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Abstract. The red claw crayfish (Cherax quadricarinatus) is a freshwater crustacean with promising
aquaculture potential due to its adaptability and economic value. This study investigated the effects of
purple sweet potato (Ipomoea batatas) extract as a natural feed additive on the growth and shell
colouration of juvenile Cherax quadricarinatus. The experiment employed four dietary treatments: a
control diet without extract (P1) and diets supplemented with 10% (P2), 20% (P3), and 30% (P4) purple
sweet potato extract over 30 days. Statistical analysis (p<0.05) revealed that P2 exhibited superior
growth performance, with the highest absolute weight (0.99+0.39 g), specific growth rate
(1.60£1.07%), and survival rate (80.00+8.16%). Additionally, colour intensity was optimized at 10%
extract concentration, achieving the highest values by Week 4. However, higher extract levels (20% and
30%) reduced carotenoid absorption and less efficient feed conversion ratios, indicating a dose-
dependent effect. Carotenoid content decreased with increasing extract concentrations, with P1 and P4
showing the highest (71 pmol g!) and lowest (36 pmol g!) absorption, respectively. Water quality
parameters, including temperature, pH, and dissolved oxygen, remained within optimal ranges for C.
quadricarinatus, ensuring consistent results. The findings highlight the potential of purple sweet potato
extract as a sustainable alternative to synthetic additives, enhancing growth and colour intensity while
supporting environmentally friendly aquaculture practices. However, excessive supplementation may
hinder carotenoid absorption and feed efficiency. This research provides valuable insights into optimizing
natural additives for aquaculture feed to improve growth, pigmentation, and sustainability in crustacean
farming.
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Introduction. Aquaculture has become a pivotal component of global food security,
addressing the growing demand for sustainable and high-quality protein sources (Azra et
al 2021). Among the numerous species cultivated within this industry, the freshwater
lobster (Cherax quadricarinatus), commonly referred to as the red claw crayfish, has
attracted significant attention due to its robust growth, adaptability, and high market
value (Garza de Yta et al 2012; Pyatikopova et al 2023; Zharchynska & Hrynevych
2023). As a species native to the freshwater systems of northern Australia and Papua
New Guinea, this prawn has proven to be an economically viable option for aquaculture,
especially in regions looking to diversify their aquatic farming practices (Haubrock et al
2021; Hou et al 2023; Snovsky & Galil 2011).

In aquaculture, two primary factors govern the commercial success of any
species: growth performance and marketability (Devlin et al 2020; Janssen et al 2017).
For C. quadricarinatus, marketability is closely linked to the aesthetic appeal of the
lobsters, particularly the brightness and vibrancy of their shell coloration (Mauro et al
2024; Rakhmawati et al 2023). Coloration, which is influenced by genetic and
environmental factors, is not merely a cosmetic trait but also an indicator of the lobster's
overall health and nutritional status (Ghonimy et al 2023; Leema et al 2010). Therefore,
enhancing shell color holds dual importance, improving consumer appeal while
simultaneously reflecting the health and vitality of the species.
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Historically, synthetic carotenoids and other artificial colorants have been used to
enhance the pigmentation of aquatic species (Pereira da Costa & Campos Miranda-Filho
2020). However, the increasing awareness of the environmental and health risks
associated with synthetic additives has led to a shift toward exploring natural alternatives
(Aguilar-Pérez et al 2023; Bolek 2022). Plant-derived pigments, particularly anthocyanins,
have emerged as a promising category of natural color enhancers (Lv et al 2023; Saati et
al 2022). Anthocyanins, which are responsible for the red, purple, and blue hues found in
various fruits and vegetables, are not only potent antioxidants but also exhibit a range of
bioactive properties that can positively influence growth and health in aquatic species
(Cammareri et al 2024; Khoo et al 2017; Mohammadi et al 2024).

The purple sweet potato (Ipomoea batatas), a widely cultivated root vegetable, is
particularly rich in anthocyanins (Farida et al 2024; Sumartini 2023). Purple sweet potato
extract in aquaculture represents a novel approach to enhancing the growth and
coloration of species such as C. quadricarinatus. The dual functionality of purple sweet
potato extracts as a natural colorant and growth promoter presents a sustainable
alternative to synthetic additives (Gagas et al 2023; Hartoto et al 2024). Moreover,
incorporating plant-based bioactives into aquaculture feed aligns with broader goals of
reducing the environmental footprint of aquaculture and meeting the rising consumer
demand for naturally derived products (Chandra Mohana et al 2023; Onomu & Okuthe
2024; Presenza et al 2023).

This study aimed to examine the effects of purple sweet potato extract on the
growth performance and coloration of C. quadricarinatus juveniles. The research was
based on the hypothesis that including anthocyanin-rich extract in these lobsters' diet
would lead to enhanced growth rates and improved shell coloration. By analyzing these
outcomes, the study aimed to thoroughly understand the potential benefits of using
purple sweet potato extract as a feed additive in aquaculture.

