TECHNICAL
OVERVIEW

FIELD TRIAL
DATA AND STUDIES

Aquasta® naturally-sourced astaxanthin has been
proven as effective as synthetic astaxanthin
through various feed manufacturing processes,
production timelines and storage temperatures
in commercial field trials involving fresh, frozen
or smoked Atlantic salmon, Coho salmon and

Rainbow trout.

FIELD STUDIES

This field study was conducted in Chile with the

first group of fish pigmented with naturally-sourced
Aquasta® and the control with a synthetic pigment.
Approximately 85,500 fish were divided into 3 cages
for this study. Each field trial used standardized
groups of fish from the same species, stock and
initial weight, both for Aquasta® and the control
cages. Each study included no less than 2 cages

per study, located at the same site, which ensured
identical water conditions, currents and/or wind.
Each group of fish in the same site was fed with
the same diet composition, and same level of pure

astaxanthin, differing only in the pigment source.
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SAMPLING

Each cage was sampled, mainly on a monthly basis,
until the fish group reached its harvest weight. All
samples were sent to a lab for astaxanthin analysis
to determine the color expression and overall
pigment content in the fish flesh. Production
information was collected for each sample, along
with the weight and length of the whole fish. A
color box was used to calculate a color score for

each filet sample using a standardized light source.

FREEZING STUDY

To determine the possible losses of color in fish
flesh during freezing, a three-month freezing study
was conducted as soon as the fish were harvested.
Identical filets were obtained from each fish,
considering no less than 50 fish per treatment for
the freezing study. Samplings were taken every

30 days and the filets were compared with their
“copies” from each sampling.
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ATLANTIC SALMON

Atlantic salmon is the main species farmed in
Chile, and is mainly exported to the United States
as fresh salmon. Although Japan has increased its
consumption of Atlantic Salmon, the target color
is higher, which has caused an increase in pigment

consumption in the Chilean market.

A normal production cycle for Atlantic salmon lasts
between 10 to 16 months in seawater to reach an
average mean weight of 3.5 to 4.5 kilos. Pigmentation
levels in Chile range from 60 ppm to 80 ppm
astaxanthin for the whole production cycle, although
it is necessary to conduct a follow-up program to
determine the effectiveness of a given pigmentation
strategy on color expression and astaxanthin content
in the flesh. Diet composition is very similar, in terms
of the protein/fat ratio among the feed suppliers, with
high-energy diets being used more often.

Good retention and pigment level in the fish were
obtained for both naturally-sourced Aquasta® and
synthetic astaxanthin pigment sources in the feed.
No significant difference was detected for pigment
content and Color Card for both groups, with the
common data trend indicating equal performance.

Freezing studies were also performed to
demonstrate the stability of astaxanthin in the
muscle. After the field trials concluded, samples
were frozen and stored under normal freezing
conditions, showing variation in pigment content
and color after as many as 60 days.

* Full trial data available upon request

Fig. 1: Astaxanthin in flesh and mean weight
relationship in Atlantic salmon samples
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Fig. 2: Visual color and mean weight relationship in
Atlantic salmon samples
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Fig. 3: Color percentage and astaxanthin level
losses in Atlantic salmon samples
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RAINBOW TROUT

Rainbow trout is the main salmon species
exported to Japan from the Chilean market and
the color score is the main quality parameter.
Because of the great distance, all the fish must
be frozen, therefore, the stability of astaxanthin

during the freezing stage is a critical point.

A normal production cycle in the sea for Rainbow
trout lasts from 6 to 11 months in Chile. In

most farms, pigmentation strategies with high
astaxanthin levels are required, which is necessary
to meet the color requirements of the Japanese
market. Pigment levels range between 70 ppm to
90 ppm astaxanthin for the whole production cycle.

Results showed no significant difference between
naturally-sourced Aquasta® and synthetic
astaxanthin, both for pigment content in the
muscle and color at the harvest weight, with the
data from each fish sampling following the same

trend for astaxanthin content and color score.

Freezing studies were also performed on a group
of fish pigmented with astaxanthin to demonstrate
the stability of naturally-sourced Aquasta®

and synthetic astaxanthin. The results clearly
demonstrate that there was no significant loss in

filet color and/or pigment content in the flesh for

Rainbow trout stored for 135 days at minus 18 °C.

Visual Color (Color Card)

Astaxanthin

Fig. 4: Astaxanthin in flesh and mean weight
relationship in Rainbow trout samples
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Fig. 5: Visual color and mean weight relationship in
Rainbow trout samples
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Fig. 6: Color percentage and astaxanthin level
losses in Rainbow trout samples

120%

110% A B
100% - B
90% -

80% -

70% | =— Aquasta® e Synthetic me= Aquasta® === Synthetic
° Color Color Ax Ax

600, NN TN TN TN e |

Odays 30days 60days 90days 135 days

Freezing Time



NORTH AMERICA
9110 Red Branch Road
Columbia, MD 21045

PHONE: +1443 542 5077

U.S. TOLL-FREE:

+1 888 PHAFFIA (742 3342)
FAX:  +14107300540

SOUTH AMERICA™

San Francisco 640E
Puerto Varas, Chile

PHONE: +56 65 254233
FAX: +56 65 276510

EUROPE

ADM Specialty Ingredients
(Europe) B.V.
Stationsstraat 76

1541 LJ Koog aan de Zaan
The Netherlands

PHONE: +31 75 6464 256
FAX: +3175 6464 631

CHINA

ADM Hong Kong
Asia-Pacific Operations, Ltd.
Suites-908-10, Lincoln House
Taikoo Place, 979 King's Rd.
Quarry Bay, Hong Kong

PHONE: +852 2861 1828
FAX: +852 2865 4296

SINGAPORE

ADM Singapore Pte. Ltd.
ADM Spec. FeedIng Division
342 Jalan Boon Lay
Singapore 619527

PHONE: +65 6262 2553
FAX: +65 6262 2643

JAPAN

Aska Pharmaceutical Co., Ltd.
Animal Health Division
1-26-2, Nishishinjuku
Shinjuku-ku, Tokyo 163-0541

PHONE:
FAX: +81 3 5909 0470

+81359090450 ~ ™ .

AUSTRALIA

ADM AUSTRALIA PTY, LTD.
ABN 73 057 641 308

Suite 1003 Level 10

1 Newland Street

Bondi Junction, NSW 2022
PHONE:™ +61 29387 2255
FAX: +612 9369 1170

Fig. 7: Astaxanthin in flesh and mean weight
relationship in Coho salmon samples

COHO SALMON

All Coho salmon produced in Chile is exported
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The first graph shows all data for the astaxanthin
level in the fish muscle at different fish sizes. The
second graph shows a comparison of naturally-
sourced Aquasta® and synthetic astaxanthin at

different weights.

The information contained herein is correct as of the date of this document
to the best of our knowledge. None of the statements made here shall

be construed as a grant, either express or implied, of any license under

any patent held by Naturxan, its affiliates or other parties. Customers are
responsible for obtaining any license or other rights that may be necessary
to make, use, or sell products containing Aquasta®. Aquasta® is a registered
trademark of Naturxan, LLC.
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