in Nigeria?
2. Name one industrial product made from palm oil.
3. Which oil seed is widely appliedin. cosmetics industries?
4. What property makes sunflower oil valuable in pharmaceuticals?

5. In cultural contexts, palmoilsymbolises what?

2.4 Case Studiesof Major Oil Seeds
2.4.1 Palm seed

Palm seed is one of Nigeria’s most important oil seeds, providing palm oil, which is widely used in
cooking and industry. Palm oil is a reddish vegetable oil extracted from the fruit of the oil palm tree.
Itis rich in saturated fats and vitamin E, making it both nutritionally and economically significant.
Nigeria has historically been a leading producer of palm oil, although global competition has
reduced its export share.

Fill in the blank: Palm oil is extracted from the fruit of the tree.
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Image of palm fruits and oil extraction Caption: Plate 2.3 Palm fruiAtrs:and oil extraction in Nigera

2.4.2 Groundnut seed

Groundnut seed, also known as peanut, is valued for its balanced protein and oil content.
Groundnut oil is widely used for frying and baking, while the seed itself is consumed roasted,

boiled, or processed into paste. Industrially, groundnut oil is used in margarine and confectionery
production.

Fillin the blank: Groundnut seed is also commonly known as
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' CULINARY & INDUSTRIAL USES OF GROUNDNUT SEED & OIL (NIGERIA) }

1. NIGERIAN GROUNDNUT

(Arach
8. 3. CULINARY USES ) ] 4. 4. INDUSTRIAL USES )

( )
HOLE SEED CONSUNPTION | (2. PROGESSING & EXTRACTION i OLEOCHEMICALS
el ggﬁ:&eg;r:;i%':\suts é E iz i Cosmetics (Creams, Lotions)
9 Kulikuli (Groundnut Cakes) 28 | L L Hibylcants J
‘ ( BIOFUEL )
2R GOOKING OIL @ ﬁ“ Biodiesel Feedstock
Deep Frying (Akara, Dodo) \ )
@z Saind dressing ( ANIMAL FEED
) == Flavour Enhancement > i Livestock Feed
3 L -{  Poultry Feed )
amm OROUNDNUTPASTE a8 s «
== Groundnut Soup (Egusi/Groundnut Soup) 22 PHARMACEUTICALS
Stew Thickener > 2 Excipients
== Spread (Peanut Butter) J O Vitamin E Extraction
v
L—-b{ 5. ECONOMIC IMPORTANCE & SUSTAINABILITY }4-——-J
L D,

| NIGERIA GROUNDNUT OIL USES DIAGRAM OER I

L S

Diagram showing uses of groundnut seed and oil Caption: Figure 2.4 Uses of groundnut seed and
oil

2.4.3 Soybean seed

Soybean seed is notable for its high protein content, making it valuable for both human
consumption and animal feed. Soybean oilis neutral in flavour and widely used in cooking.
Industrially, it is applied in paints, lubricants, and biodiesel production. Nigeria has increased
soybean cultivation in recent years to meet rising demand.

Fillin the blank: Soybean seed is valued foriits high content.
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NUTRITIONAL COMPOSITION OF SOYBEAN SEED (Glycine max)
COMPONENT LdER SOOI DESCRIPTION & FUNCTION
_ Complete protein with all essential amino acids.
% PROTEIN 36-40g Building blocks for muscle, enzymes, and hormones.
3 Primarily unsaturated fats (omega-3, omega-6).
@ TOTAL FAT (LIPIDS) 18-22g Energygource, supports ceﬁl megr]nbranes.g )
@é; CARBOHYDRATES (Total) 30 - 35¢ Includes soluble and insoluble fibers (5-9g) and
sugars. Energy supply.
1 Aids digestion, promotes gut health, helps regulate
ﬁ DIETARY FIBER 15-20g blood s%gar angcholester%l. i
15.7mg Essential for oxygen transport, bone health, and
MINERALS (e.g., Iron ith others: Calcium 277mg, 0Xyg port, i
CoNo) | bt Cakinarng, | croyme uncon
T 0.85mg Antioxidant properties, supports metabolism and
VITAMINS (e.g., Vitamin E ith others: Folate 3754,  PIOPCIXES, SUDD
S VITAMINS (g, Viaming) | tinotesioiesn, [ nane fngion
3@3 MOISTURE 8-12¢g Water content; affects storage and processing.
@ ASH (Minerals) 4-5g Total mineral content after combustion.
0;‘)0 PHYTOCHEMICALS : Plant compounds with antioxidant and potential
> (e.g., Isoflavones) Varied (e.g., 200mg/100g) health-modulating effects (e.g., genistein, daidzein).
NIGERIA SOYBEAN NUTRITIONAL COMPOSITION TABLE OER

Table 2.2 Nutritional composition of soybean seed

Component Percentage Notable feature

Protein 35-40% High protein content
Oil 18-20% Neutral flavour
Carbohydrate 30% Energy source

”»

2.4.4 Coconut and sunflower seed

Coconut seed yields coconut oil, which is rich in saturated fats and widely used in cosmetics, hair
products, and cooking. It is also applied medicinally for skin care. Sunflower seed produces
sunflower oil, valued for,its unsaturated fatty acids and anti-inflammatory properties. Both seeds
are increasingly cultivated in Nigeria to diversify oil sources.

Fillin the blank: Sunflower oil is valued for its fatty acids and anti-inflammatory
properties.

-
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KEY FEATURES: COCONUT & SUNFLOWER SEEDS

[ COCONUT (Cocos nucifera)

0il Characteristics: High Saturated Fat Content
% (approx. 90%), mainly lauric acid. Solid at
room temperature.

SUNFLOWER (Helianthus annuus)

0il Characteristics: High Unsaturated Fat Content
é (Polyunsaturated 68%, Monounsaturated 20%).
Liquid at room temperature.

~ Oil Stability: Moderate to Good Oxidative Stability

0il Stability: Excellent Oxidative Stability. Long

shelf life. Resistant to high-heat cooking. “~ (depending on variety, e.g., High Oleic is better).

Store in a cool, dark place.

;‘”_’v Culinary Uses: Salad dressings, sauting, baking,
& light frying. Neutral, mild flavor.

Culinary Uses: High-heat frying, baking, curries,
% confectionery. Distinctive tropical flavor.

. Other Products: Kernels (snacks), Birdseed, Meal
2% (animal feed). Seeds are rich in Vitamin E.

-
©

‘E Other Products: Kernel (meat), Coconut Water,
I Cream, Coir fiber. Used in soaps & cosmetics.

Nutritional Note: Excellent source of Vitamin E.
Excellent source of Vitamin E. High in Linoleic
Acid (Omega-6). Promotes heart health (in

balance).

Nutritional Note: Rich in MCTs (Medium-Chain
% Covesadssd. Dakririieastation due to

saturated fat.

NIGERIA COCONUT SUNFLOWER OIL FEATURES OER

\ J

Box 2.2 Key features of coconut and sunflower seeds

e Coconutoil: rich in saturated fats, used.in cosmetics and cooking

¢ Sunflower oil: rich in unsaturated fatty.acids, used in pharmaceuticals and cooking
Pilot questions 2.4

1. From which tree is palm oil extracted?

2. Whatis another name for groundnut seed?

3. What percentage of protein is found in soybean seed?

4. Which oil seedisrich in saturated fats and used in cosmetics?

5. Which oil seed'is valued for its unsaturated fatty acids?

Series Summary

This Series has examined the diverse oil seeds of Nigeria, which form the backbone of the oils and
fats industry. We began by describing their physical features and nutritional composition, then
moved on to analyse their chemical constituents and variations among different seed types.
Following that, we explored their wide-ranging uses, from culinary to industrial and medicinal
applications, as well as their cultural significance. Finally, we evaluated case studies of major oil
seeds including palm, groundnut, soybean, coconut, and sunflower, highlighting their importance
in Nigeria’s economy and daily life.
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By completing this Series, you should now be able to describe the characteristics of Nigerian oil
seeds (SLO 2.1), explain their chemical composition (SLO 2.2), analyse their uses in different
contexts (SLO 2.3), and evaluate case studies of major oil seeds (SLO 2.4).

Series Glossary

e Coconut oil: Oil extracted from coconut seeds, rich in saturated fats and widely used in
cooking and cosmetics.

¢ Groundnut seed: Also known as peanut, valued for its balanced protein and oil.content.

e Lipids: Fats and oils found in seeds, serving as a major energy source.

e Palm oil: Areddish vegetable oil extracted from the fruit of the oil palm tree.

¢ Physical features: External attributes of seeds such as size, shape, colour, and texture.

e Protein: A nutrient in seeds essential for growth and repair of body tissues.

e Soybean seed: A seedrich in protein and moderate oil content, used in food and industry.

o Sunflower oil: Oil extracted from sunflower seeds, valued for unsaturated fatty acids and
medicinal properties.

¢ Unsaturated fatty acids: Healthy fats found. in seeds such as sunflower, beneficial for
heart health.

o Vegetable oils: Oils extracted from plant seeds or fruits, used for cooking and industrial
purposes.

Concept Check Questions[Series 2]
Objective questions

1. Which oil seedis'also known as peanut? (Linked to SLO 2.1)

2. Palm oilis extracted from the fruit of which tree? (Linked to SLO 2.4)

3. Whichoil seed is'valued for its unsaturated fatty acids? (Linked to SLO 2.2)
Short-answer questions

4. Describe one physical feature of Nigerian oil seeds. (Linked to SLO 2.1)

5. Explain one industrial application of soybean oil. (Linked to SLO 2.3)

6:  ldentify one medicinal use of coconut oil. (Linked to SLO 2.3)
Long-answer questions

7. Analyse the composition of Nigerian oil seeds, focusing on proteins, lipids, and
carbohydrates. (Linked to SLO 2.2)

-
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o Basicresponse: Learners should describe the presence of proteins, lipids, and
carbohydrates in oil seeds, with examples.

o Value-added response: Outstanding learners may compare the composition
across different seeds and discuss implications for nutrition and industry.

8. Evaluate the economic and culturalimportance of palm, groundnut, soybean, coconut, and
sunflower seeds in Nigeria. (Linked to SLO 2.4)

o Basicresponse: Learners should explain the uses of each seed in food, industry,
and culture.

o Value-added response: Outstanding learners may also assess theirrole in‘trade,
employment, and sustainability.

Answers to Pilot Questions [Series 2]
1. Size, shape, colour, and texture.
2. Soiltype and climate.
3. Soybean.
4. 45 per cent.
5. Oil content determines economic value.
6. Proteins, carbohydrates, lipids.
7. Soybean.
8. Unsaturated fatty acids.
9. Coconut.
10. Variations determine suitability for uses.
11. Groundnut.
12. Soap:
13. Coconutoil.
14. Anti-inflammatory properties.
15. Prosperity.
16. Oil palm.
17. Peanut.
18. 35-40 per cent.

-
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19. Coconut seed.
20. Sunflower seed.
References and Attributions [Series 2]

e Plate 2.1 Physical features of Nigerian oil seeds: Suggested Al prompt “Generate an image
showing palm, groundnut, soybean, coconut, and sunflower seeds side by side”. Search
string: “Nigeria oil seeds physical features photo OER”.

e Figure 2.1 Comparative oil content of Nigerian oil seeds: Suggested Al prompt “Create a bar
chart comparing oil content percentages of palm, groundnut, soybean, coconut, and
sunflower seeds”. Search string: “Nigeria oil seeds oil content comparison chart OER”.

e Figure 2.2 Chemical composition of oil seeds: Suggested Al prompt “Create a labelled
diagram showing proteins, carbohydrates, lipids, vitamins, and mineralsiinoil seeds”.
Search string: “oil seeds chemical composition diagram OER”.

e Table 2.1 Comparative composition of major Nigerian oil seeds: Suggested Al prompt
“Generate a comparative table showing protein andoil contentof palm, groundnut,
soybean, coconut, and sunflower seeds”. Search string: “Nigeria oil seeds comparative
composition table OER”.

o Plate 2.2 Culinary uses of oil seeds in Nigeria: Suggested Al prompt “Generate an image
showing Nigerian dishes such as-egusi soup with palm oil and fried snacks with groundnut
oil”. Search string: “Nigeria dishes palm oil groundnut oil photo OER”.

e Box 2.1 Industrial applications of Nigerian oil seeds: Suggested Al prompt “Generate a text
box listing industrialapplications of palm, groundnut, soybean, coconut, and sunflower
oils”. Search string: “Nigeria oil seeds industrial applications OER”.

e Figure 2.3 Medicinal and cultural uses of Nigerian oil seeds: Suggested Al prompt “Create a
diagram:showing medicinal uses (skin treatment, massage therapy) and cultural uses
(rituals, offerings) of oil seeds in Nigeria”. Search string: “Nigeria oil seeds medicinal
cultural uses diagram OER”.

o  Plate 2.3 Palmfruits and oil extraction in Nigeria: Suggested Al prompt “Generate an image
showing palm fruits and oil extraction process in Nigeria”. Search string: “Nigeria palm oil
extraction photo OER”.

e  Figure 2.4 Uses of groundnut seed and oil: Suggested Al prompt “Create a diagram showing
culinary and industrial uses of groundnut seed and oil”. Search string: “Nigeria groundnut
oil uses diagram OER”.

e Table 2.2 Nutritional composition of soybean seed: Suggested Al prompt “Generate a table
showing nutritional composition of soybean seed”. Search string: “Nigeria soybean
nutritional composition table OER”.
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e Box2.2Key features of coconut and sunflower seeds: Suggested Al prompt “Generate a
text box listing key features of coconut and sunflower seeds”. Search string: “Nigeria
coconut sunflower oil features OER”.

Series 3: Vegetable Oil Raw Materials

Series outline

¢ 3.1 Classification of vegetable oil raw materials
o Oil-bearing seeds and fruits
o Animal-based raw materials (brief overview for contrast)
o Other minor sources

e 3.2 Properties of vegetable oil raw materials
o Physical properties (size, colour, texture)
o Chemical properties (oil. content, fatty acid profile)
o Nutritional properties

e 3.3 Processing requirements
o Pre-treatment (cleaning, drying, dehulling)
o Extraction methods (mechanical, solvent)
o /Refining and storage considerations

¢ 3.4 Case studiesof selected raw materials
o Palmfruit
o Groundnut
o Soybean

o Coconut and sunflower

Introduction

-
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Vegetable oil raw materials form the essential base of Nigeria’s oils and fats industry. They include
oil-bearing seeds and fruits that provide the oils consumed daily and used in industrial
applications. Understanding their classification, properties, and processing requirements is crucial
for appreciating how raw materials are transformed into finished products. This Series will help you
connect the science of raw materials with their practical applications in food, industry, and trade.

