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The chemistry behind
your morning orange

Andrew Parsons examines the chemical composition of oranges

A popular fruit

Oranges are vibrant, living laboratories, brimming with a rich
| diversity of natural organic compounds. From sweet (like navel)
. to sour (including Seville), each type of orange offers its

own unique chemical profile and culinary appeal. With global

| production at around 75 million tonnes annually, sweet oranges
| reign as the world’s most cultivated citrus fruit, prized not just
- | for their flavour, but also for their complex chemical cocktail.

; Oranges are far more than a refreshing snack - they are a
convenient source of vitamin C (Figure 1). One medium sweet
orange can provide over 70mg of vitamin C — almost the entire
recommended daily intake for an adult. Unlike many animals,
humans cannot synthesise this vitamin, so oranges and other
citrus fruits have become essential dietary sources. Citric acid
(Figure 2) is the major organic acid in sour oranges. It is a
central player in the citric acid cycle (Krebs cycle), a crucial
energy-generating process that takes place in nearly every
living cell.
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Figure 1 Vitamin C
(ascorbic acid)

Figure 2 Citric acid
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Orange peel contains

flavonoids, which are thought
to contribute to its bitterness
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Chemical composition

The juicy pulp of a sweet orange - the endocarp - is composed
primarily of water (around 87%) and natural sugars (about
12%). It also contains trace amounts of protein and bioactive
compounds like beta-carotene, which support both plant health
and human nutrition. In contrast to their sour counterparts,
sweet oranges contain less citric acid, giving them their
signature mild, sweet flavour. But the real chemical treasure
lies in the peel.

The outer rind of an orange is a rich source of essential oils,
dominated by (+)-limonene (Figure 3). Around 60-95% of orange
oil is (+)-limonene. The other enantiomer,
(-)-limonene, is rarely found in citrus
fruits and it is a myth that it is the main
component in lemon peel. Orange rind also
contains a variety of flavonoids, carotenoids,
steroids, terpenoids, alkanes and ethyl
esters. These compounds not only contribute
to the orange’s vibrant aroma and colour,
but also have potential health and industrial
applications. Orange oil, extracted from the
peel - often through steam distillation - is
widely used in perfumery, cleaning products
and even as a green pesticide.

Figure 3
(+)-limonene
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Peel chemistry

The juicy pulp and bitter white pith of oranges contain
flavonoids. These naturally occurring polyphenols include
hesperidin, a citrus-specific flavonoid with antioxidant, anti-

key player is naringenin (Figure 4), which has been studied
for its potential to regulate blood sugar levels and support
cardiovascular health.

Flavonoids are also believed to contribute to the subtle
bitterness in orange peel and pith - a flavour many people
try to avoid. Researchers are increasingly interested in these

offer health benefits beyond their nutritional value.
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Figure 4 Naringenin can be found bound to sugars, and is
the aglycone (the basic sugar-free part). When it is attached to
sugars, it is called a glycoside

Orange flavour

unsung heroes behind that burst of sweetness and zest.

strong scent.
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Orange juice adulteration

Orange juice is the world’s favourite fruit juice, but its

Some producers dilute orange

juice with cheaper sugars
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popularity has led to some questionable practices driven by
profit. To cut costs, some producers have resorted to illegally
diluting orange juice with water and sweetening it with cheaper
sugars, such as corn syrup. How can this fraud be uncovered?
Corn syrup can be detected through analysis of the carbon
isotopes in the sugars, revealing subtle shifts in the Be.c
ratio. When corn syrup is added, the ratio changes just enough
to be noticeable. To pinpoint this, scientists can use mass
spectrometry, a technique that reveals the distinct peaks of
sugars like glucose (C4H,,04). Different peaks correspond to
differing amounts of *3C and "2C atoms in glucose. The relative
intensity of these peaks can tell us the precise ratio of the
isotopes, revealing whether the juice has been tampered with.

Recent research has uncovered a fascinating array of 26 organic compounds that are essential to the distinctive flavour of oranges.
Among these, seven key esters, like ethyl 2-methylbutanoate (CH;CH,CH(CH;)CO,CH,CH;), specifically the (-)-enantiomer, and ethyl
butanoate (CH;CH,CH,CO0,CH,CH,), play a pivotal role in shaping the signature citrus taste we all recognise. These esters are the

While (-)-ethyl 2-methylbutanoate is found naturally in citrus fruits, the racemic ester is often produced synthetically by reacting
racemic 2-methylbutanoic acid with ethanol (Figure 5). It is used for flavouring products and fragrances due to its desirable,

Figure 5 Synthetic
o production of ethyl
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07 N

Esterification
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