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Mullet roes

A wide spectrum of fish roe products is
consumed throughout the world (raw or as

salted, smoked, or boiled products)

Mullet (Mugil cephalus) roe is regarded as a
delicacy

The salted and dried mullet ovary product is
produced in several countries in the world (known

with the name of ‘‘bottarga” in Italy, ‘‘karasumi” in Japan, and
“avgotaracho” in Greece)

Among the Mediterranean countries, Sardinia (Italy)
has a long tradition in making a high quality
bottarga
Popular in the international market



Salted and dried mullet ovary product (bottarga)

Bottarga is a Traditional Sardinian Food 
(art.8 Decreto Legislativo n. 173/98, art. 2 Decreto Ministeriale n. 350/99)

“Mediterranean caviar” 
“Gold of Sardinia”

Final product of several treatments on
ovaries of mullets

Bottarga has an amber colour and its unique chewy texture is due to its
peculiar lipid composition (wax esters)

To obtain a good bottarga is an art that requires a
great deal of skill. Traditional and industrial
procedures



Salted and dried mullet ovary product (bottarga)

In the Mediterranean countries, mullet bottarga is commonly eaten grated with
spaghetti, mozzarella, and vegetables or cut into thin slices with extra virgin olive oil



Preparation of the salted and dried mullet ovary 
product (bottarga)

Whole mature ovaries are removed from
the fish (eviscerated roes)

Mullets are caught
at the end of summer
and the beginning of
autumn (September-

October)

Eviscerated roes are washed with water (to

remove blood/blood vessels)

Ovaries are salted
with natural sea salt



Preparation of mullet bottarga

Bottarga production with local fish is not sufficient to meet the demand    

The final product can
be sold as whole
ovaries under vacuum
packaging, or grated
in jars

The raw material is acquired from
distributors located in several
areas of the globe and is
processed (salted and dried) by
Sardinian companies (according to
tradition)

Roes are pressed and
dried in rooms with
controlled humidity and
temperature



Chemical composition of mullet raw roe

 Proteins 23% (fresh weight)

 Lipids 14-20%

 Moisture 50-61%

 Ash 2%

Total lipids 150 - 200 mg/g of
fresh weight
Cholesterol 4.8 mg/g of fresh
weight (represented ca. 3-4%
of total lipids)

Oleyl oleate



Chemical composition of mullet raw roes

Mullet roe lipids represent an important natural health source of long chain
omega-3 (or n-3) polyunsaturated fatty acids (n-3 PUFA), in particular
eicosapentaenoic acid (EPA, 20:5 n-3) and docosahexaenoic acid (DHA, 22:6 n-3),
5–10 mg/g and 10–15 mg/g of fresh weight, respectively (17–21% of total fatty
acids)



Chemical composition of mullet raw roes

Long chain omega-3 (or n-3) polyunsaturated fatty
acids (n-3 PUFA), eicosapentaenoic acid (EPA,
20:5 n-3) and docosahexaenoic acid (DHA, 22:6
n-3), have an important role in human health:

• cardiovascular disease prevention
• tumor growth and metastasis decrease
• anti-inflammatory activity
• prevention of age-related cognitive decline

U. Gogus and C. Smith, Int. J. Food Sci. Technol., 2010, 45, 417–
436
G. Calviello et al., Biomed. Res. Int., 2013, 2013, 743171

Dietary intake of these functional constituents 

a key aspect of human nutrition

Humans have a very limited ability
to synthesize these fatty acids
from the essential precursor a-
linolenic acid (18:3 n-3)



Chemical composition of mullet bottarga
 Proteins 35-57%

(fresh weight)