The aim of this Series is to introduce you to the classification, properties, and processing
requirements of vegetable oil raw materials, while also examining selected case studies of major
raw materials such as palm fruit, groundnut, soybean, coconut, and sunflower.

We shall commence this Series by classifying vegetable oil raw materials, distinguishing between
oil-bearing seeds, fruits, and other sources. Next, we will explore their properties, focusing on
physical, chemical, and nutritional aspects. Following that, we will consider the processing
requirements, including pre-treatment, extraction, and refining. Finally, we will conclude with case
studies of selected raw materials, highlighting theirimportance and applications in‘Nigeria.

Series Learning Outcomes
Upon completing this Series, you should be able to:
e SLO 3.1 classify vegetable oil raw materials into seeds, fruits, and other sources,

e SLO 3.2 describe the physical, chemical, and nutritional properties of vegetable oil raw
materials,

e SLO 3.3 explain the processingrequirements of vegetable oil raw materials, including pre-
treatment, extraction, and refining, and

e SLO 3.4 evaluate case studies of selected raw materials such as palm fruit, groundnut,
soybean, coconut, and sunflower.

3.1 Classification of Vegetable Oil Raw Materials
3.1.1 Oil-bearing seeds and fruits

Vegetable oil raw materials in Nigeria are primarily derived from oil-bearing seeds and fruits,
which are plants naturally rich in oils. Examples include palm fruit, groundnut, soybean, coconut,
and sunflower. These seeds and fruits are cultivated across different regions of Nigeria and form
the backbone of the oils and fats industry. Their oil content makes them suitable for both domestic
consumption and industrial applications.

regional distribution Palm fruit is widely grown in the southern regions, groundnut in the north,
and soybean across central Nigeria. This distribution reflects climatic and soil conditions that
favour specific crops.

Fillin the blank: Palm fruit, groundnut, soybean, coconut, and sunflower are examples of
raw materials.

-
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OIL PALM FRUIT GROUNDNUT / PEANUT SOYBEAN COCONUT SUNFLOWER
(Elaeis guineensis)  (Arachis hypogaea) (Glycine max) (Cocos nucifera)  (Helianthus annuus)

T

NIGERIA OIL-BEARING SEEDS AND FRUITS PHOTO OER - CC-BY-SA

Image showing palm fruit, groundnut, soybean, coconut, and sunflower side by side Caption: Plate
3.1 Oil-bearing seeds and fruits in Nigeria

3.1.2 Animal-based raw materials (brief overview for contrast)

Although the focus of this course is vegetable oils, it is'useful to note that oils can also be derived
from animal-based raw materials, such asfish oil and lard. Animal-based raw materials are fats
and oils obtained from animals rather than plants. These are less common in Nigeria’s oils and fats
industry but provide a contrast.to plant-based sources.

Fillin the blank: Fish oil and lard are examples of raw materials.
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- COMPARATIVE DIAGRAM: VEGETABLE vs. ANIMAL OIL RAW MATERIALS |

SEEDS L \ ( . | FISH OIL R \
Rich in oil (15-50%#). = Derived from whole oily fish or fish processing

Examples: Seybean, Sunflower, Rapeseed, ) by-products (trimmings).
) Palm Kernel, Groundnut, Corn Germ. ) ) Examples: Anchovy, Mackerel, Sardine, Menhaden. )
5 5
FRUITS R \ LAND ANIMALS (Lard/Tallow) —————
Qil contained in mesocarp. < Rendered fat tissue.

Examples: Oil Palm (Mesocarp), Olive,
) Goconut (Endosperm), Avocado.

EXTRACTION METHOD

Process: Cleaning, Crushing/Flaking, Pre-pressing (expefler)
Solvent Extraction (optional), Refining.

Lard (from pigs), Tallow (from cattle/sheep).
By-product of meat industry.

EXTRACTION METHOD

Process: Mashing/Grinding, Rendering (Wet or Dry heat),
Separation (Centrifugation, Pressing), Refining.

[ 71 71 | TYPICAL OIL TYPES: ] [ 111 71 | TYPICAL OIL TYPES: ]
2 Soybean Oil, Sunflower Oil, Rapeseed (Canola) Oil, hg é “ @ Fish Oil (Omega-3 rich), Lard, Beef Tallow,
L - J Palm Oil, Olive 0il, Coconut Oil. J L Poultry Fat. J

\ 4

KEY DIFFERENCES: Sourcing, Lipid Profile (Vegetable: higher unsaturated; Animal: higher saturated/Omega-3),
Applications (Food, Feed, Industrial). Sustainability considerations differ.

VEGETABLE VS ANIMAL OIL RAW MATERIALS DIAGRAM OER - CC-BY-SA

Diagram contrasting vegetable oil raw materials with animal-based raw materials Caption: Figure
3.1 Vegetable vs animal oil raw materials

3.1.3 Other minor sources

In addition to major seeds and fruits, Nigeria also has minor sources of vegetable oils, such as
sesame seed, cottonseed, and castor seed. These are cultivated on a smaller scale but contribute
to the diversity of oil sources. Minor sources are less dominant in production but can be important
for niche markets and local consumption.

Fillin the blank: Sesame seed, cottonseed, and castor seed are examples of sources of
vegetable oils.
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MINOR SOURCES OF VEGETABLE OILS IN NIGERIA

« SHEA NUT (Vitellaria paradoxa):
&/ « Also known as ‘Ori’ in Yoruba. Primarily sourced from the Northern regions. Used in cosmetics, food (as

a cocoa butter equivalent), and traditional medicine. _
@ » MELON SEED (Citrullus lanatus / Colocynthis citrullus):

» Commonly known as ‘Egusi’. Widely used in Nigerian soups. The oil is extracted for cooking.

7~/ « COTTON SEED (Gossypium spp.):

. *t « A by-product of the cotton industry, mainly in the North. Used as a cooking oil and in soap
s manufacturing.
_%, » BAMBARA NUT (Vigna subterranea):

8% o Cultivated across Nigeria. The oil is less common but extracted for specific local culinary uses.

« RUBBER SEED (Hevea brasiliensis):
i « Harvested as a by-product from rubber plantations, primarily in the South. High in polyunsaturated
& L fats, explored for industrial applications (paints, biodiesel) and potentially edible after
processing.
M, = « NEEM SEED (Azadirachta indica):
Z% 9« Found across Nigeria. The oil is non-edible for humans but highly valued for medicinal, cosmetic
(soaps, creams), and agricultural (pesticide) uses.

NIGERIA MINOR VEGETABLE OIL SOURCES OER

Box 3.1 Minor sources of vegetable oils in Nigeria
e Sesame seed
¢ Cottonseed
e Castorseed
Pilot questions 3.1
1. Name five major oil-bearing seeds and fruits in Nigeria.
2. Which region of Nigeria is most associated with palm fruit cultivation?
3. What are animal-based raw materials?
4. Give two examples of minor sources of vegetable oils in Nigeria.

5. Why are minor sources important despite their smaller scale of production?

3.2 Properties of Vegetable Oil Raw Materials
3:2.1 Physical properties

Vegetable oil raw materials possess distinct physical properties, which include size, colour,
texture, and hardness. Palm fruits are reddish and fibrous, groundnuts are small and oval with a
thin shell, while coconuts have a hard shell enclosing white flesh. These physical attributes
influence how easily the raw materials can be processed and the type of equipment required.
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Fillin the blank: The properties of vegetable oil raw materials include size, colour,
texture, and hardness.
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OIL PALM FRUIT GROUNDNUT SOYBEAN COCONUT
(Elaeis guineensis) (Arachis hypogaea) (Glycine max) (Cocos nucifera)
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NIGERIA VEGETABLE OIL RAW MATERIALS PHYSICAL PROPERTIES PHOTO OER - CC-BY-SA

Image showing palm fruit, groundnut, soybean, and coconut with visible physical features Caption:
Plate 3.2 Physical properties of vegetable oil raw materials

3.2.2 Chemical properties

The chemical properties of vegetable oil raw materials refer to their oil content, fatty acid profile,
and other chemical constituents. Palm oilis rich in saturated fatty acids, while sunflower oil
contains unsaturated fatty acids beneficial for heart health. Soybean oil has a balanced fatty acid
profile, making it versatile for both food and industrial uses.

Fillin the blank: Palm oilis rich in fatty acids, while sunflower oil is rich in unsaturated
fatty acids.
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25 paLmolL &7 GROUNDNUT OIL P SOVBEANOIL  [msm
__100% __100% __100% = [ MuFa
* * a2
= = 80% = 80% [Z] pura
= E g 62%
z z 60% 48% & 60%
= 40% S S a
8 8 40% 34% 8 %
= = 18% = 23%
E 10% E 20% E 20% 15%
SATURATED  Monounsaturated Polyunsaturated o SATURATED  MonounsaturatedPolyunsaturated o5 SATURATED  Monounsaturated Polyunsaturated
FATTY ACIDS (MUFA) (PUFA) FATTY ACIDS (MUF&) (PUFA) FATTY ACIDS (MUFA) (PUFA)
UFA UFA UFA
(& coconuT oL 4 SUNFLOWER OIL
= 100% 90% = 100%
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T 20% T 20% o E
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A, L A Sl |
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FATTYACIDS | (MUFA) (MUFA) (PUFA) FATTY ACIDS (MUFA) (MUFA) (PUFA) |
UFA UFA
[ KEVﬂFINDINGS: Coconut oil is predominantly saturated. Sunflower and Soybean are high in polyunsaturated fats. Groundnut and Palm have more balanced
profiles. 3

NIGERIA VEGETABLE OILS FATTY ACID PROFILE DIAGRAM OER - CC-BY-SA

Diagram showing fatty acid profiles of palm, groundnut, soybean, coconut, and sunflower oils
Caption: Figure 3.2 Fatty acid profiles of selected vegetable oils

3.2.3 Nutritional properties

Vegetable oil raw materials also provide important nutritional properties, including proteins,
vitamins, and minerals. Groundnuts and soybeans are rich in protein, making them valuable for
human diets and animal feed. Palm oil contains vitamin E and carotenoids, while coconut oil
provides quick energy due to its medium-chain triglycerides.

Fillin the blank: Soybeans and groundnuts are valued for their high
them important in diets and animal feed.

content, making
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NUTRITIONAL PROPERTIES OF KEY NIGERIAN VEGETABLE OIL RAW MATERIALS (per 100g)

SCIENTIFIC PROTEIN | TOTAL FAT |CARBOHYDRATES| FIBER ENERGY
RAW MATERIAL L @ @ © (@) (keal)
5) (hﬁg's';gg:‘p) guﬁ{gg':sis 1-3g | 45-55g | 10-15g | 5-8g | 500-550

Groundnut/ | Arachis
Peanut hypogaea 25-30g | 45-50g 15-20g 7-10g | 560 -600

Soybean | GCINe | 35.40q | 18-229 | 30-35g | 15-20g | 400-450

| e | 30 |93 | 5 | oot | 304

Cllof N

Helianthus
Sunflower | 20g | 45-50g 20 - 259 10-15g | 550-580

NIGERIA VEGETABLE OIL RAW MATERIALS NUTRITIONAL PROPERTIES TABLE OER

Table 3.1 Nutritional properties of selected vegetable oil raw materials

Raw material Key nutrient Nutritional benefit
Palm fruit Vitamin E, carotenoids Antioxidant properties
Groundnut Protein, oil Balanced nutrition
Soybean Protein, oil High protein source
Coconut Medium-chain triglycerides Quick energy

Sunflower  Unsaturated fatty acids Heart health
Pilot questions 3.2
1. What are the physical properties of vegetable oil raw materials?
2., Which type of fatty acids are abundant in palm oil?
3. Name oneoil seed rich in unsaturated fatty acids.
4. Which two oil seeds are valued for their high protein content?

5./ What nutrient in palm oil provides antioxidant properties?

3.3 Processing Requirements of Vegetable Oil Raw Materials

3.3.1 Pre-treatment

-
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Before extraction, vegetable oil raw materials undergo pre-treatment, which refers to preparatory
steps such as cleaning, drying, and dehulling. Cleaning removes dirt and foreign matter, drying
reduces moisture content to prevent spoilage, and dehulling separates the seed coat from the
kernel. These steps improve oil yield and quality.

Fillin the blank: Cleaning, drying, and are examples of pre-treatment processes for
vegetable oil raw materials.

Image showing cleaning and dehulling ' etable oi-l
raw materials

3.3.2 Extraction methods

The next stage involves extraction methods, which are techniques used to obtain oil from seeds

and fruits. Mechanical extraction uses equipment such as hydraulic presses and expellers, while

solvent extraction employs chemical solvents to dissolve and separate oils. Mechanical methods
are common in small-scale operations, while solvent extraction is typical of large-scale industrial
plants.

Fillin'the blank: Hydraulic presses and expellers are examples of extraction methods.
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COMPARISON OF VEGETABLE OIL EXTRACTION METHODS: MECHANICAL vs. SOLVENT

( MECHANICAL EXTRACTION ,=
(Presses & Expellers) il SOLVENT EXTRACTION
8 RAW MATERIAL PREPARATION: ( RAW MATERIAL PREPARATION: )
> Cleaning, Crushing/Flaking, Pre-pressing (optional). KE Preparation of seeds or press-cake (for pre-press
| o J L solvent extraction). )

( EXTRACTION PROCESS: f EXTRACTION PROCESS: )
- Uses high pressure and friction to force oil from seeds. | Uses a chemical solvent (e.g., Hexane) to dissolve and

L Continuous process. ) L extract oil from the material. Percolation or immersion.

= OUTPUTS: i = OUTPUTS: )
> & CRUDE OIL (High quality, requires less refining) & > i & CRUDE OIL (Solvent-oil mixture, requires distillation) &

-’.- PRESS-CAKE/MEAL Contains 610% residual oil, used for animal feed) -’.- EXTRACTED MEAL/CAKE (Contains <% residual oil, very efficient) J

(= ADVANTAGES: ) [ = ADVANTAGES: )
> . Less chemical use, lower initial capital, safer operation, > = High oil yield (]maximizes extraction), more efficient for

L e preserves oil quality, simpler technology. ) L low-oil seeds, lower residual oil in meal.

[ PUIENAC ) DISKIVANIREES, i ﬁmswmmsssz l?elqslﬁg‘slf:!‘gIAcspEnsal investment, uses hazardous chemicals 1
Pl 3 Lower oil yield (less efficient for low-oil seeds), higher Pl K — A J

X energy consumption per unit of oi, more wear on equipment. W= si';ﬁ”‘,a::&}ég'gg{g:geg’fg}&?hg‘g?gxgg ";ﬁf"“e"ta” safety ]

A4
[ KEY DIFFERENCES: Yield (Solvent > Mechanical), Residual Qil (Mechanical > Solvent), ]

Complexity (Solvent > Mechanical), Safety/Environment (Solvent < Mechanical).
Often used in combination (Pr&press Solvent) for optimal results.

