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Targeted carotenoid deposition through speci�c algal
species or carotenoid compounds can e�ectively improve
shrimp growth, pigmentation
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Carotenoids are orange, yellow and red organic pigments produced by plants and algae, as well as
several bacteria, fungi and other organisms. Carotenoids give the characteristic color to pumpkins,
carrots, corn, tomatoes, �amingos, canaries, salmon, lobster, shrimp and other species, and play vital
roles in aquatic animals, including antioxidant, immunoregulatory and pigmentation functions.

Aquatic animals lack the ability to synthesize carotenoids de novo and must obtain them from their
diet, subsequently converting dietary carotenes and xanthophylls into tissue-speci�c carotenoids.
Dietary carotenoid supplementation not only enhances the nutritional pro�le of aquatic species but
also improves their market appeal through vibrant coloration. Micro- and macroalgae are vital sources
of carotenoids, and over the years, algae and carotenoids such as lutein, zeaxanthin and astaxanthin
have gained signi�cant attention in aquaculture as dietary supplements
(https://doi.org/10.1111/raq.12200).

With the rapid development of shrimp farming, rising feed costs and reduced pro�t margin have
become one of the major challenges for the industry, driving research into e�cient feed formulations,
particularly the development and application of feed additives that enhance
(https://doi.org/10.1111/anu.12050) shrimp growth performance and quality. Despite the increasing
application of algae in shrimp aquaculture, there has been limited research on the relationship between
various algae species and carotenoid types as feed additives and their effects on carotenoid
deposition (https://doi.org/10.1016/j.aqrep.2022.101054) in Paci�c white shrimp (Penaeus vannamei).

Study evaluated the effect on growth and carotenoid deposition in

Paci�c white shrimp through dietary supplementation. Results show

that all �ve dietary supplements tested enhanced the growth

performance of shrimp, and that targeted carotenoid deposition

through speci�c algal species or carotenoid compounds can

effectively improve shrimp pigmentation. Results also provide support

for the development of functional feeds to improve shrimp commercial

quality. Photo by Darryl Jory.
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This article – summarized (https://doi.org/10.3390/ani15111550) from the original publication
(https://creativecommons.org/licenses/by/4.0/) (Liu, P. et al. 2025. Dietary Supplementation with Algae
Powders and Carotenoids Enhances Growth Performance and Tissue-Speci�c Carotenoid
Accumulation in Penaeus Vannamei. Animals 2025, 15(11), 1550;) – reports on a study to elucidate the
absorption and tissue-speci�c distribution of algal-derived carotenoids in P. vannamei through analyses
of carotenoids pro�les in both feeds and different tissues, followed by correlation assessments
between dietary intake and tissue deposition patterns.

(https://link.chtbl.com/aquapod)

Study setup
Juvenile P. vannamei, sourced from the Chia-Tai Ningbo Company (China), were acclimated for 14 days
in a continuously aerated culture system at the Ningbo University testing facilities. Subsequently, an
eight-week feeding trial was conducted using experimental feeds in an indoor �ow-through seawater
system. A total of 540 juveniles, averaging 2.60 ± 0.20 grams in weight, were randomly distributed into
eighteen 400-liter cylindrical �berglass tanks with 250 liters of seawater and at a stocking density of 30
shrimp per tank.

Five experimental diets were formulated with 3 percent brown algae (Saccharina japonica, SJ group;
Sargassum fusiforme, SF group), red algae (Neoporphyra haitanensis, NH group), or 0.1 percent
puri�ed carotenoids (zeaxanthin, ZT group; fucoxanthin, FX group). Each feed was randomly assigned
to three replicate tanks. The shrimp juveniles were fed with each feed three times daily at 6-8 percent of
their body weight.

At the end of the trial, three shrimp from each tank were randomly selected and dissected on ice to
collect tissues, including the second segment of muscle, exoskeleton, and hepatopancreas. Tissues
from the same body part in the same tank were pooled together and stored for further carotenoid and
fatty acid analysis. Each feed group was represented by three tanks, thus comprising triplicates for
each group.

For detailed information on the experimental design and diets, animal husbandry, and tissue sample
collection and analyses, refer to the original publication.

https://doi.org/10.3390/ani15111550
https://creativecommons.org/licenses/by/4.0/
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Results and discussion
Results showed that the three algae powder supplementations positively affected the growth
performance of P. vannamei shrimp. Speci�cally, the �nal weight, weight gain (WG) and weight gain
rate (WGR) of shrimp in the algal-supplemented groups (SJ group, SF group, and NH group) were
approximately 1.2 to 1.3 times, 1.2 to 1.3 times and 1.4 to 1.3 times higher, respectively, compared to
the control group. Additionally, the speci�c growth rate (SGR) in the algal-supplemented groups was
about 1.2 times higher than that in the control group. The supplementation of zeaxanthin and
fucoxanthin resulted in more pronounced improvements in growth, with WGR and SGR values
approximately 1.65 and 1.3 times higher, respectively, compared to the control group. No signi�cant
differences were observed between the carotenoid-supplemented groups in terms of these growth
parameters.

