
 CITRUS FRUIT are the first fruit-tree in the world, and one of the
most commercialized horticultural crops worldwide, being highly
appreciated and demanded for both fresh and juice consumption.

 ORANGE FRUIT (Citrus sinensis) are an important source of bioactive
compounds and phytonutrients such as vitamins A, C, E and folic
acid, minerals, flavonoids, phenolic compounds, limonoids,
carotenoids, pectins and fiber, among others. Source1,2,3

 The intake of these BIOACTIVE COMPOUNDS through fresh
or juice consumption has been related to important
HEALTH-related BENEFITS, including: Source1,2,3,4,5,6

 Antioxidants
 Anti-inflammatory
 Reduction of the risk of 

certain cancers and 
cardiovascular diseases

 Hepatoprotectors
 Obesity control
 Immune system enhancement

“The moderate consumption
provides potential health
benefits”

“Studies in humans show enhancement
of cardiovascular markers, insulin
sensibility and body-fat reduction”

“Oxidative stress plays an
important role in the
development of human
diseases”

Source4,5 Source5,6,7,8 Source3,9,10
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 The citrus industry and consumers demand new varieties with new

distinguish features and high added value related to human

nutrition and health.

 Citrus Rosso is introducing new red-orange varieties into the market.

• What are the main characteristics of these varieties?

• Why the pulp is red?

• What properties these varieties provide compared to the
traditional oranges?

Accumulation of LYCOPENE in the pulp

 Lycopene is the CAROTENOID that provides the reddish and pink color to several

fruits, such as tomato and watermelon.

 The accumulation of lycopene in citrus fruit is an unusual feature restricted to only

few cultivars of grapefruit, pummelo and sweet orange.
Source11,12
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Carotenoids are the pigments responsible for the color of the peel and pulp of citrus fruit. The

variability of carotenoids content and composition provides the particular color of the different orange

and mandarin varieties.

Additionally, carotenoids have two key properties related to human health: 

• ANTIOXIDANTS
• VITAMIN A PRECURSORS

What are CAROTENOIDS?

The carotenoid content in the pulp

of the red oranges is much higher

than that of the traditional

oranges, and moreover:

• Contains lycopene, which is

completely absent in ordinary

oranges

• Very high amounts of other

carotenes, phytoene and

phytofluene

Red orange varietyTraditional variety

Source11,12 Carotenoids content (μg/g FW)

Source12,13

Source14,15,16,17
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Higher antioxidant capacity than
ordinary oranges against “singlet

oxygen” radical

In vitro assays

What features does LYCOPENE have?        

 Due to its chemical structure, lycopene has a high antioxidant capacity.

 Numerous epidemiological studies, in vivo and in vitro, suggest that the regular intake

of lycopene has beneficial effects for health, as the reduction of the risk of

degenerative diseases.
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Reduction of:
• Oxidative stress
• Risk of cardiovascular diseases
• Hypertension
• Risk of lung, prostate and stomach cancer
• Cholesterol LDL
• Lipidic oxidation and atherosclerosis

POTENTIAL BIOLOGICAL EFFECTS

Source7,18,19,20,21,22,23,24

Source7,18,19,22,23,24
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in vivo

The C. elegans worm as a model system for the study of neurodegenerative diseases1

 Worms accumulating β-amyloid peptides in muscle cells have been generated.

 Neuromuscular defects (paralysis) and disturbances in certain human-like
metabolic functions.

de Oliveira et al., 2019

Caenorhabditis elegans

1-10% juice

 = Lifespan

 + Resistance to oxidative stress

 - Paralysis Alzheimer’s model

Silveira et al., 2015

8 weeks:
750 mL of orange juice/day

+ normal diet

• Reduction of total cholesterol
• Reduction of LDL-C
• Enhancement of antioxidant capacity 
• Reduction of C-reactive protein (anti-

inflammatory processes)  

Adults 
(Normal weight and overweight) 

2 Epidemiological studies have demonstrated that the intake of red-fleshed orange provide
relevant beneficial effects for health
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 Phytoene and phytofluene are two colourless carotenes which accumulated in very high

concentrations in the pulp of the red oranges compared to the traditional oranges.

• Protection against oxidative stress
• Enhancement of anti-inflammatory response
• Reduction of cholesterol in plasma
• Positive effects related to breast and prostate cancer
• Protection against ultraviolet radiation (UV)

Source25,26,27,28,29

Source on unusual carotenes 

Carotenoids
(μg/g Fresh Weight)

Peel Pulp

Phytoene 76 - 100 65 - 150

Phytofluene 0 - 3 15 - 21

Content of phytoene and phytofluene in mature red oranges

 Recent studies indicate that these carotenes may have relevant beneficial properties

for health and as nutricosmetic:
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FLAVONOIDS

 Flavonoids are a family of natural compounds which occurred in relatively high concentrations in

citrus fruits. They are widely recognized by their healthy properties, including:

• Antioxidants
• Anti-inflammatory
• Cardiovascular
• Anticancer
Source1,2,3,4,5,31,32,34

 No differences in the content of the main flavonoids between mature fruits of the red-fleshed and

ordinary orange varieties.