VEGETABLE OIL EXTRACTION METHODS DIAGRAM OER - CC-BY-SA
Diagram showing mechanical vs solvent extraction methods Caption: Figure 3.3 Mechanical and
solvent extraction methods

3.3.3 Refining and storage considerations

After extraction, oils must be refined to remove impurities and improve quality. Refining involves
processes such as neutralisation, bleaching, and deodorisation. These steps ensure oils are safe,
clear, and suitable for consumption or industrial use.

Proper storage is also essential. Qils should be kept in clean, airtight containers away from heat
and light to prevent rancidity. Good storage practices extend shelf life and maintain nutritional

value.

Fillin the blank: Neutralisation, bleaching, and are examples of refining processes for
vegetable oils,
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REFINING & STORAGE CUNSIDERATIUNS FUR VEGETABLE OILS (NIGERIA CONTEXT) |

l REFINING PROCESS STEPS 4 2 STORAGE & STABILITY CONSIDERATIONS @
E Degumming: Removes gums (phospholipids) @3 Temperature Control: Store in a cool, dry place.
and other impurities using water or acid. ) Ideal temp: 20-25°C. Avoid extreme heat.

E Neutralization: Removes free fatty acids (FFAs) lL.!g:tt Pmtfc"?n' Usijotpaque or dark containers.
using caustic soda (NaOH). Forms soapstock. I e e O g
Air Exclusion (Headspace): Minimize headspace.
Bleaching: Removes color pigments and %ﬁ
residual impurities using bleaching earth.

Flush with inert gas (e.g., Nitrogen) to prevent
oxidationoxidation.

o : Moisture Control: Ensure containers are dry.
0 Deodorization: Removes volatile odor and flavor
Ea

o) : DINECL : encourages hydrolysis and microbial growth.
—|=) compounds via steam distillation under high e :
== vacuum. Contamination Prevention: Use clean, food-

grade storage vessels. Avoid cross-contamination
% Optional: Winterization: Removes waxes to Regular Monitoring: Monitor peroxide value (PV)

=> and free fatty acids (FFA) to check for rancidity.

- J J

NIGERIA VEGETABLE OIL REFINING AND STORAGE OER - CC-BY-SA

prevent cloudiness at low temperatures.

.

Box 3.2 Refining and storage considerations for vegetable oils
¢ Neutralisation: removes free fatty.acids
e Bleaching: improves clarity and colour
¢ Deodorisation: removes odours

e Storage: airtight containers, cool environment

Pilot questions 3.3
1. What are three examples of pre-treatment processes for vegetable oil raw materials?
2. Which extraction method uses hydraulic presses and expellers?
3. What is solvent extraction, and where is it commonly used?
4. Name two refining processes applied to vegetable oils.

5. Why is proper storage important for vegetable oils?

3.4 Case Studies of Selected Raw Materials
3.4.1 Palm fruit

Palm fruit is Nigeria’s most prominent vegetable oil raw material. It yields palm oil, which is widely
used in cooking, soap-making, and industrial applications. The fruit is fibrous and reddish, with a
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high oil content that makes it economically valuable. Nigeria has a long history of palm oil
production, particularly in the southern regions.

Fillin the blank: Palm fruit is especially abundantin the region of Nigeria.

S
NIGERIA "~ ~
ALM FRUIT ~-
BUN RU'T“’.“.:»Z

e

DTy -
e 7 N 3 -~

Image of palm fruitAbunches ready for oil extraction Caption: Plate 3.4 Palm fruit bnche»s in Nigeria
3.4.2 Groundnut

Groundnut is a major oil seed cultivated in northern Nigeria. It provides groundnut oil, which is
widely used for frying, baking, and margarine production. Groundnuts are also consumed directly
as snacks or processed.into paste. Industrially, groundnut oilis applied in confectionery and soap-
making.

Fillin the blank: Groundnut oil is widely used for and baking in Nigeria.
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CULINARY & INDUSTRIAL USES OF GROUNDNUT OIL (NIGERIA CONTEXT)

g =
@
1. NIGERIAN GROUNDNUT OIL
( % 3 CULINARY uszs@ﬂ | (Arachis hypogaea)

% REEP(ERYIré(i ) v TET OLEOCEJEM(ICALIS j
ara (Bean Cakes 2. PROCESSING & o Soap Making (Local & Commercial
Dodo (Fried Plantain) < Q/ > Cosmetics (Creams, Lotions
Chips/Crisps PURIFICATION Lubricarllts( ams, Lotions)
Y §TlR FbllivgNG &(§AUT OI{JG ANIMAL FEED
P2 egetable Stews (Egus), Okra Livestock Feed Ingredient
w mggﬁﬁ:ﬁ%gﬁg"f ried Rlce)) Poultry Feed Suppglement
f FLAVOR ENHANCEMENT <%y PHARMACEUTICALS
@ Salad Dressing Base eS”  Excipients & Carriers in Medicines
Sauces & Marinades LN\ Vitamin E Extraction
TRADITIONAL SNACKS ) ( Ea BIOFUEL
N Kuli Kuli Production iodi i
| = Groundnut Brittle (Ada) J | Biodiesel Feedstock Exploration
v v v
5. ECONOMIC IMPACT &
 —
{ SUSTAINABILITY é%é ]

NIGERIA GROUNDNUT OIL USES DIAGRAM OER - CC-BY-SA

Diagram showing groundnut oil uses in Nigeria Caption: Figure 3.4 Groundnut oil uses in Nigeria
3.4.3 Soybean

Soybean is valued for its high protein content. and moderate oil yield. Soybean oil is neutralin
flavour, making it suitable for diverse cooking methods. Industrially, it is used in paints, lubricants,
and biodiesel production. Soybeans also serve as a major source of animal feed due to their
protein-rich composition.

Fillin the blank: Soybean is valued for its high content, making it important for both
human and animal diets.
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NUTRITIONAL COMPOSITION OF SOYBEAN RAW MATERIAL (Glycine max) - TYPICAL RANGE
COMPONENT TYRICAL COMPOSITION|  RANGE DESCRIPTION & FUNCTION
4 crupe proTEN 36.59 e e e
(9 ToTAL AT (UPIDS) 1959 e T
& CARBOHYDRATES (Total) 30g 28 -32g Includes soluble and insoluble fibers and sugars. Energy
supply.
ﬁ DIETARY FIBER (Total) 9.3g 8-10g |Aids digestion, promotes gut health, regulates blood sugar.
[ Mineral content, including Calcium, Iron, Magnesium,
4.7g 4-5g Phosphorus, Potassium.g :
10g 8-12g | Water content; affects storage and processing stability.
Plant compounds with potential antioxidant and health-
150mg 100 - 200mg modulating effects (e.g., genistein, daidzein).
| Varied Varied Yr:g?;il;‘olEi S('::‘t;t.ioxidam), Vitamin K (clotting), B Vitamins
wgm OTHER (e.g., Lecithin) 1.5 1-2g ::gsapsh:rllizigz,lisr#&?.nant for cell membrane function

NIGERIA SOYBEAN NUTRITIONAL COMPOSITION TABLE OER - CC-BY-SA

Table 3.2 Nutritional composition of soybean raw material

Component Percentage Notable feature
Protein 35-40% High protein content
Oil 18-20% Neutral flavour
Carbohydrate 30% Energy source

3.4.4 Coconut and sunflower

Coconutyields coconut oil, rich.in saturated fats and widely used in cooking, cosmetics, and hair
products. It is also applied medicinally for skin care. Sunflower produces sunflower oil, valued for
its unsaturated fatty acids and. anti-inflammatory properties. Both raw materials are increasingly
cultivated in Nigeria'to diversify oil sources and reduce dependence on palm oil.

Fill in the blank: Sunflower oil is valued for its
properties.

fatty acids and anti-inflammatory
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COMPARATIVE FEATURES: COCONUT vs. SUNFLOWER
RAW MATERIALS (NIGERIA)

Q. Nigeria coconut sunflower oil features OER

£ SN iy
O COCONUT (cocos nucifera) Eg % SUNFLOWER (Helianthus annuus)
Rich in Lauric Acid =~ High in Vitamin E
High saturated fat content, distinct lauric acid levels. =r1> Source of antioxidant Vitamin E (alpha-tocopherol).
Stable for High Heat Poly/Monounsaturated Fats
Excellent oxidative stability, ideal for high-temperature Balanced fatty acid profile (depending on type, e.g.,
cooking. Linoleic or Oleic).
) Solid at Room Temp Liquid at Room Temp
@ Naturally semi-solid or solid in cooler climates. Typically remains liquid oil at standard temperatures.
Tropical Origin ¢ Widespread Cultivation
J=2%. Commonly sourced from coastal regions like Nigeria's % Grown in various agro-ecological zones, including parts
southern states. of Nigeria.
A Moisturizing Properties Light Texture/Flavor
Used in skincare and cosmetics for emollient effects. Mild taste and non-greasy texture, versatile in cooking.
Distinct Flavor/Aroma Industrial Uses
Strong, characteristic flavor profile. Used in food processing, frying, and biodiesel )
i production. i

EDUCATIONAL RESOURCE - OER
www.oer.nigeria-oils/features

Box 3.3 Key features of coconut and sunflower raw materials
e Coconutoil: rich in saturated fats, used.in cooking and cosmetics

o Sunflower oil: rich in unsaturated fatty acids, used in pharmaceuticals and cooking

Pilot questions 3.4
1. Which region of Nigeria is most associated with palm fruit cultivation?
2. Whatis groundnut oil commonly used for in Nigeria?
3. Why is soybeanimportant for both human and animal diets?
4. Which oil seedis richin saturated fats and widely used in cosmetics?

5. Which oil seed is'valued for its unsaturated fatty acids?

Series Summary

This Series has explored the essential raw materials that underpin Nigeria’s vegetable oil industry.
We began by classifying oil-bearing seeds and fruits, contrasting them briefly with animal-based
sources, and identifying minor contributors such as sesame and cottonseed. We then examined
their physical, chemical, and nutritional properties, showing how these characteristics influence
processing and value. Following this, we considered the processing requirements, including pre-
treatment, extraction methods, and refining and storage practices. Finally, we analysed case
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studies of palm fruit, groundnut, soybean, coconut, and sunflower, highlighting their economic and
nutritional importance.

By completing this Series, you should now be able to classify vegetable oil raw materials (SLO 3.1),
describe their properties (SLO 3.2), explain their processing requirements (SLO 3.3), and evaluate
case studies of selected raw materials (SLO 3.4).

Series Glossary

¢ Animal-based raw materials: Oils and fats obtained from animals, such asfish oil and
lard.

e Dehulling: The process of removing the seed coat from oil seeds before extraction.

e Extraction methods: Techniques used to obtain oil from seeds and fruits, including
mechanical and solvent extraction.

e Fatty acid profile: The balance of saturated and unsaturated fatty acids in oils.

¢ Minor sources: Oil seeds cultivated on a smaller scale, such as sesame, cottonseed, and
castor seed.

¢ Neutralisation: A refining process that removes free fatty.acids from oils.
e Palm fruit: A major oil-bearing fruitin Nigeria, yielding palm oil.

e Pre-treatment: Preparatory steps'such as cleaning, drying, and dehulling before oil
extraction.

e Refining: Processes applied to oils to remove impurities and improve quality.

e Soybean: An oil seedrich in protein and moderate oil content, used in food and industry.
Concept Check Questions [Series 3]
Objective questions

1. Which oil-bearing fruit is most associated with southern Nigeria? (Linked to SLO 3.1)

2./ What type of fatty acids are abundant in sunflower oil? (Linked to SLO 3.2)

3." Which refining process removes free fatty acids from oils? (Linked to SLO 3.3)

Short-answer questions
4. | Describe one physical property of vegetable oil raw materials. (Linked to SLO 3.2)

5. Explain the difference between mechanical and solvent extraction methods. (Linked to SLO
3.3)

6. ldentify one minor source of vegetable oils in Nigeria. (Linked to SLO 3.1)
Long-answer questions

-
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Analyse the processing requirements of vegetable oil raw materials, focusing on pre-
treatment, extraction, and refining. (Linked to SLO 3.3)

o Basicresponse: Learners should describe cleaning, drying, dehulling, mechanical
and solvent extraction, and refining processes.

o Value-added response: Outstanding learners may also evaluate efficiency
differences between methods and propose improvements for Nigerian processors.

Evaluate the economic and nutritional importance of palm fruit, groundnut, soybean,
coconut, and sunflower in Nigeria. (Linked to SLO 3.4)

o Basicresponse: Learners should explain the uses of each/iraw materialin food,
industry, and nutrition.

o Value-added response: Outstanding learners may also assess theirrole in regional
economies, export trade, and diversification strategies.

Answers to Pilot Questions [Series 3]

1.

2.

10.

11.

12.

13.

14.

15.

16.

17.

-

Palm fruit, groundnut, soybean, coconut, sunflower.
Southern Nigeria.

Oils and fats obtained from animals.

Sesame seed and cottonseed:.

They contribute to diversity and niche markets.
Size, colour, texture; hardness.

Saturated fattyacids.

Sunflower.

Soybean and groundnut.

Vitamin E.

Cleaning, drying, dehulling.

Mechanical extraction.

Use of chemical solvents in large-scale plants.
Neutralisation and bleaching.

To prevent rancidity and maintain quality.
Southern Nigeria.

Frying.
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18. High protein content.
19. Coconut.
20. Sunflower.

References and Attributions [Series 3]

e Plate 3.1 Oil-bearing seeds and fruits in Nigeria: Suggested Al prompt “Generate‘an image
showing palm fruit, groundnut, soybean, coconut, and sunflower seeds/fruits together”.
Search string: “Nigeria oil-bearing seeds and fruits photo OER”.

e Figure 3.1 Vegetable vs animal oil raw materials: Suggested Al prompt “Create a diagram
contrasting vegetable oil raw materials (seeds, fruits) with animal-based raw materials (fish
oil, lard)”. Search string: “vegetable vs animal oil raw materials diagram OER”.

e Box 3.1 Minor sources of vegetable oils in Nigeria: Suggested Al prompt “Generate a text
box listing minor sources of vegetable oils in Nigeria”./'Search string: “Nigeria minor
vegetable oil sources OER”.

e Plate 3.2 Physical properties of vegetable oil raw materials: Suggested Al prompt “Generate
an image showing palm fruit, groundnut, soybean, and coconut highlighting their physical
features”. Search string: “Nigeria vegetable oil rawmaterials physical properties photo
OER”.

o Figure 3.2 Fatty acid profiles of selected vegetable oils: Suggested Al prompt “Create a
diagram comparing saturated and unsaturated fatty acid profiles of palm, groundnut,
soybean, coconut, and sunflower oils”. Search string: “Nigeria vegetable oils fatty acid
profile diagram OER”.

e Table 3.1 Nutritional properties of selected vegetable oil raw materials: Suggested Al
prompt “Generate a table showing nutritional properties of palm, groundnut, soybean,
coconut;and sunflower,raw materials”. Search string: “Nigeria vegetable oil raw materials
nutritional properties table OER”.

o _Plate 3.3 Pre-treatment of vegetable oil raw materials: Suggested Al prompt “Generate an
image showing cleaning, drying, and dehulling of groundnut and soybean seeds”. Search
string: “Nigeria vegetable oil raw materials pre-treatment photo OER”.

e Figure 3.3 Mechanical and solvent extraction methods: Suggested Al prompt “Create a
diagram comparing mechanical extraction (presses, expellers) and solvent extraction
methods for vegetable oils”. Search string: “vegetable oil extraction methods diagram
OER”.