No signi�cant differences in survival rates were observed among the control group, the algal-
supplemented groups, and the carotenoid-supplemented groups, except for a statistically signi�cant
lower survival rate in the NH group compared to the control group. To investigate the color variation, the
surface color parameters of the shrimp fed with different feeds were measured. The feeds with added
algae powders and carotenoids all led to increases in the  overall color change.

Carotenoids possess a variety of biological functions, which were bene�cial for growth and
pigmentation in aquatic animals. Studies have shown the positive effects of dietary carotenoids on the
growth performance in shrimp when the supplemented carotenoids content exceeded 100 mg/kg, with
astaxanthin exhibiting signi�cant effects. In contrast, lower concentrations did not produce noticeable
effects. However, the dosage suggested by many publications only speci�ed the amount of carotenoid
added into the feed. During the feed production process, carotenoids are prone to degradation due to
factors such as high temperature and light. This degradation resulted in a reduction in the actual
carotenoid content in the feed, and other researchers have reported that the actual concentration of
astaxanthin in the feed for P. vannamei was reduced by nearly half compared to the theoretical amount.
Therefore, the actual carotenoid content in the feed might differ signi�cantly from the theoretically
added amount.

Body color is a determinant of the quality and market value of shrimp, primarily due to the presence of
various carotenoids that contribute to the pigmentation. However, crustaceans lack the enzymatic
machinery required for de novo synthesis of carotenoids. Instead, they must obtain carotenoids through

Carotenoids, retinoids modulate ovarian development in
Litopenaeus vannamei

The levels of carotenoids in commercial shrimp feeds are generally
insufficient to reach the physiological levels needed for critical
bioactive functions.
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diets and inter-convert into different types of carotenoids within their body. Beyond their role in
pigmentation, carotenoids also exert a range of physiological bene�ts in shrimp. They have been
shown to shorten molting cycle intervals, enhance digestive e�ciency, and improve stress tolerance,
thereby facilitating nutrient accumulation and rapid growth, which ultimately contribute to improved
overall growth performance.

Our �ndings were consistent with previous reports that carotenoid supplementation resulted in darker
raw shrimp and a more reddish color after cooking. The shrimp raw color is related to the formation of
the crustacyanin, a protein–astaxanthin complex, with higher content of astaxanthin resulting in a
darker color. After cooking, this protein–astaxanthin complex would be dissociated and free
astaxanthin is released to provide the vibrant color. In this study, the darker color of P. vannamei was
associated with the higher content of carotenoids, particularly astaxanthin, after feeding with dietary
algae powders and zeaxanthin supplementation.

Previous studies have reported that the increased levels of dietary carotenoid led to the accumulation
of carotenoids in crustaceans. In this study, the data con�rmed a positive correlation between
carotenoid content in the feed and that in shrimp. Speci�cally, each unit increase in dietary carotenoids
resulted in an approximate 9.51-unit increase in the carotenoid content of shrimp. Similar patterns of
carotenoid deposition were observed in the exoskeleton and hepatopancreas, whereas no signi�cant

Fig. 1: Pearson correlation analysis of the carotenoid contents

between feeds and P. vannamei. The correlation between the total

content of carotenoids in the three tissues and feeds (A); the

correlation between the total content of carotenoids in the

exoskeleton (B), hepatopancreas (C), muscle (D), and the content of

the feeds, respectively. The correlation between the total content of

carotenoids in the exoskeleton and the content of α-carotenoid (E), β-

carotene (F), lutein (G), zeaxanthin (H), and fucoxanthin (I) in the

feeds, respectively. Adapted from the original.
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correlation was detected in the muscle. This phenomenon could be explained by the fact that the
hepatopancreas serves as the primary site for the digestion and metabolic conversion of carotenoids
into astaxanthin in crustaceans.

The analytical results demonstrated a pronounced tissue-speci�c distribution of free astaxanthin, with
the highest concentration localized in the exoskeleton, while only trace levels were detected in the
hepatopancreas and muscle tissues. This distribution pattern might be attributed to the exoskeleton’s
role as the primary defensive barrier against environmental stressors, where astaxanthin is strategically
utilized for its potent antioxidative properties. Additionally, free astaxanthin in the exoskeleton plays an
essential role in pigmentation, enabling background color matching.

Perspectives
This study represents the �rst application of UPLC-MS technology – a highly accurate analytical
technique that shines in various areas including food analysis, toxicology, and biological assays   – to
investigate the effects of various algal powders and carotenoids as dietary supplements on growth
performance and pigment deposition in P. vannamei. The results demonstrated that all �ve dietary
supplements enhanced the growth performance of the shrimp. A signi�cant positive correlation was
observed between dietary carotenoid content and their deposition in shrimp tissues, with the
exoskeleton serving as the primary accumulation site. Notably, N. haitanensis powder and zeaxanthin
exhibited the most pronounced enhancement of carotenoid accumulation, identi�ed as the most
effective algal powder and carotenoid additive, respectively.

Furthermore, tissue-speci�c carotenoid accumulation was found to be mediated through free
carotenoids and astaxanthin esters. These �ndings suggest that targeted carotenoid deposition
through speci�c algal species or carotenoid compounds can effectively improve shrimp pigmentation.
Future research will focus on elucidating the biosynthetic pathways and metabolic transformation
mechanisms of carotenoids in shrimp, aiming to optimize feed formulations and enhance
pigmentation outcomes through systematic biological regulation.
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