The flavonoids content is similar to that of 

ordinary varieties and therefore, the

healthy benefits remain intact in the

red-fleshed orange varieties

Flavonoids
(mg/100g)

Ordinary
variety

Red-fleshed
variety

Rutin 2.63±0.17 2.69±0.60

Eriocitrin 0.98±0.09 1.08±0.13

Narirutin 7.58±1.05 9.08±1.90

Naringin 0.28±0.0.03 0.30±0.07

Hesperidin 34.62±6.78 45.19±3.55

Dydimin 0.85±0.13 1.17±0.26
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 In the red-fleshed oranges no significant differences in other quality parameters, such as ºBrix, acidity

or vitamin C were observed. Therefore, their characteristics are similar than those of traditional oranges.

Internal quality and other features

Internal quality Traditional variety Red-fleshed variety

Soluble solids (ºBrix) 11.35 ± 0.21 11.25 ± 09

Acidity (mg citric acid/100 ml) 0.86 ± 0.05 0.87 ± 0.03

Maturity index 13.20 ± 0.03 12.93 ± 0.09

Vitamin C (mg/100 g FW) 46.14 ± 3.89 45.16 ± 1.41

 Studies performed by the research group of IATA-CSIC, have shown that total carotenoids content in
red-fleshed oranges is at least 5 times higher than that of traditional orange varieties.

Red-fleshed oranges provide an additional contribution in 
antioxidant carotenoids over traditional varieties and their 

consumption may have an added healthy value
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 CITRUS ROSSO in collaboration with the INSTITUTE of AGROCHEMISTRY and FOOD TECHNOLOGY

(IATA-CSIC) is working on the development of red-fleshed orange juices and investigating about their

industrial and nutraceutic aptitude.

 One of the main goals is to evaluate the content and composition of bioactive compounds and

antioxidant activity of the novel red-fleshed orange juices compared to that of ordinary orange

juices.

Orange 
fruits

Handmade
juice

1

Industrial 
juice

2

Pasteurized
juice

3

Parameter Juice Navel Cara Cara Kirkwood
Soluble solids
(ºBrix)

Handmade 11.45 ± 0.07 9.97 ± 0.06 11.17± 0.06
Industrial 11.33 ± 0.06 10.87 ± 0.12 11.56 ± 0.06
Pasteurized 10.67 ± 0.06 10.67 ± 0.06 10.7 ± 0.20

Acidity
(mg CA/100 ml)

Handmade 0.82 ± 0.05 0.70 ± 0.06 0.91 ± 0.06
Industrial 0.86 ± 0.14 0.79 ± 0.10 0.86 ± 0.06
Pasteurized 0.82 ± 0.08 0.89 ± 0.15 0.75 ± 0.02

Maturity index Handmade 14.08 ± 0.94 14.36 ± 1.04 12.35 ± 0.87
Industrial 13.39 ± 2.01 13.95 ± 1.65 13.46 ± 1.14
Pasteurized 13.02 ± 1.10 11.98 ± 1.62 14.21 ± 0.45

Quality parameters of the red-fleshed orange juices

No significant differences in maturity

index among the juices of the different

orange varieties

Waste

Type of orange juice analyzed

1. Handmade: Fresh juice extracted by Citromatic handmade
squeezer

2. Industrial: Fresh juice extracted by industrial extractor

3. Pasteurized: Orange juice pasteurized at 85ºC
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Carotenoids

Xanthophylls: family of carotenoids that provide yellow and orange coloration to 
citrus fruits.

 The red-fleshed orange juices contain between 4 and 6 times higher total carotenoid content.

 Apart from lycopene, the red-fleshed orane juices contain colorless carotenes, such as phytoene

and phytofluene, accounting around 60% of the total carotenoids detected. Interestingly, these

carotenoids are in very low concentrations in ordinary oranges.

 The red-fleshed orange juices contain higher levels of β-carotene, precursor of retinol and

provide a higher source of vitamin A.

Pro-vitamin A activity
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In the red-fleshed orange juices:

 The concentration of vitamin C is slightly lower than

that of the ordinary varieties.

 The tocopherols content (Vitamin E) is similar or

slightly higher than that of the ordinary varieties.

In the red-fleshed orange juices:

 Higher lipophilic antioxidant capacity due to their

large carotenoids amounts.

 Minor levels of limonin than Navel Foios at similar

maturation index.

The results indicate that the new red-fleshed orange juices provide a higher carotenoid content, 

a higher antioxidant capacity and also, they contain reduced levels of limonin. On the whole, 

these kind of orange juices show  great potential for both nutritional and industrial level.

Navel Foios

Cara Cara

Kirkwood

Vitamin C

Tocopherols

Industrial PasteurizedHandmade

Lipophilic antioxidant capacity

Limonin

Handmade Industrial Pasteurized
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 The fruit waste generated during the juice extraction is one of the biggest downsides of the citrus

juice industry.

 CITRUS ROSSO works on the revaluation of citrus juice by-products.

 The red-fleshed oranges juice by-products represents a enriched source of carotenoids with high

potential to be reused in the food and feed industries.

Ordinary variety by-products Red-fleshed variety by-products

Phytoene

Phytofluene

Lycopene

Xanthophylls

β-carotene

Other carotenoids

CAROTENOIDS

Ordinary variety Red-fleshed variety
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