¢ Box 3.2 Refining and storage considerations for vegetable oils: Suggested Al prompt
“Generate a text box listing refining and storage considerations for vegetable oils”. Search
string: “Nigeria vegetable oil refining and storage OER”.

-
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e Plate 3.4 Palm fruit bunches in Nigeria: Suggested Al prompt “Generate an image showing
palm fruit bunches harvested for oil extraction in Nigeria”. Search string: “Nigeria palm fruit
bunches photo OER”.

e Figure 3.4 Groundnut oil uses in Nigeria: Suggested Al prompt “Create a diagram showing
culinary and industrial uses of groundnut oil in Nigeria”. Search string: “Nigeria groundnut
oil uses diagram OER”.

e Table 3.2 Nutritional composition of soybean raw material: Suggested Al prompt “Generate
a table showing nutritional composition of soybean raw material”. Search string: “Nigeria
soybean nutritional composition table OER”.

e Box 3.3 Key features of coconut and sunflower raw materials: Suggested Al prompt
“Generate a text box listing key features of coconut and sunflower raw materials”. Search
string: “Nigeria coconut sunflower oil features OER”.

Series 4: Climatic and Storage Effects on Glycerides

Series outline

¢ 4.1 Introduction to glycerides
o Definition andtypes of glycerides (mono-, di-, tri-glycerides)
o Importance inoils and fats industry

e 4.2 Climatic influences onglycerides
o <Temperature effects on stability and rancidity
o ' Humidity and moisture absorption
o Regional climatic variations in Nigeria

e 4.3 Storage conditions and their impact
o Proper storage practices (containers, light, air exposure)
o Chemical changes during storage (oxidation, hydrolysis)
o Shelf life considerations

e 4.4 Case studies of glyceride behaviour
o Palm oil storage under tropical conditions

-
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o Groundnut oil susceptibility to rancidity
o Soybean oil oxidation patterns

o Coconut and sunflower oil storage outcomes

Introduction

Glycerides, which include mono-, di-, and tri-glycerides, are the fundamental chemical
compounds found in oils and fats. They serve as the primary storage form of energy in plants and
animals and are central to the nutritional and industrial value of vegetable oils. However, their
stability and quality are significantly influenced by external factors such as climate and storage
conditions.

This Series focuses on how climatic factors (temperature, humidity, and regional variations) and
storage practices (containers, exposure to light and air, refining, and shelf life) affect glycerides. By
studying these influences, you will understand why oils and fats may deteriorate, lose nutritional
value, or develop undesirable qualities, and how proper management can preserve their
usefulness.

We shall commence this Series by introducing glycerides and their importance in the oils and fats
industry. Next, we will examine climatic influences; focusing on temperature, humidity, and
regional variations. Following that, we will consider storage conditions and their impact, including
refining, oxidation, and shelf life. Finally;we will conclude with case studies of glyceride behaviour
in palm, groundnut, soybean, coconut, and sunflower oils under different climatic and storage
conditions.

Series Learning Outcomes
Upon completing this Series, you should be able to:
e SLO 4.1 define glycerides and explain their types and importance in oils and fats,

e SLO 4.2 analyse the effects of climatic factors such as temperature, humidity, and regional
variations.on glycerides,

e | SLO 4.3 explain how storage conditions influence glyceride stability, including oxidation,
hydrolysis, and shelf life, and

o SLO 4.4 evaluate case studies of glyceride behaviour in palm, groundnut, soybean,
coconut, and sunflower oils under varying climatic and storage conditions.

4.1 Introduction to Glycerides

4.1.1 Definition of glycerides

-
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Glycerides are chemical compounds formed when glycerol combines with fatty acids. They are the
main constituents of oils and fats, serving as energy storage molecules in plants and animals.
Depending on the number of fatty acids attached to glycerol, glycerides can be classified into
mono-, di-, and tri-glycerides.

Fillin the blank: Glycerides are formed when combines with fatty acids.

FORMATION OF GLYCERIDES: ESTERIFICATION OF GLYCEROL WITH FATTY ACIDS

|lene® Q. glycerides chemical structure diagram OER Q
REACTANTS 0 f” ﬂ ﬁ
OH H CaH ‘J_,'.H,'.__"}_ ~00H REACTION CONDITIONS —iG20 —c=0 “—C—0
| ‘l 3HsC e e oL Eszeriﬁcation,zc?g\g;?élz;gfa::;l(Dchydranon) R1-COOH R2-COOH R3-COOH
H-0—C—C—0 >
(I) : I THE PROCESS
HH W 0
MONOGLYCERIDE  ,.o—¢—0—oH —» R;-One Fatty Acid 3} ,‘_(:_[l_-’ J\_ —C—0=0 + H,0
| One Fatty ) 0—C )
GLYCEROL FORMATION Glycerol One Fatty Acid : R1 GcherolEster
| Propan-1,2, 3-triol (R1)
Lglct)séxﬂcAET%oNE Hi0—E—0140 oM — Ry Second Fatly Acid (1) — Rue—t—¢ -L', 8—9 + H,0
i Second Fatty Acid H Diglyceride
‘ Monaglycende (R2) y (R1,Rz- Gl)?;:erclmestey)
] 0N 0 0
T'B(I)%thg%%g[; HiAO—C— —OH — Ra-Third Fa Rs) —P Ryl 1:2 (:I—lq "J_\’-I"_ —E—oH + H,0
Diglyceride Third Fatty Amd i Triglyceride
FINAL PRODUCTS (R1,R2,Ra-Glycerol Triester)
MONOGLYCERIDE DIGLYCERIDE TRIGLYCERIDE
(Monoester) (Diester) (Triester)
| 0O 0 0 H 0 0 k 0 0
Fatty Acids Attached HO—’%‘C:'*?""I: 0—ChHs ‘T‘-_ : ,,_#_f}_?(,_g_ Sk _g_m ' "%"#‘%"f“‘w-u i
1 H OH H I H i 52
Ester Bonds 1,2,3 1,2,3 1,2,3
Common Uses . Emulsifier, Food Additive -‘ Emulsifier, Food Ingredient Eﬁnagpg(;"s%prg;gm of Fats &Oils,

Diagram showing glycerol molecule bonding with fatty acids to form glycerides Caption: Figure 4.1
Formation of glycerides

4.1.2 Types of glycerides
¢ Mono-glycerides: contain one fatty acid attached to glycerol.
o Di-glycerides: contain two fatty acids attached to glycerol.

e Tri-glycerides: contain three fatty acids attached to glycerol; these are the most common
invegetable oils:

Tri-glycerides dominate in edible oils and fats, making them the most important type for food and
industrial.applications.

Fillin the blank: The most common glycerides in vegetable oils are
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ene types of glycerides table OER Q

COMPARATIVE TABLE OF GLYCERIDES: MONO-, DI-, AND TRI-GLYCERIDES ~ ()

GLYCERIDE TYPE ‘ CHEMICAL STRUCTURE |  KEY FEATURES EXAMPLES & SOURCES | BIOLOGICAL ROLE/
MONOGLYCERIDE 0 e High polarity, * Glyceryl Monostearate _
(Monoester) C—C-oa A excellent emulsifier, | EJGMdS). dtood i Smulst!flcallon,

0 One | ¢ minor component in (:e 'rrr‘]grro:ﬁﬁ:eb : e%%)s S1ges '°C"‘. ’
R{—C—R{ AN ’;\aclig i SO, fats cogn:]Etlch] )y ) intermediate

Dl%iYeg:EeIgDE 0 » Moderate polarity, | ¢ 1,2-Dioleoylglycerol  Emulsification,

0 C—C—Qammm good emulsifier, » Found in vegetable oils signaling molecule
RO A Two [I 9 intermediate in fat (in small amounts), (e.g., DAG), fat
Ry—C—Rp A |Acid C—C-otddd metabolism emulsifying agent digestion intermediate

TRIGLYCERIDE - o Tri i -

(et 05 hompolr oy | Tk ooy " | Maiorenergy surce,

PSR Cﬁif N hydrophoblc,.prlmary g insulation,

R1—g—.‘1‘, AALAL ;hlee C—-’C DDA of fats and Olls, e Found in an!ma .atS, protecﬁon of organs

i o N energy storage vegetable oils, adipose

Ra—C—Ra ANAA tissue
~ /
EDUCATIONAL OER RESOURCE ( « N

www.oer-glycerides.org

Table 4.1 Types of glycerides

Type Fatty acids attached Example use

Mono-glyceride One Food emulsifiers

Di-glyceride Two Intermediate compounds
Tri-glyceride  Three Main component of oils and fats

4.1.3 Importance of glycerides in oils and fats industry

Glycerides are central to the oils and fats industry because they determine the nutritional value,
stability, and industrial applications of oils. Tri-glycerides provide energy and essential fatty acids,
while mono- and di-glycerides are used as emulsifiers in food processing. The behaviour of
glycerides under climatic and storage conditions directly affects oil quality, shelf life, and usability.

Fillin the blank: Mono-.and di-glycerides are commonly used as in food processing.
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importance of glycerides in oils and fats industry OER Q

IMPORTANCE OF GLYCERIDES IN
( THE OILS AND FATS INDUSTRY N

PRIMARY COMPONENTS

Make up the bulk (95-99%) of most
natural fats and oils. Essential for
energy storage and structure.

=2 ENERGY STORAGE & DENSITY

O =, High energy density (approx. 9 High energy density (approx. 9 kcal/g).
4 kcal/g). Compact form for biological Compact form for biological and
—J and commercial energy. commercial energy.

PHYSICAL PROPERTIES INDUSTRIAL APPLICATIONS
(TEXTURE & MELTING) Fundamental raw material for the
Determine the melting point, consistency, Fundamental raw material for the //

and texture of products (e.g., solid vs.

production of soaps (saponification),
liquid at room temp).

saponification), cosmetics, and biofuels
(biodiesel).
NUTRITIONAL VALUE

953 Provide essential fatty acids (especially
/¥J) PUFAs) and are crucial for the absorption of
~" fat-soluble vitamins (A, D, E, K).

o _4
EDUCATIONAL RESOURCE - OER | Learn more at www.oer-oilsandfats.edu / //\

P

EMULSIFYING AGENTS \

Mono- and diglycerides are widely used
as food emulsifiers to stabilize mixtures.

Box 4.1 Importance of glycerides
e Energysourceindiets
e Provide essential fatty acids
o Used as emulsifiers in food industry
¢ Influence oil stability and shelf life
Pilot questions 4.1
1. What are glycerides formed from?
2. Name the three types of glycerides.
3. Which type of glyceride is most common in vegetable oils?
4. Whatrole do mono- and di-glycerides play in food processing?

5. Why are glycerides important in the oils and fats industry?

4.2 Climatic Influences on Glycerides
4.2.1 Temperature effects

Temperature plays a major role in the stability of glycerides. High temperatures accelerate
oxidation and rancidity, causing oils to lose flavour, colour, and nutritional value. In tropical
climates like Nigeria, oils such as palm and groundnut are particularly vulnerable to heat-induced

-
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deterioration. Conversely, low temperatures can cause oils to solidify, affecting their usability but
slowing down chemical changes.

Fillin the blank: High temperatures accelerate

EFFECTS OF TEMPERATURE ON GLYCERIDES: STABILITY AND DEGRADATION

Q_ temperature effects on glycerides diagram OER

and rancidity in glycerides.

LEFT PANEL (HIGH TEMPERATURE EFFECTS)

HIGH TEMPERATURE
(DEGRADATION & RANCIDITY)

LOW TEMPERATURE EFFECTS)

LOW TEMPERATURE
(SOLIDIFICATION & STABILITY)

o Qo
A | HIGH HEAT

? O PRI (e.g., Deep Frying > 180°C)

/OXIDATIVE RANCIDITY

LOW HEAT/COOLING
A (e.g., < 10°C)

T Irceride'
olecule

CRYSTALLIZATION & SOLIDIFICATIO:\

Triglyceride
b?u ecule

uv Initiated by Heat, Light, Oxygen Fat Crystal Formation
L+ & P03 o AN > e Gga‘.;@ » . .
. ~ 8 WA AAAAAA V0 Increased Viscosit
me + 0, + Heat —> .‘f(. —— Aoy ' VAARMARA g AVVVWAAA 45,%‘:;0 SR £
Molecule /4 N (Free Radical (Chain  (Formation of ) SAARAARA ARAAAAAAA &% Semi-Solid/Solid State
Reduced  Formation)  Propagades, Ketones, efc.)  Foaming, : 5 (Ordered Packing of (Formation of : o
Aldehydes/Ketones Nuuitions] Value B Triglycerides Fatty Acid Chains) ot Oyl Cloudiness (noils)
(Oft-flavors/Odors) Acrid Smoke
THERMAL OXIDATION STORAGE STABILITY
Polymerization & Decomposition Inhibition of Degradation
o~ T
o0 X 0 3 : . ;
G55 4 & Increased Viscosit (Stable Triglyceride Retards Oxidation
u 2 )LOH ’ ! Struclure, 15 ‘ ) Preserves Flavol
; " /d\ (Formation of Cyclic ree Fatty Acids 1OXC Compounds Inactive Radicals) ; " Stable Crystalline
riglyceride Comp‘?‘;;:j“séf[;;mers, (Free Fatty Acids) ) Cold Storage Closed Extends Shelf Life Network
KEY DIFFERENCES
* HIGH TEMP: ib ical breakdown, fc ion of harmful ¢ ds, flavor loss.

« LOW TEMP: Reversible physical change, preservation of chemical integrity, extended shelf life.

©

Diagram showing the effect of high vs low temperature on glyceride stability Caption: Figure 4.2
Temperature effects on glycerides

4.2.2 Humidity and moisture absorption

Humidity influences glycerides by promoting moisture absorption, which can lead to hydrolysis.
Hydrolysis breaks down glycerides into free fatty acids, reducing oil quality and increasing acidity.
Oils stored in humid environments without proper sealing are more likely to spoil quickly.