 Lipids 25-30%

 Moisture 17-31%

 NaCl 5-8%

 Ash 5-9%

▪ Wax 51-66%

▪ Phosphatidylcholine 6-7%

▪ Triacylglycerols      7-10%

▪ Free fatty acids 16-29%

▪ Free fatty alcohols  2%

▪ Free cholesterol 2-4%

▪ Cholesteryl esters 1.2%

Grated bottarga
▪ Wax 60-65%

▪ Phosphatidylcholine 7-10%

▪ Triacylglycerols 4-8%

▪ Free fatty acids 13-19%

▪ Free fatty alcohols  4-6%

▪ Free cholesterol 2-3%

▪ Cholesteryl esters 0.3%

Whole bottarga

The lipid class composition of whole or grated bottarga reflects that of raw roes

Lipids 230-325 mg/g
Cholesterol 7-9 mg/g of
edible portion (3% of total
lipids)

Lipids 264-344 mg/g
Cholesterol 9-11 mg/g of edible
portion (2–4% of total lipids)

Bottarga samples show higher
values of lipid components
per edible portion with
respect to fresh roes, due to
the lower moisture level

Higher content of
FFA due to hydrolysis
processes induced by
manufacturing
procedures



Chemical composition of mullet bottarga

Bottarga is also a source of
antioxidant compounds
(carotenoids, a-tocopherol,
vitamin A and squalene)

Mullet bottarga represents an important
natural source of long chain n-3 PUFA, EPA
(20:5 n-3) - 10–20 mg/g, and DHA (22:6 n-3)
- 18–30 mg/g of each edible portion

elevated (n-3)/(n-6) ratio,
with important health
benefits



Oxidative stability

Bottarga samples during
storage (under domestic or local
market/supermarket conditions)

are subject to non-
enzymatic browning, a
process with controversial
effects on food and human
health

n-3 PUFA are subject to
rapid and/or extensive
oxidation (processing/storage):

▪ potential alteration in
nutritional composition
and quality of food

▪ generation of toxic
compounds

Raw roe

Salted and 
dried roe

- Effect of manufacturing
procedures (salting and
drying) on mullet roe
lipids
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Bottarga

-20 °C
2-3 °C

Room temperature/absence of light
Room temperature/light

- Colour/oxidation of a grated
bottarga sample immediately after
preparation and during 7 months of
storage in different conditions



Oxidative stability of mullet roes/bottarga

Raw and cured roes
exhibited the same level
of lipid compounds
(cholesterol, fatty
alcohols and fatty acids)

Raw roe

Salted and 
dried roe

The procedure to obtain bottarga did not affect the
level of n-3 fatty acids. Bottarga samples showed
similar oxidation than raw materials

Major biochemical change observed: increase of free
fatty acids in bottarga samples, originated from lipid
hydrolysis (salting procedure)

Mullet roe n-3 PUFA show a high oxidative
stability during processing
A significant amount of n-3 PUFA in mullet roe are
WE components. WE enriched in n-3 fatty acids have
a low degree of susceptibility to oxidation



Oxidative stability of mullet roes/bottarga

7 months of storage - Bottarga samples
placed at room temperature in the absence
and in the presence of light showed a marked
browning process over time

0 71 32 5

Time (months)
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-20 °C
2-3 °C

Room temperature/absence of light
Room temperature/light

-20 °C

Room t /light

Different storage conditions did not significantly affect n-3 fatty acids and cholesterol
levels (vs Ctrl). Significant hydroperoxide increase in all the storage conditions

Mullet bottarga is a stable natural source of n-3 PUFA – the correct preparation and proper
storage (at low temperatures) is essential to preserve bottarga from browning/oxidation



Nutraceutical properties of mullet bottarga

The beneficial health effect of n-3 PUFA in humans is strictly correlated to
their ability to modify the cell membrane structure, tissue profile and to
affect cellular functions

Plasma

Liver

Brain

Kidney

Adipose tissue

Intestinal epithelial cells
Cancer cell lines



Activity in normal cells

Lipid/hydrophilic extracts
were obtained from bottarga
samples with a different
browning/oxidation
(7 months at -20 °C and room t
under light exposure)