Fillin the blank: Humidity promotes
glycerides.

absorption, which can lead to hydrolysis of
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: - ] LT
Image showing oil containers exposed to humid conditions Caption: Plate 4.2 Humidity effects on
stored oils

4.2.3 Regional climatic variations in Nigeria

Nigeria’s diverse climate zones affect glyceride behaviour differently. In the humid south, palm oil
is prone to hydrolysis and rancidity due to high moisture levels. In the drier north, groundnut oil is
more stable but still vulnerable to heat-induced oxidation. Soybean and sunflower oils, cultivated
in central regions, face moderate risks from both heat and humidity.

Fillin the blank: In the humid southern regions of Nigeria, palm oil is prone to and
rancidity.
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ene Q. Nigeria climatic effects on vegetable oils OER

REGIONAL CLIMATIC EFFECTS ON GLYCERIDES IN NIGERIA '’

NORTHERN REGION CENTRAL REGION SOUTHERN REGION
(Sudan & Sahel Savannah) (Guinea Savannah) (Mangrove & Rainforest Swamps)
( High HeaT & LOW HumidiTy N Central's Climate B Mangrove & Rainforest Swamps) 2\
* MODERATE CLIMATE
" HIGH HEAT & LOW HUMIDITY 4 (Variable Conditions) "7 HIGH HUMIDITY & ﬁ
EFFECT ON GLYCERIDES (Oils/Fats): | | EFFECT ON GLYCERIDES (Oils/Fats): i R LEMEERE T
« Accelerated Oxidation: Increased + Balanced Storage Stability: EFFECT ON GLYCERIDES (Oils/Fats):
development. north, but requires monitoring. encourages breakdown of triglyceride
« Faster Degradation: Reduced shelf * Seasonal Variation: Changes in oil into free fatty acids (FFAs).
life due to thermal stress. gs:lsig]g”d yield based on wet/dry « Mold & Microbial Growth: High
. . S : humidit t il d
Increasgd Sat_uratethat (t:)ontent. « Optimal Conditions (with care): cgnmtla r:w iyng;?omno es spoilage an
Some adaptation to heat, but Good potential for processing and .. o
overall impact is negative for storage with proper + Stability Challenges: Difficult
quality. . o= management. = conditions for long-term st.orage. -
» Example: Groundnut oil stability « Example: Palm oil quality can * Example: High FFA levelsin |y~
reduced. we fluctuate seasonally. e improperly stored palm kernel 0”"1{:
& SV \_ @y

EDUCATIONAL RESOURCE - OER | Designed for agricultural and food science studies.

Box 4.2 Regional climatic effects on glycerides in Nigeria
e Southern Nigeria: high humidity= hydrolysis and rancidity in palm oil
o Northern Nigeria: high temperature = oxidation in groundnut oil

o Central Nigeria: moderate risks > soybean and sunflower oils affected by both heat and
humidity

Pilot questions 4.2
1. What effect does high temperature have on glycerides?
2. How does humidity affect glyceride stability?
3. Whichclimatic conditionin southern Nigeria makes palm oil prone to rancidity?
4. Why isgroundnutoil more stable in northern Nigeria?

5.. Whichoils in'central Nigeria face moderate risks from both heat and humidity?

4.3 Storage Conditions and Their Impact on Glycerides

-
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4.3.1 Proper storage practices

Glycerides in oils and fats remain stable only when stored under proper conditions. Oils should be
keptin airtight containers, away from direct sunlight and heat. Exposure to air leads to oxidation,
while light accelerates rancidity. Metal containers may react with oils, so glass or food-grade
plastic is preferred.

Fillin the blank: Oils should be stored in containers to prevent oxidation and rancidity.

CUEFSESSTD H:g ]gfg c HI%:-’K’)‘EBIC
AVOO(;{UJO SUNFLOWER SUNFLOWER
oiL ol

TOASTED
VEGETABLE OIL: PROPER SESAME
STORAGE GUIDELINES (0€R CC-BY) Ol

* Store Cool: 12°C-18°C (SS°F-65°F) [ Besai

* Store Dark: Protect from UV light i

« Airtight Seal: Prevents oxidation

* Avoid Heat: Keep away from stove/oven

Image showing vegetable oils stored.in airtight glass containers away from sunlight Caption: Plate
4.3 Proper storage practices for oils

4.3.2 Chemical changes during storage
During storage, glycerides undergo chemical changes such as oxidation and hydrolysis.
¢ Oxidation:reaction with oxygen, leading to rancidity and off-flavours.

e / Hydrolysis: breakdown of glycerides into free fatty acids due to moisture, increasing
acidity.

These changes reduce oil quality, shorten shelf life, and affect nutritional value.

Fillin'the blank: Oxidation and are two chemical changes that occur in glycerides during
storage.
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oxidation hydrolysis glycerides storage diagram OER E

MECHANISMS OF OIL DEGRADATION DURING STORAGE: OXIDATION AND HYDROLYSIS
UNDERSTANDING GLYCERIDE STABILITY IN OILS

OXIDATION (RANCIDITY) HYDROLYSIS

iede, Go@ - (fi;h
‘ Light/Heat/Metal lon
_, Free Radical Formation /) 0\’ OH el
INTIATION e * (1 N?WHeat, B STORAGE | | MECHANISM ) A Liﬁ’ase o A g FoA Aot
Metal lon) tal lon CONDITIONS: Triglyceride ~ Water Enzyme Glycerol Free Fatty Aclds
o %o n 'O\'/Q\. -»nghg, Heat, = {(H,0)  Enzyme / (FFAs)
Froa Pérox I Hydroperoxide Moisture,
PROPAGATION (i + 0xygen — 2Pl —  (ROOH) BT BREAKDOWN PRODUCTS
(R-) (02) (ROOY) 4 N MAJOR CAUSE: |ncrease in Free Fatty Acids (FFAS),
g Moisture, Monoglycerides,
_ By Lipase Enzymes, Diglycerides,
Stinky odor  taste Heat rycerol
Seconda
MAJOR CAUSE: i idi
; Hydroperoxide Oxidation Products: > RESULT: —— Hydrolytic Rancidity
Ll%%gi?lat' Breakdomn > Ketones, etc. (Increase in Acidity, Foam Formation, Flavor Change)
RESULT:
RESULT: Oxidative Rancidity IMPACT ON OIL QUALITY & SAFETY
Light, Heat, Oxygen (0ff-flavors, Off-odors, Nutrient Loss Color Change Reduced Shelf Life Potential Health Risk
Toxic Compuunds) Unpleasant Flavor/Odor GER

ESUCATIONAL RESCUREE

Diagram showing oxidation and hydrolysis processes in stored oils Caption: Figure 4.3 Chemical
changes in glycerides during storage

4.3.3 Shelf life considerations

The shelf life of oils depends on both climatic conditions and storage practices. Oils stored in
cool, dry, and dark environments last'longer; while those exposed to heat, light, and humidity
deteriorate quickly. Refined oils generally have longer shelf lives than crude oils because impurities
that accelerate spoilage are removed during refining.

Fillin the blank: Refined oils generally have a longer than crude oils.
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Q. vegetable oil shelf life storage OER Q

a N
~SHELF LIFE CONSIDERATIONS FOR VEGETABLE OILS
PRIMARY FACTORS AFFECTING SHELF LIFE | OPTIMAL STORAGE CONDITIONS
ﬂ <o Oxidation: Exposure to oxygen, leading to rancidity. | = Temperature: Store in a cool place (e.g.,
= Heat: Accelerates chemical degradation and i
(h) E oxidation rates. s ﬁ (L;:)gnizgl rI‘(eert;p in a dark location or use dark/opaque
Light (Photo-oxidation): UV rays break down oil ;
O cza%pc()nents, causing of)f-ﬂav[)r);. b i" an dlé;‘;géﬂigm containers and minimize @ QQ
0 _© Moisture & Hydrolysis: Water can cause the i . < 7
O o breakdown of triglycerides, increasing free fatty acids. 0 N CO“_LBINET Materlallz Glass or appropriate plastic; ®
g@ Presence of Impurities: Metals, food particles, and = avoid reactive metals (iron, copper).
enzymes act as catalysts. &
ﬁ TIPS TO EXTEND SHELF LIFE . 8%
SIGNS OF SPOILAGE (RANCID”Y) Buy in smaller quantities: Use within
s /', Odor: Musty, soapy, metallic, or crayon-like smell. recommended timeframes.
s Taste: Bitter, acidic, or sharp flavor. B Refrigerate (optional): For some delicate oils
Tasre ) : : ; (like flax), but bring to room temp before use.
Appearance: Cloudiness, sediment, or darkened K iahtly closed: Aft h
color (for some oils). /& Keep cap tightly closed: After each use.
o v

EDUCATIONAL RESOURCE - OER | Learn more at www.oer-oils.edu

Box 4.3 Shelf life considerations for oils
e Cool, dry, dark storage ~> longershelf life
e Heat, light, humidity > faster spoilage
o Refined oils - longer shelf life than crude oils
Pilot questions 4.3
1. Why should oils be stored in airtight containers?
2. Name two chemical changes that occur in glycerides during storage.
3. What effect does oxidation have on oils?
4. Why do refined oils last longer than crude oils?

5. Which storage conditions extend the shelf life of oils?

4.4 Case Studies of Glyceride Behaviour
4.4.1 Palm oil under tropical storage

Palmoil, rich in saturated fatty acids, is prone to hydrolysis and rancidity when stored in humid
tropical climates. High moisture levels in southern Nigeria accelerate spoilage, especially if oils are
kept in open or poorly sealed containers.

Fillin the blank: Palm oil stored in humid tropical climates is prone to and rancidity.
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Image showing palm oil stored in open containers in humid conditions Caption: Plate 4.4 Palm oil
storage challenges in humid climates

4.4.2 Groundnut oil susceptibility to rancidity

Groundnut oil, though stable in drier northern climates, is highly susceptible to oxidation when
exposed to heat and air. This leads to/rancidity, off-flavours, and reduced nutritional quality. Proper
sealing and cool storage are essential to preserve its shelf life.

Fillin the blank: Groundnut oilis highly susceptible to when exposed to heat and air.
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Groundnut Oil Molecule

GROUNDNUT OIL OXIDATION PROCESS DURING STORAGE:
MECHANISMS AND PRODUCTS
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Diagram showing oxidation process in groundnut oil Caption: Figure 4.4 Oxidation in groundnut oil

during storage

4.4.3 Soybean oil oxidation patterns

Soybean oil contains a balanced fatty acid profile but is vulnerable to oxidative rancidity due to its
unsaturated fatty acids. In central Nigeria, where both heat and humidity are moderate, soybean oil
requires careful storage in airtight, dark containers to prevent deterioration.

Fillin the blank: Soybean oilis vulnerable to

rancidity due to its unsaturated fatty acids.
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OXIDATION PATTERNS OF SOYBEAN OIL UNDER DIFFERENT
CONDITIONS: A COMPARATIVE STUDY
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Table 4.2 Soybean oil oxidation patterns

Condition
Heat

Humidity

Effect on soybean oil

Accelerates oxidation

Promotes hydrolysis

Airtight storage Reduces deterioration

4.4.4 Coconut and sunflower oil storage outcomes

Coconut oil, rich in saturated fats, is relatively stable but can develop off-flavours if exposed to
light and air. Sunflower oil, with its high unsaturated fatty acid content, is more prone to oxidation
and requires strict storage conditions. Both oils highlight the importance of tailoring storage
practices to the chemical nature of the oil.

Fill in the blank: Sunflower oil requires strict storage conditions because of its high

acid content.

fatty
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COMPARATIVE STORAGE OUTCOMES:
COCONUT OIL vs. SUNFLOWER OIL

/' N :

o COCONUT OIL (High Saturated Fat) J& @ SUNFLOWER OIL (High Polyunsaturated Fat)
Oxidative Stability: @ Oxidative Stability:

Highly resistant to oxidation; long shelf life. High susceptibility to oxidation; limited shelf life.
Rancidity (Long-term)- Rancidity (Long-term):

Low susceptibility to developing off-flavors; very stable. High risk of developing bitter, cardboard-like off-flavors quickly.

Physical State: Solidifies in cool temperatures (< 24°C); Physical State: Remains liquid at most standard
melts when warm. Texture changes are normal. temperatures; cloudiness can s can occur if refrigerated.

Color & Odor: @@ Color & Odor:
Remains stable; maintains characteristic aroma and color. Can darken and develop rancid odor with prolonged exposure.
Optimal Storage: # Optimal Storage:
3 Cool, dry, dark place. Airtight container. Cool, dark place. Airtight container. Refrigeration extends life.
Shelf Life (Typical): @t Shelf Life (Typical):
18 to 24 months (Refined); up to 12 months (Virgin). ) 6 to 12 months (if unopened and stored correctly).

NS

KEY DIFFERENGE: Coconut oil's high saturated fat content makes it much more stable and resistant to rancidity during storage compared to the more
delicate polyunsaturated fats in sunflower oil. Storage conditions are critical for both, but sunflower oil requires more care to prevent rapid degradation.

A
\ J
EDUCATIONAL OER RESOURCE | For more information on food science, visit www.oer-foodscience.edu

Box 4.4 Storage outcomes of coconut and sunflower oils
e Coconutoil: stable, but sensitive to light-and air

o Sunflower oil: prone to oxidation, requires airtight and dark storage

Pilot questions 4.4
1. What climatic condition makes palm oil prone to rancidity in southern Nigeria?
2. Which chemical process affects groundnut oil when exposed to heat and air?
3. Why is soybean oil vulnerable to oxidative rancidity?
4. What factor makes coconut oil relatively stable compared to sunflower oil?

5. Why does sunflower oil require strict storage conditions?

Series Summary

This Series examined how climatic and storage conditions affect the stability and behaviour of
glycerides in oils and fats. We began with an introduction to glycerides, their types (mono-, di-, and
tri-glycerides), and their importance in the oils and fats industry. We then analysed climatic
influences, focusing on temperature, humidity, and Nigeria’s regional variations. Next, we explored
storage conditions, including proper practices, chemical changes such as oxidation and
hydrolysis, and shelf life considerations. Finally, we studied case examples of palm, groundnut,
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soybean, coconut, and sunflower oils, highlighting how their glycerides respond to different
climates and storage environments.

By completing this Series, you should now be able to define glycerides and their types (SLO 4.1),
analyse climatic effects on glycerides (SLO 4.2), explain storage impacts on glycerides (SLO 4.3),
and evaluate case studies of glyceride behaviour (SLO 4.4).

Series Glossary

e Glycerides: Compounds formed when glycerol bonds with fatty acids.

e Mono-glyceride: Glyceride with one fatty acid attached to glycerol.

o Di-glyceride: Glyceride with two fatty acids attached to glycerol.

o Tri-glyceride: Glyceride with three fatty acids attached to glycerol; most common in oils.

o Oxidation: Chemical reaction with oxygen that causes rancidity in oils.

o Hydrolysis: Breakdown of glycerides into free fatty acids due to moisture.

¢ Rancidity: Spoilage of oils, producing off-flavours and odours:

o Shelf life: The period during which oils remain safe and usable under proper storage.

¢ Humidity: Moisture in the air that promotes hydrolysis in oils.

¢ Refined oils: Oils processed to remove impurities, giving them longer shelf life.
Concept Check Questions [Series 4]
Objective questions

1. What are glycerides formed from? (Linked to SLO 4.1)

2. Which type of glyceride is most common in vegetable oils? (Linked to SLO 4.1)

3. What climatic factor promotes hydrolysis of glycerides? (Linked to SLO 4.2)
Short-answer questions

4. Explainone effect of high temperature on glycerides. (Linked to SLO 4.2)

5. Name two chemical changes that occur in glycerides during storage. (Linked to SLO 4.3)

6. Why do refined oils generally last longer than crude oils? (Linked to SLO 4.3)
Long-answer questions

7. Analyse the impact of climatic factors such as temperature and humidity on glyceride
stability. (Linked to SLO 4.2)

o Basicresponse: Learners should describe how heat accelerates oxidation and
humidity promotes hydrolysis.

-
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o Value-added response: Outstanding learners may also compare regional climatic
effects in Nigeria and propose mitigation strategies.

8. Evaluate case studies of palm, groundnut, soybean, coconut, and sunflower oils under
different storage conditions. (Linked to SLO 4.4)

o Basicresponse: Learners should explain how each oil responds to heat, humidity,
and storage practices.

o Value-added response: Outstanding learners may also assess economic
implications of spoilage and suggest improved storage technologies.

Answers to Pilot Questions [Series 4]
1. Glycerol and fatty acids.
2. Mono-, di-, tri-glycerides.
3. Tri-glycerides.

4. Emulsifiers.

5. They provide energy, fatty acids, and stability.
6. Oxidation.

7. Moisture absorption.

8. Hydrolysis.

9. Hydrolysis.

10. Southern Nigeria.

11. Oxidation.

12. Unsaturated fatty acids.
13. Airtight containers:

14. Oxidation and hydrolysis.
15. Rancidity.

16. Impurities are removed.
17. Cool, dry, dark storage.
18. Hydrolysis.

19. Oxidation.

20. Unsaturated fatty acids.

-
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References and Attributions [Series 4]

e Figure 4.1 Formation of glycerides: Suggested Al prompt “Create a labelled diagram
showing glycerol bonding with fatty acids to form mono-, di-, and tri-glycerides”. Search
string: “glycerides chemical structure diagram OER”.

e Table 4.1 Types of glycerides: Suggested Al prompt “Generate a table showing mono-, di-,
and tri-glycerides with examples”. Search string: “types of glycerides table OER™.

e Box4.1 Importance of glycerides: Suggested Al prompt “Generate a text box listing
importance of glycerides in oils and fats industry”. Search string: “importance of glycerides
in oils and fats industry OER”.

e Figure 4.2 Temperature effects on glycerides: Suggested Al prompt “Create a diagram
showing glyceride behaviour under high temperature (oxidation, rancidity) and low
temperature (solidification, stability)”. Search string: “temperature effects on glycerides
diagram OER”.

e Plate 4.2 Humidity effects on stored oils: Suggested Al prompt “Generate an image showing
oil containers exposed to humid tropical conditions”. Search string: “humidity effects on
vegetable oil storage photo OER”.

e Box 4.2 Regional climatic effects on glycerides in Nigeria: Suggested Al prompt “Generate a
text box summarising regional climatic effects on glycerides in Nigeria”. Search string:
“Nigeria climatic effects on vegetable oils OER”.

o Plate 4.3 Proper storage practices for oils: Suggested Al prompt “Generate an image
showing vegetable oils stored in airtight glass containers away from sunlight”. Search
string: “vegetable oil proper storage photo OER”.

o Figure 4.3 Chemical changes.in glycerides during storage: Suggested Al prompt “Create a
diagram showing oxidation and hydrolysis processes in stored oils”. Search string:
“oxidation hydrolysis glycerides storage diagram OER”.

e Box 4.3 Shelf life considerations for oils: Suggested Al prompt “Generate a text box listing
shelf life considerations for oils”. Search string: “vegetable oil shelf life storage OER”.

e  Plate 4.4 Palm oil storage challenges in humid climates: Suggested Al prompt “Generate an
image showing palm oil stored in open containers in humid tropical conditions”. Search
string: “Nigeria palm oil storage humid climate photo OER”.

e - Figure 4.4 Oxidation in groundnut oil during storage: Suggested Al prompt “Create a
diagram showing oxidation process in groundnut oil during storage”. Search string:
“groundnut oil oxidation diagram OER”.

-
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e Table 4.2 Soybean oil oxidation patterns: Suggested Al prompt “Generate a table showing
oxidation patterns of soybean oil under different conditions”. Search string: “soybean oil
oxidation storage table OER”.

e Box4.4 Storage outcomes of coconut and sunflower oils: Suggested Al prompt “Generate a
text box listing storage outcomes of coconut and sunflower oils”. Search string: “coconut
sunflower oil storage outcomes OER”.

Series 5: Oil Refining and Quality Indices
Series Outline
¢ 5.1 Introduction to oil refining
o Definition and purpose of refining
o Importance in oils and fats industry
e 5.2 Stages of oil refining
o Degumming and neutralisation
o Bleaching and deodorisation
o Winterisation and fractionation
¢ 5.3 Quality indices of oils
o Freefattyacid (FFA) content
o | Peroxide value (PV)
o lodine value (1V)
o - Saponification value (SV)
o 5.4 Factors affecting oil quality
o Climatic and storage influences
o Processing methods and refining efficiency
o Packaging and handling practices
e 5.5 Case studies of refined oils
o Palm oilrefining outcomes
P
K-
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o Groundnut oil refining outcomes

o Soybean, coconut, and sunflower oil quality indices

Introduction

Oil refining is a critical stage in the processing of vegetable oils, transforming crude oils into safe,
stable, and high-quality products suitable for consumption and industrial use. Refining removes
impurities such as free fatty acids, phospholipids, pigments, and odours, therebyimproving the
oil’s appearance, taste, and shelf life.

This Series focuses on both the processes of oil refining and the quality indices used to evaluate
refined oils. You will learn the stages of refining, including degumming, neutralisation, bleaching,
deodorisation, and fractionation. We will also explore the key quality indices—free fatty acid
content, peroxide value, iodine value, and saponification value—that determine oil quality. Finally,
we will examine factors affecting oil quality and case studies of refined oils such as palm,
groundnut, soybean, coconut, and sunflower.

We shall commence this Series by introducing oil refining and its importance. Next, we will study
the stages of refining, followed by the quality indices used to assess oils. We will then consider
factors that influence oil quality, and conclude with case studies of refined oils in Nigeria.

Series Learning Outcomes
Upon completing this Series, you should be able to:
o SLO 5.1 define oil refining and explain its purpose in the oils and fats industry,

e SLO 5.2 describe the stages of oil refining, including degumming, neutralisation, bleaching,
deodorisation, and fractionation,

o SLO 5.3 identify and explainkey quality indices of oils such as FFA, PV, IV, and SV,
e SLO 5.4 analyse factors affecting oil quality during refining, storage, and handling, and

e SLO 5.5 evaluate/case studies of refined oils (palm, groundnut, soybean, coconut,
sunflower) in.terms of refining outcomes and quality indices.

5.1 Introduction to Oil Refining
5.1.1 Definition of oil refining

Oilrefining is the process of purifying crude vegetable oils to remove impurities such as free fatty
acids, phospholipids, pigments, and odours. The goal is to produce oils that are safe, stable, and
suitable for human consumption or industrial use. Refining improves the oil’s colour, flavour, and
shelf life.

Fillin the blank: Oil refining removes impurities such as , pigments, and odours.

-

o)
MET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



[ NN ) " oil refining process diagram OER

VEGETABLE OIL REFINING PROCESS: FROM CRUDE TO PURIFIED OIL
FROM CRUDE TO PURIFIED OIL

START STAGE 1: STAGE 2: STAGE 3: STAGE 4: STAGE 5: END
(— (FARLEFT) ) (— DEGUMMING ) (“NEUTRALIZATIONY) (— BLEACHING ) ( DEODORIZATION 7 (~ f&LTlﬁmlg —\ (— (FARRIGHT)
‘ A
ozcmmmg'_n BLEACHING
il . -
I f L3\ [Bleaching Earth| =) £=> | POLISHING
nge"rpﬂcid, g {Activated Gy > = Fatty Acids & 7 Aaron

m—— Odoriferous N "

J c?mptlylum;s
Distillate]
Gums Soapstock Spent Bleaching 4
(Lecithin) (Sodium Soaps) Earth —
Crude gflP }gg;urilies Removes water-soluble Removes Free Fatly color pig R volatile compound Final removal of P?,ﬂ;l;géj gﬂ
(Gums, FFAs, impurities Sgums) by Acids (FFAS) by and trace impunities S?ﬂigﬁffﬁis'ﬁﬁéﬂiﬁ iiﬁz){ any remaining fine Ready for
Pigments, Waxes) L hydration. reaction with alkali. by adsorption. N et particles. Packaging/Use )
KEY PURIFICATION STEPS EXPLAINED )
Stage 1: CRUDE Removes water-soluble impurities (gums) by hydration.
Stage 1: DEGUMMING Removes water-soluble impurities (gums) by hydration. §
Stage 2: NEUTRALLIZATION ~ Removes Free Fatty Acids (FFAs) by reaction with alFAs) via steam distillation under high vacuum. [
Stage 3: BLEACHING Removes volatile compounds ﬁodor, taste, residual FFAs} via steam distillation under high
L Stage 5: POLISHING (oPTIONAL) Removes volatile compounds (odor, taste, residual FFAs) via steam distillation under high vacuum. )
t @ EDUCATIONAL RESOURCE - OER j

Diagram showing crude oil entering a refining process and emerging as purified oil Caption: Figure
5.1 Oil refining process overview

5.1.2 Purpose of oil refining
The purpose of refining is to:
¢ Improve nutritional quality by removing harmful compounds.
¢ Enhance appearanceand flavour by eliminating pigments and odours.
o Extend shelf life by reducing rancidity.
e Ensure industrial suitability for products such as margarine, soap, and cosmetics.

Fillin the blank: Refining extends the of oils by reducing rancidity.
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PURPOSES OF OIL REFINING: FROM CRUDE TO PURIFIED OIL

> REMOVE IMPURITIES
& 8 Eliminate Gums (Lecithin) Extract Waxes (Winterization)
b Prevents foaming and cloudiness. Ensures oil remains clear at low temperatures.
j\ . - Remove Free Fatty Acids (FFAs) 4 Reduce Trace Metals (Fe, Cu)
He” ek Prevents rancidity and improves smoke point. E Slows down oxidation and extends shelf life.

@, IMPROVE STABILITY

- Enhance Oxidative Stability & Increase Smoke Point
Increases resistance to spoilage (rancidity). === Allows for higher temperature cooking without burning.

@0 REFINE APPEARANCE & FLAVOR
5

- Remove Color Pigments (Bleaching) ‘ > Eliminate Odor and Off-Flavors (Deodorization)
Results in a lighter, clear, more uniform color. § Createsa bland, neutral taste and smell.

INCREASE VERSATILITY e
% - Develop Uniform Product Creates a standard product (e.g., salad oil, cooking oil) from vaned crude éiﬁ
- Enable Specialized Uses Preparres oil for specifics applications (e.g., frying, baking, biodiesel production).

o~ J

EDUCATIONAL OER RESOURCE | Learn more at www.oer-oilrefining.edu

Box 5.1 Purposes of oil refining

e Nutritional quality improvement
o Better appearance and flavour
e Longer shelf life

e Industrial suitability

5.1.3 Importance in oils and fats industry

Oil refining is essential in the oils and fats industry because crude oils often contain impurities
that make them unsuitable for direct consumption. Without refining, oils may spoil quickly, taste
unpleasant; or pose health risks. Refined oils meet international quality standards, making them
competitive inboth local and global markets.

Fill in the blank: Refined oils meet quality standards, making them competitive in global
markets.
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Image showing bottles of refined vegetable oils ready for sale Caption: Plate 5.1 Refined vegetable
oils in the market

Pilot questions 5.1
1. What impurities are removed during oil refining?
2. Listtwo purposes of oil refining.
3. Why isrefining importantin the oils and fats industry?
4. How does refining affect the shelf life of oils?

5. What makes refined oils competitive in global markets?

5.2 Stages of Oil Refining
5.2.1 Degumming and neutralisation

¢  Degumming: Removes phospholipids and other gum-Llike substances from crude oil. This
step.improves clarity and prevents emulsification problems.

¢ | Neutralisation: Eliminates free fatty acids (FFA) by treating the oil with an alkali solution,
producing soapstock that is separated from the oil.

Fill in the blank: Degumming removes from crude oil to improve clarity.

MET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



degumming neutralisation oil refining diagram OER ~ Q

OIL REFINING: DE-GUMMING AND NEUTRALISATION PROCESSES
N

(REMOVAL OF GUMS) (REMOVAL OF FREE FATTY ACIDS)
De-gumming removes water-soluble | INPUT: I (Neutralisation reacts free | lally acids |
impurities (phospholipids/gums) by CAUSTIC SODA . REACTION with alkali (NaOH) to form soapstock,
INPUT I drguon preventing foaming and (NaOH) 2o s 6 i \vhxézlt\ is sgparaled Thliwerrlmves l
H | ne o %
sTART Crude O||‘ VESSEL cloudiness. SOLUTION VESSEL ‘ln:mxywmqsauumsum «0 acidity andg improves ol qua lly
Water, 1/
) Phosphoric Al 4 NEUTRALISED
Acid (REFINED) OIL
& = SEPARATION (@) DE-GUMMED OIL SEPARATION ._P
@ DE-GUMMING % : NEUTRALISATION RE';'(?,EXGOE“
CENTRIFUGE Temp CENTRIFUGE
CRUDE Temp: 70-95°C Heater
VEGETABLE OIL 60-85°C DE-GUMMING NEUTRALISATION
(vith Gums) REACTOR (== REACTOR
l OUTPUTS l - . OUTPUTS I
GUMS & WATER i SOAPSTOCK
(Hydrated Gums, . (Sodium Soaps,
Lecithin, Waxes) GUM/SLUDGE Excess NaOH, water)SOAPSTOCKIBYPRODUCT
L STORAGE | |
COMPARATIVE SUMMARY: DE-GUMMING vs. NEUTRALISATION

IMPURITY REMOVED AGENT USED [ METHOD PRIMARY PURPOSE |

Gums (Phospholipids) Water & Acid Hydration & Centrifugation Prevent Foaming S

Free Fatty Acids (FFAs) Caustic Soda (NaOH) Saponification & Centrifugation Reduce Acidity O\E/R

Diagram showing degumming and neutralisation steps in oil refining Caption: Figure 5.2
Degumming and neutralisation processes

5.2.2 Bleaching and deodorisation

Bleaching: Uses adsorbent clays or activated carbon to remove pigments, trace metals,
and residual soap. This step improves oil colour and stability.