Uptake and effect of bottarga
extracts in intestinal cells
(monolayers of differentiated
Caco-2 cells)

Differentiated Caco-2 cells are a model
of enterocytes, extensively used in
studies of intestinal absorption and
toxicity

Evaluation of cell viability and
lipid composition and
peroxidation in intestinal cell
monolayers after 6-48 h of
incubation with bottarga extracts



Activity in normal cells

No tested bottarga extracts showed a
toxic effect on intestinal cells
(differentiated Caco-2 cells)

Lipid 
extracts

Water
extracts

Epithelial cells incubated
with bottarga oil showed
significant changes in fatty
acid composition but not in
cholesterol levels, with an
accumulation of EPA, DHA,
and 22:5 n-3 Cell 

hydroperoxides 
were higher in 
treated cells, in 
relation to the 
oxidation of 
bottarga oil

• bioavailability of bottarga
n-3 PUFA in intestinal
cells

• the correct preparation/
proper storage is
necessary to reduce
oxidation products and
preserve the nutritional
properties



Activity in cancer cells

Lipid/hydrophilic extracts
(7 months of storage at -20 °C 

and room t under light exposure)
Colon cancer cells
(undifferentiated
Caco-2 cells)

Bottarga lipids have nutraceutical
properties and potential benefits in
colon cancer prevention and
treatment

Water
extracts

Lipid 
extracts

Bottarga lipid extracts showed (24 h) a significant
toxic effect in cancer cells. Bottarga oil induced
marked changes in fatty acid composition
(significant accumulation of EPA and DHA)

Accumulation of bottarga lipids, rich
in anticancer n-3 PUFA, in
cytoplasmic lipid droplets



Activity in cancer cells

The treatment of murine melanoma cells
(B16F10 cells) and human cervical
carcinoma cells (HeLa cells), for 24 h with
bottarga oil reduced the viability and
affected the fatty acid profile, with a
significant n-3 PUFA increase in treated cells

HeLa 

B16F10 

accumulation 
of cytoplasmic 
lipid droplets in 

cancer cells

Influencing the
synthesis of
intracellular
membranes

Supercritical extraction with CO2

Bottarga 
oil uptake

The bottarga oil is absorbed by cancer cells
and influences the cell growth and lipid
profile, confirming the potential role of this
Mediterranean food in cancer prevention



Animal model

Standard diet

0

days

Bottarga 10%

5 116 87 9 10

Effect of a diet enriched with mullet
bottarga (10%) on the lipid profile of
plasma, liver, kidney, brain, and adipose
tissue of healthy rats

▪ short term in vivo bioavailability of n-3
PUFA when given in the form of wax
esters

▪ extent of DHA and EPA absorption into
tissues



Animal model

No marked differences in the
total lipid amount in tissues of
the two groups

Bottarga diet did not result in an increase
of total cholesterol levels in all tissues of
the experimental rat group

Rats fed a 10% bottarga
enriched-diet (5 days) showed
body weights similar to those
of animals fed a control diet



Animal model

Bottarga supplementation induced a marked
increase of n-3 PUFA, particularly EPA, in all rat
tissues, together with a 20:4 n-6 decrease in
plasma, liver, and kidney

Diet enrichment with grated
mullet bottarga induced
marked changes into the lipid
profile of rat tissues and their
enrichment with n-3 PUFA

Mullet bottarga may be considered as a
natural bioavailable source of n-3 PUFA
and qualifies as a traditional food
product with functional properties



Conclusion Low storage temperatures
are optimal for preserving
bottarga samples from lipid
oxidation and browning

A correct preparation and
proper storage is necessary
to preserve the nutritional
properties of this food
delicacy

Mullet bottarga qualifies as
a traditional food product
with nutritional and
nutraceutical properties
and potential health
benefits

Mullet bottarga has important
nutritional properties as a
source of:

• Essential amino acids

• Antioxidants

• n-3 Fatty acids with
beneficial health effects