Deodorisation: Involves steam distillation under vacuum to remove volatile compounds
responsible for odours and flavours.

Fillin the blank: Bleaching improves oil by removing pigments and trace metals.
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Image showing bleaching earth being added to crude oil Caption: Plate 5.2 Bleaching process in oil
refining

5.2.3 Winterisation and fractionation

¢ Winterisation: Removes waxes and high-melting triglycerides that cause cloudiness in oils
at low temperatures.

¢ Fractionation: Separates oils into solid and liquid fractions based on melting points,
producing products like palm olein'and palm stearin.

Fill in the blank: Winterisation removes that cause cloudiness in oils at low
temperatures.
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OUTCOMES OF WINTERISATION AND
FRACTIONATION IN OIL REFINING

~N
WINTERISATION (DEWAXING) %Zfﬁ FRACTIONATION (DRY FRACTIONATION)
22 Primary Objective n . Primary Objective ]
@ Removal of high-melting point components (waxes, Separation of oil into fractions with different melting
stearins) to improve clarity. J points and properties.
Process Process
t Controlled cooling of the oil to induce crystallization, * Controlled crystallization at specific temperatures,
followed by filtration. followed by mechanical separation (filtration or pressing).
Key Outcome 1 Key Outcome 1
@vsg Enhanced Cold Stability: Prevents cloudiness or @ Q Creation of Distinct Fractions: Yields a solid (stearin)
solidification at low temperatures. and a liquid (olein) fraction.
Key Outcome 2 Key Outcome 2
M}' aration of Wax Fraction: Yields a high-melting point % Tailored Functionality: Produces fats with specific
d byproduct (waxes). melting profiles for different end uses.
Typical Application @ Typical Application
Essential for salad oils and clear liquid oils. Used for margarine, confectionery fats, and specialty oils.

Product Appearance Product Appearance
Crystal clear, brilliant oil appearance. Solid fats, semi-solids, or modified liquid oils.

[ KEY DIFFERENCE: Winterisation is a specific form of fractionation focused solely on removing trace waxes for cold stability. J

Fractionation is a broader process designed to separate bulk oil into distinct, usable fractions based on triglyceride composition.

EDUCATIONAL OER RESOURCE | Learn more at www.oeroils.edu
Box 5.2 Winterisation and fractionation outcomes

e Winterisation - clear oils at lowitemperatures

e Fractionation = solid and liquid fractions (e.g., palm olein, palm stearin)
Pilot questions 5.2

1. What does degumming remove from crude oil?

2. Which refining stage'eliminates free fatty acids?

3. Whatis the purpose of bleaching in oil refining?

4. How does deodorisation improve oil quality?

5. What products are obtained from fractionation of palm oil?

5.3 Quality Indices of Oils
5.3.1 Free fatty acid (FFA) content

The FFA content measures the amount of free fatty acids present in oil. High FFA levels indicate
poor refining or deterioration due to hydrolysis. Oils with low FFA are considered stable and of
higher quality.

Fillin the blank: High levels of indicate poor refining or deterioration in oils.
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PREMIUM QUALITY * MEDIUM QUALITY \" LOW QUALITY (REHNABLE) UNFIT FOR CONSUMPTION
Green Zone . b L) \__ YellowZone : Zeeen Zone Low Zone
FFA Level: < 0.1% FFA Level: 0.1% - 0.5% FFA Level: 0.5% - 1.5% FFA Level: 1.5% - 3.0% FFA Level: > 3.0%
Virtually No Hydrolysis Minimal Hydrolysis Noticeable Hydrolysis Significant Hydrolysis Severe Hydrolysis &
& Oxidation Degradation
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Key Characteristics Key Characteristics Key Characteristics Key Characteristics Key Characteristics
Bland/Neutral Odor Very Low Acidity Slightly Acidic Taste Unpleasant Flavor (Rancid) Strong Rancid Odor
Light Color Minor Flavor Nuances Reduced Smoke Point Darkened Color Intolerable Acidic/Bitter Taste
Stable Flavor Good Stability Shorter Shelf Life High Foaming during Frying  Low Smoke Point (Safety Hazard)
High Smoke Point Requires Neutralization Potentially Toxic
§ ¢ Lipase MAINTAINING LOW FFA LEVELS IS CRITICAL FOR
FFA ACCUMULATION FACTORS l g Heat o Moisture ™% Enp mes Time OIL STABILITY AND CONSUMER ACCEPTANCE.
N2 EDUCATIONAL RESOURCE - OER - CC-BY
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Diagram showing relationship between FFA levels and oil quality Caption: Figure 5.3 Free fatty acid
content in oils

5.3.2 Peroxide value (PV)

The peroxide value measures the extent of oxidation in oils. A high PV indicates rancidity and
reduced shelf life. PV is a key index for monitoring oil stability during storage.

Fillin the blank: A high peroxide value indicates in oils.
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—— / e High Rancidity PV: > 30 mEq/kg

Image showing rancid oil samples compared to fresh oil Caption: Plate 5.3 Peroxide value and
rancidity in oils

5.3.3 lodine value (IV)

The iodine value measures the degree of unsaturation in oils. Oils with high IV contain more
unsaturated fatty acids, making them prone to oxidation but beneficial for health. Palm oil has a
lower IV compared to sunflower oil, which is highly unsaturated.

Fillin the blank: The iodine value measures the degree of in oils.
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IODINE V ALUES OF COMMON VEGETABLE OILS: A COMPARATIVE OER RESOURCE / |

T I K % P
@ ramon | Fnisicateonem. | g ge58 [ ¥
g oo | Wter oo |5 ae105 | M
.‘;“i/ Soybean 0il ﬁgg‘mﬂg (flg?ckianc%don' .5, 120-143 Polyunsaturated
@ Sunflower Oil \L/ii?:;]l;ﬁi\éoh high in .6, 110-143 Polyunsaturated )

KEY FACTS ABOUT IODINE VALUE
 Measures the degree of unsaturation (number of double bonds) in fats/oils.
« Higher lodine Value = More unsaturation = More prone to oxidation (rancidity)
« Lower lodine Value = More saturated fat = More solid at room temperature

(@ EDUCATIONAL OER RESOURCE | Licensed under CC-8Y-SA

Table 5.1 lodine values of selected oils

Oil type lodine value range Notable feature

Palm oil 44-56 Low unsaturation
Groundnut oil 85-99 Moderate unsaturation
Soybeanoil 120-140 High unsaturation
Sunflower oil 125-145 Very high unsaturation

5.3.4 Saponification value (SV)

The saponification value measures the average molecular weight of fatty acids in oils. A high SV
indicates shorter-chain fatty acids, while a low SV indicates longer-chain fatty acids. SV is
important in soap-making and industrial applications.

Fill in the blank: The saponification value measures the average weight of fatty acids in
oils.

MET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



saponification value importance oils OER B

OPEN EDUCATIONAL RESOURE (XIFICATION VALUE & (OER) OCPIDC-0DU)
IMPORTANCE OF SAPONIFICATION VALUE IN OILS: AN EDUCATIONAL RESOURCE

@ DETERMINATION OF AVERAGE FATTY ACID CHAIN LENGTH

« Higher Saponification Value = Shorter average fatty acid chain length.
« Lower Saponification Value = Longer average fatty acid chain length.

ASSESSMENT OF OIL PURITY AND ADULTERATION

« Provides a standard range for specific pure oils (e.g., Coconut oil has a high value, Olive oil has a moderate value).
« Deviations from the standard value indicate adulteration with cheaper or different oils.

©©_o SUITABILITY FOR SOAP MAKING (SAPONIFICATION)
@ « Indicates the amount of alkali (like NaOH or KOH) required for complete saponification.
« Crucial for formulating soaps with the correct oil-to-lye ratio.

?Z% EVALUATION OF MEAN MOLECULAR WEIGHT OF TRIGLYCERIDES

» The saponification value is inversely proportional to the mean molecular weight of the triglycerides.
« Helps in understanding the composition of the oil.

2. IDENTIFICATION OF OIL TYPE

« Each oil has a characteristic saponifiication value, aiding in identification and quality control.
A KEY PARAMETER IN QUALITY CONTROL & LIPID CHEMISTRY

EDUCATIONAL OER RESOURCE | Learn more at www.oer-lipids.edu

Box 5.3 Importance of saponification value
e Determines fatty acid chain length
e (Guides soap-making processes
¢ Indicates industrial suitabilityof oils
Pilot questions 5.3
1. What does the free fatty acid content indicate in oils?
2. What does‘a high peroxide value suggest about oil quality?
3. Which oil has the lowest iodine value among palm, groundnut, soybean, and sunflower?
4. What does the iodine value measure in oils?

5. Why is the saponification value important in soap-making?

5.4 Factors Affecting Oil Quality
5:4.1 Climatic and storage influences

Climatic conditions such as temperature and humidity directly affect oil quality. High
temperatures accelerate oxidation, while humidity promotes hydrolysis. Poor storage practices—
like exposure to air, light, or moisture—further reduce oil stability and shelf life.

Fillin the blank: High accelerates oxidation, while humidity promotes hydrolysis in oils.
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Image showing oil containers exposed to heat and humidity Caption: Plate 5.4 Climatic and storage
influences on oil quality

5.4.2 Processing methods and refining efficiency

The method of processing and the efficiency of refining determine oil quality. Crude oils with poor
pre-treatment or incomplete refining retain impurities that cause rancidity. Efficient refining
ensures removal of free fatty acids, pigments, and odours, producing oils that meet international
standards.

Fillin the blank: Efficient refining ensures removal of free fatty acids, pigments, and .
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LEFT COLUMN:
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COMPARISON:

CRUDE VEGETABLE OIL WITH IMPURITIES vs.
REFINED VEGETABLE OIL WITH IMPROVED QUALITY

J

KEY CHARACTERISTICS

 Dark Color (High Pigment)

* High Acidity (High FFAs)

e Unpleasant Odor/Taste

o Cloudy Appearance (High Gums)
o Low Stability (Oxidation Risk)

¢ Low Smoke Point

7

(Removal of Pigments) |
DEODORIZATION ;!
(Removal of Odor) |

> (e L)

REFINED Ol

_.)w

\

o |
L

RIGHT COLUMN:
REFINED VEGETABLE OIL
(Improved Quality)

("REFINED OIL COMPOSITION )

28 Triglycerides

&iomcn (Purified)

vy Minimal FFAs

"~ Minimal Gums

& Reduced Pigments
@ Trace Metals Removed

% Odor Compounds Removed

\ () Waxes Removed
= J

KEY CHARACTERISTICS
o Light, Clear Color
o Low Acidity (Neutral)
o Bland/Neutral Taste
o Brilliant Clarity

* High Stability (Extended Shelf Life)
 High Smoke Point

AND EDIBILITY OF VEGETABLE OILS WHILE RETAINING ESSENTIAL NUTRIENTS.

©

\

Diagram showing crude oil vs refined oil quality outcomes Caption: Figure 5.4 Processing methods

and refining efficiency

5.4.3 Packaging and handling practices

Packaging and handling also influence oil quality. Oils stored in airtight, food-grade containers
last longer than those kept in open or/reactive containers. Handling practices such as avoiding
contamination during transfer and maintaining hygiene standards are critical to preserving oil

quality.

Fillin the blank: Oils stored in airtight, food-grade containers last longer than those keptin

containers.
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PACKAGING AND HANDLING PRACTICES FOR

O

MAINTAINING VEGETABLE OIL QUALITY 1/)
( PACKAGING PRACTICES HANDLING PRACTICES
MATERIAL SELECTION = TEMPERATURE CONTROL
.0 Use opaque, dark-ohored glass ée.g., amberLor = Store oil in a cool, dr glace, ideally below 20°C (68°F).
Righ;d elnsity olyethltIane?HDP ) plastic to block light. Avoid extreme heat e,> 0°C).
void clear plastic for long-term storage.
% BARRIER PROPERTIES LIGHT PROTECTION s kot
@ Select materials with excellent oxygen and moisture Kec_e#.) containers away from direct sunlight and strong
f artificial light sources. Store in a pantry or cabinet.

barrier properties to prevent oxidation.
CONTAINER TYPE

OXYGEN EXPOSURE

Use airtight, nitrogen-flushed containers for bulk or S Minimize air contact. Keep containers tightly sealed

premium oils. Ensure secure, tamper-evident seals (] Lr}wmﬁdtlately after each use. For bulk, consider a nitrogen
' : anket.

SIZE & SHAPE CLEANLINESS

Choose convenient sizes that minimize headspace (air
volume) after opening. Ergonomic shapes for pouring.

LABELING
Include clear information on oil type, source, production
date, best-before date, and optimal storage conditions.

Use clean, dry utensils and equipment when dispensing oil.
Prevent water contamination.

FIRST-IN, FIRST-OUT (FIFO)

Implement a stock rotation system to use older oil first,
ensuring product freshness.

KEY PRINCIPLE: Protection from light, air, heat, and moisture is essential to maximize the shelf life
and nutritional value of vegetable oil.

\ A
EDUCATIONAL OER RESOURCE | Learn more at www.oer-vegetableoils.edu

Box 5.4 Packaging and handling practices for oil quality

Y&

e Airtight containers prevent oxidation
o Food-grade materials avoid chemical reactions
e Hygienic handling prevents contamination
o Proper sealing extends shelf life
Pilot questions 5.4
1. How does high temperature affect oil quality?
2. Whatrole does humidity play in oil deterioration?
3. Why isrefining efficiency important for oil quality?
4. Name two packaging practices that extend oil shelf life.

5. How does hygienic handling influence oil quality?

5.5 Case Studies of Refined Oils

5.5.1 Palm oil refining outcomes

Palm oil refining removes free fatty acids, carotenoids (pigments), and odours, producing a clear,
stable oil. Refined palm oil is widely used in cooking, margarine, and confectionery. Fractionation
produces palm olein (liquid fraction) and palm stearin (solid fraction), each with distinct industrial
uses.
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Fillin the blank: Fractionation of palm oil produces palm olein and

7 |
D—l

o Refined Paim O > Cysalizaton —> Fitiaton—> Pam Ot 1

* Refined Palm Oil RBD Palm il (IV: 50-55)
* Palm Olein Cooking oil salad oil (Liguid) .
» Palm Stearin  Margarine, shortening, confectionery (Solid)

Image showing refined palm oil and its tions(olei d ste& Caption: Plate 5.5 Refined palm
oil and its fractions

5.5.2 Groundnut oil refining outcome

Groundnut oil refining reduces fre y ac nd oves odours, producing a light-coloured oil

suitable for frying and baking. Its refi form longer shelf life compared to crude groundnut
oil, which is prone to rancidit

Fill in the blank: Refined gro

Q
)

suitable for and baking.
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- GROUNDNUT OIL: CRUDE vs. REFINED PROPERTIES COMPARISON "

LEFT COLUMN: CRUDE GROUNDNUT OIL (Unrefined) THE REFINING PROCESS RIGHT COLUMN: REFINED GROUNDNUT OIL (Processed)
= —_— e 'S N
s ( {cnuns OIL COMPOSITION | CRUDE OIL P o REFINED OIL COMPOSITION
oY mﬂ!ﬁﬂg:ﬁem f A’ceiﬁs ?;F‘Yks)
2.2, Phospholipids (&) DEGUMMING 2, Reduced Gums &
caY ﬁ;ums)lm‘ A Mixer (Removal of Gums) €S Waxes ¢ Trace Levels of
8 Ve Tocoeron) J REz'l':ED % Mty oiedasts
R Comennss, 4 Somoounds NEUTRALIZATION 0 Retueed ) yetas Removed
@@ Trace Metals Waxes Separator (Removal of FFAs) N ) f B Deodorized
\@G (Fe, Cu) Kwetaii) ) N~ L & (Neutral Flavor)
KEY CHARACTERISTICS ?‘ o b KEY CHARACTERISTICS
ler
. Dark Color (Deep Amber) @ Light Color (Pale Golden)
@ Strong Nutty Aroma & Flavor I‘EI DEODORIZATION ' e Bland/Neutral Taste (Odorless)
@ High Acidity (vigh FFas) vk 10 (Removal of Odor) © Low Acidity (Neutralized)
@ Low Smoke Point (~160°C) ) @ High Smoke Point (~230°C)
Cloudy Appearance g REFINED OIL o R :
O (Contal¥l s l?n‘:)urilies) v o Brilliant Clarity (winterized & Filtered)
@ |5 rtione Yare THE REFINING GOAL: TO IMPROVE STABILITY, APPEARANCE, AND € Extended ShelfLife (vore sabe
Less Stab} SMOKE POINT WHILE CREATING A NEUTRAL-FLAVOR PRODUCT. () Reduced Nutritional Value
(Pﬁgge toa0xiedation) CRUDE OIL RETAINS MORE NATURAL COMPOUNDS BUT HAS A | (Some losses dueto refining) )
) SHORTER SHELF LIFE AND LOWER SMOKE POINT. OER B

Diagram showing crude vs refined groundnut oil properties Caption: Figure 5.5 Groundnut oil
refining outcomes

5.5.3 Soybean oil quality indices

Refined soybean oil has a high iodine value, reflecting its unsaturated fatty acid content. While
nutritionally beneficial, this makes it prone to oxidation. Refining reduces impurities and improves
stability, but careful storage is still required.

Fillin the blank: Soybean oil has a high value due to its unsaturated fatty acids.
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QUALITY INDICES OF REFINED SOYBEAN OIL: AN OER EDUCATIONAL RESOURCE

QUALITY PARAMETER DESCRIPTION TYPI\(IZ‘I\\LLU!EE[:W) oL hll\lnEEATSHl.:)RDE/hlljlﬁvg
L TS| Mt et oy | Tivaton(mgkong
1 .,3\.. F:\;‘;Xide Value Ipr:'gl(;:l?(t:(ta: (tfr;zsﬁm]?:g oxidation Max 1.0 meq Oy/kg lodometric Titration
)= lodine Value V) | Jieasuresthe ceatee of 120-143 91,/100g Wijs Method
H)OLH s-a/lx:;sggi]r{?)Value mgzi::rtis(:f:tglr}?ya)w psoh (indical\tﬂeleg\}\(l) levels) oRscirophetometry
63 \hlﬁt;)liastti?er?\nsz‘ltter %?:ts“uer (iensqgljrti%regontent A dttar Max 0.05% Hot Air Oven/Distillation |
? :"ms;‘:l:glgs n%?;uerﬁts, g?lﬁgegallrticles, Max 0.05% Filtration & Gravimetry
jﬁﬁ‘ﬁi 8.(:)'3;bond) ?f,?;;‘;’,ﬁsfeﬁi%(,g}}e”“ty (gﬂnag.;'guiz?!) Lovibond Tintometer
| &‘ Smoke Point 7Terﬁperature at which oil startsto | >72307°C (4;6°|;) : AOCS Cc 9a- 4g =

degrade

EDUCATIONAL OER RESOURCE | Learn more at www.oer-soyoil.edu | Licensed under CC-BY-SA

Table 5.2 Quality indices of refined soybean oil

Quality index Value range Implication

FFA <0.1% Stable oil

PV <10 meqg/kg Low oxidation

v 120-140 High unsaturation

SV 190-195 Suitable for soap-making

5.5.4 Coconut and sunflower oil refining outcomes

o Coconut oil: Refining produces a clear, odourless oil with a high saponification value,

making it ideal for soap and cosmetic industries.

e Sunflower oil: Refining reduces peroxide value and stabilises the oil, but its high iodine

value means it remains prone to oxidation.

Fill in the blank: Refined coconut oil is widely used in the

and cosmetic industries.
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| REFINING OUTCOMES: COCONUT & SUNFLOWER OILS |,
&€ cocoNuT OIL ) ® SUNFLOWEROIL &  /\
—— CRUDE OIL PROPERTIES <= CRUDE OIL PROPERTIES &
W -| Cloudy appearance, distinct strong coconut aroma, higher |~ Dark yellow/amber color, nutty aroma, contains
== Free Fatty Acids (FFA), contains moisture, impurities, and gums. | == contains phospholipids (qums), waxes, and pigments. :
<7 REFINING OBJECTIVES 4 REFINING OBJECTIVES O
¢ Removal of impurities, neutralization of acidity, bleaching Degumming, neutralization, bleaching, deodorization,
for color, deodorization for bland flavor (for RBD oil). 3}'_9 and winterization (wax removal).
| KEY OUTCOMES (RBD OIL) .~ KEY OUTCOMES (REFINED OIL)
 APPEARANCE: Clear, pale yellow liquid or white solid » APPEARANCE: Clear, light golden-yellow oil.
(depending on temp). + AROMA/FLAVOR: Bland, neutral, light taste.

» AROMA/FLAVOR: Bland, neutral, odorless (RBD). « ACIDITY: Very low FFA (< 0.1%).
* ACIDITY: Very low FFA (< 0.1%).

STABILITY: | J ovldative:stabilitydiet lof » STABILITY: High oxidative stability (especially high-oleic type).
Dooxidants, T Cxcave stadllly duetoremovalol | , spoKE POINT: High smoke point (approx. 232°C / 450°F)

« SMOKE POINT: High smoke point (approx. 232°C / 450°F).  WINTERIZATION: Stays clear in the refrigerator (waxes removed).

for both types, while retaining the specific fatty acid profile.
EDUCATIONAL OER RESOURCE | Learn more at www.oeroils.edu | CC-BY-SA J

\ KEY OUTCOME: Refining creates a safe, stable, neutral-flavored oil suitable for high-heat cooking and extended shelf life | )

Box 5.5 Refining outcomes of coconut and sunflower oils

e Coconutoil: clear, odourless, high saponification value = soap and cosmetics

o Sunflower oil: reduced peroxide value; high'iodine value > prone to oxidation
Pilot questions 5.5

1. What are the two fractions obtained from palm oil after fractionation?

2. Why does refined groundnut oil have a longer shelf life than crude oil?

3. Which quality index of soybean oil reflects its high unsaturation?

4. Why is refined coconut oil suitable for the cosmetic industry?

5. What makes refined sunflower oil prone to oxidation despite refining?

Series Summary

This Series explored the processes and outcomes of oil refining and the quality indices used to
evaluate refined oils. We began with an introduction to oil refining, its definition, purpose, and
importance in the oils and fats industry. Next, we examined the stages of refining—degumming,
neutralisation, bleaching, deodorisation, winterisation, and fractionation. We then analysed the
key quality indices: free fatty acid (FFA) content, peroxide value (PV), iodine value (IV), and
saponification value (SV). Following this, we considered factors affecting oil quality, including
climatic influences, refining efficiency, and packaging practices. Finally, we studied case examples
of palm, groundnut, soybean, coconut, and sunflower oils, highlighting their refining outcomes and
quality indices.
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By completing this Series, you should now be able to define oil refining (SLO 5.1), describe its
stages (SLO 5.2), identify and explain quality indices (SLO 5.3), analyse factors affecting oil quality
(SLO 5.4), and evaluate case studies of refined oils (SLO 5.5).

Series Glossary
¢ Degumming: Removal of phospholipids and gums from crude oil.
¢ Neutralisation: Elimination of free fatty acids using alkali treatment.
o Bleaching: Removal of pigments and trace metals using adsorbents.
e Deodorisation: Steam distillation under vacuum to remove odours and flavours.
¢ Winterisation: Removal of waxes and high-melting triglycerides to prevent cloudiness.
o Fractionation: Separation of oils into solid and liquid fractions.
o Free fatty acid (FFA): Indicator of oil deterioration or poor refining.
e Peroxide value (PV): Measure of oxidation and rancidity in oils.
¢ lodine value (IV): Measure of unsaturation in.oils.
e Saponification value (SV): Measure of fatty acid chain length, important in soap-making.
Concept Check Questions [Series 5]
Objective questions
1. Which refining stage removes phospholipids and gums? (Linked to SLO 5.2)
2. What does a high peroxide value indicate? (Linked to SLO 5.3)
3. Which qualityindex measures the degree of unsaturation in oils? (Linked to SLO 5.3)

Short-answer questions

4. Explainthe purpose of deodorisation in oil refining. (Linked to SLO 5.2)
5. /Why do refined.oils last longer than crude oils? (Linked to SLO 5.4)
6. Name two fractions obtained from palm oil after fractionation. (Linked to SLO 5.5)

Long-answer questions

7. | Describe the stages of oil refining, highlighting the role of degumming, neutralisation,
bleaching, deodorisation, and fractionation. (Linked to SLO 5.2)

o Basic response: Learners should outline each stage and its purpose.

o Value-added response: Outstanding learners may also evaluate efficiency
differences and suggest improvements for Nigerian processors.

-
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8. Evaluate the quality indices of palm, groundnut, soybean, coconut, and sunflower oils.
(Linked to SLO 5.5)

o Basic response: Learners should explain the significance of FFA, PV, IV, and SV in
each oil.

o Value-added response: Outstanding learners may also assess how refining
outcomes affect economic value and export potential.

Answers to Pilot Questions [Series 5]
1. Free fatty acids, phospholipids, pigments, odours.
2. Shelf life.
3. International.
4. Phospholipids.

5. Neutralisation.

6. Colour.
7. Odours.
8. Waxes.

9. Palm stearin.

10. Frying.

11. lodine.

12. Unsaturation.

13. Molecular.

14. Chain length, soap-making, industrial suitability.
15..Oxidation.

16. Hydrolysis.

17. Odours.

18. Reactive.

19. Palm olein and palm stearin.
20. Unsaturation.

References and Attributions [Series 5]
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e Figure 5.1 Oilrefining process overview: Suggested Al prompt “Create a diagram showing
crude vegetable oil entering refining stages and emerging as purified oil”. Search string: “oil
refining process diagram OER”.

e Box 5.1 Purposes of oil refining: Suggested Al prompt “Generate a text box listing purposes
of oil refining”. Search string: “purposes of oil refining OER”.

o Plate 5.1 Refined vegetable oils in the market: Suggested Al prompt “Generate an image
showing bottles of refined vegetable oils ready for sale in Nigeria”. Search string: “refined
vegetable oils Nigeria market photo OER”.

e Figure 5.2 Degumming and neutralisation processes: Suggested Al prompt “Create a
diagram showing degumming (removal of gums) and neutralisation (removal of free fatty
acids) in oil refining”. Search string: “degumming neutralisation oil refining diagram OER”.

o Plate 5.2 Bleaching process in oil refining: Suggested Al prompt “Generate an image
showing bleaching earth being added to crude oil during refining”. Search string: “oil
bleaching process photo OER”.

e Box 5.2 Winterisation and fractionation outcomes: Suggested Al prompt “Generate a text
box listing outcomes of winterisation and fractionation inoil refining”. Search string:
“winterisation fractionation oil refining outcomes OER”.

e Figure 5.3 Free fatty acid content in oils: Suggested Al prompt “Create a diagram showing
how free fatty acid levels affect oil quality”. Search string: “free fatty acid content oil quality
diagram OER”.

e Plate 5.3 Peroxide value and rancidity in oils: Suggested Al prompt “Generate an image
showing rancid oil samples compared to fresh oil”. Search string: “peroxide value rancid oil
photo OER”.

e Table 5.1 lodine values of selected oils: Suggested Al prompt “Generate a table showing
iodinewvalues of palm;groundnut, soybean, and sunflower oils”. Search string: “iodine
value vegetable oils table OER”.

e | Box 5.3 Importance of saponification value: Suggested Al prompt “Generate a text box
listing importance of saponification value in oils”. Search string: “saponification value
importance oils OER”.

e Plate 5.4 Climatic and storage influences on oil quality: Suggested Al prompt “Generate an
image showing oil containers exposed to heat and humidity”. Search string: “climatic
storage influences vegetable oil quality photo OER”.

e Figure 5.4 Processing methods and refining efficiency: Suggested Al prompt “Create a
diagram comparing crude oil with impurities vs refined oil with improved quality”. Search
string: “processing methods refining efficiency oil diagram OER”.

-
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e Box 5.4 Packaging and handling practices for oil quality: Suggested Al prompt “Generate a
text box listing packaging and handling practices for oil quality”. Search string: “packaging
handling practices vegetable oil quality OER”.

¢ Plate 5.5 Refined palm oil and its fractions: Suggested Al prompt “Generate an image
showing refined palm oil with palm olein and palm stearin fractions”. Search string:
“refined palm oil olein stearin photo OER”.

e Figure 5.5 Groundnut oil refining outcomes: Suggested Al prompt “Create a diagram
comparing crude groundnut oil with refined groundnut oil properties”. Search string;:
“groundnut oil refining outcomes diagram OER”.

e Table 5.2 Quality indices of refined soybean oil: Suggested Al prompt “Generate a table
showing quality indices of refined soybean oil”. Search string: “refined soybean oil quality
indices table OER”.

o Box 5.5 Refining outcomes of coconut and sunflower oils: Suggested Al prompt “Generate a
text box listing refining outcomes of coconut and sunflower oils” /Search string: “coconut
sunflower oil refining outcomes OER”.
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