The significance of this research extended beyond the immediate context of C.
quadricarinatus cultivation. As the aquaculture industry continues to grapple with
sustainability challenges and environmental impact, developing natural feed additives
represents a critical area of innovation. The findings of this study are expected to
contribute to the growing body of knowledge on the application of plant-based bioactives
in aquaculture, offering insights that could inform the practices of producers worldwide.
Furthermore, by advancing the use of natural additives that enhance growth and
coloration, this research could potentially improve the economic viability and market
competitiveness of freshwater lobster farming, thereby supporting the industry's long-
term sustainability.

Material and Method. This research was conducted at the Fisheries Laboratory, Faculty
of Agriculture and Animal Science, Universitas Muhammadiyah Malang, from September
4th to October 18™ 2023. The study employed an experimental method using a
Completely Randomized Design (CRD) with four treatments and four replications, as
follows:

P1: Artificial feed without sweet potato extract;

P2: Artificial feed supplemented with 10% sweet potato extract;

P3: Artificial feed supplemented with 20% sweet potato extract;

P4: Artificial feed supplemented with 30% sweet potato extract.

Prawn preparation. One hundred sixty C. quadricarinatus (3 to 5 cm) were obtained
from a breeder and quarantined for three days without feeding. During the quarantine
process, the prawns were provided with aeration and a heater to maintain the oxygen
level and temperature within the fibre quarantine tank.

Feed preparation

Preparation of fish silage flour. The scad fish was obtained from the Sendang Biru
Fish Auction Facility in the Sumbermanjing Wetan District of Malang, East Java. Preparing
fish silage flour involved cleaning 5 kg of scad fish, grinding them, and placing them into
a container. Then, 150 mL of lactic acid bacteria and 20% molasses were added, and the
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mixture was fermented for 5 days. After fermentation, the mixture was dried in an oven
at 50°C for 2 days, then ground with a mixer grinder and sieved to obtain a fine powder.

Preparation of purple sweet potato extract. The fully mature and deep purple sweet
potatoes were acquired from the Sawojajar market in the Kedung Kandang District of
Malang City, East Java, Indonesia. They were further utilized in the Fisheries Laboratory
at the University of Muhammadiyah Malang. Afterward, they were thoroughly cleaned
before 1 kg was sliced into thin or small pieces and dried under the sun until all moisture
was removed. Moreover, dried sweet potatoes were blended into a powder and
macerated with ethanol as a solvent, in a ratio of 1:10, in glass jars (Zubaidah et al
2021). The mixture was stirred once daily for three days, filtered, then collected in a tray
and dried in an oven set to 50°C for two days. Finally, the dried material was sieved until
a fine powder was achieved. The resulting extract, now a fine purple powder, was utilized
as the material for this study.

Feed preparation. The stages involved in preparing the test feed begin with selecting
and preparing raw materials, determining the nutritional content of the feed ingredients,
and formulating the feed. The preparation phase for the test feed includes choosing and
preparing ingredients such as fish silage meal, soybean meal flour, wheat flour, fish oil,
vitamin mix, carboxymethyl cellulose (CMC), and purple sweet potato extract. Before
preparing the feed, it was essential to establish the nutritional content of each ingredient
through proximate analysis, as detailed in Table 1. The preparation began by weighing
the raw materials according to the feed formulation in Table 2. The ingredients were
added to the mixing container, starting with the smallest quantity and gradually
incorporating larger amounts, ensuring a homogeneous mixture at each step. The purple
sweet potato extract, used as an additive to enhance color brightness, was mixed
thoroughly with the other components until evenly distributed. The final mixture was
then stored in labeled plastic bags according to the specific treatments. The feed was
administered to C. quadricarinatus using the paste method.

Table 1
Proximate composition of feed ingredients
Ingredient Protein (%) Fat (%) Ash (%) NFE (%)
Fish silage meal 57.76 5.93 13.52 23.86
Soybean meal flour 50.04 2.12 7.16 63.55
Wheat flour 8.90 1.30 0.00 98.75
Fish oil 0.00 100.00 0.00 0.00
Vitamin mix 0.00 0.00 0.00 0.00
CMC (Carboxymethyl cellulose) 0.00 0.00 0.00 0.00
Purple sweet potato extract 0.00 0.00 0.00 0.00
Table 2

Feed formulation

Ingredient Requirements (gram)

Fish silage meal 30
Soybean meal flour 30
Wheat flour 30
Fish oil 4
Vitamin mix 3
CMC 3

Total 100

The proximate analysis. Proximate analysis evaluates feed nutrients, including protein,
fat, ash, and nitrogen-free extract (NFE). The methods used included drying moisture at
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105°C, determining protein via the Kjeldahl method, extracting fat by Soxhlet,
incinerating ash at 550°C, and digesting fiber with acid and alkali (AOAC 2012; Paul et al
2023; Saputri & Putri 2024). NFE was calculated by subtracting other components, which
ensures a comprehensive feed evaluation.

Observation of color intensity in C. quadricarinatus. The observation of color
intensity in C. quadricarinatus was based on a color finder table with a scale ranging from
1 to 10. This method involved comparing the natural body color of freshwater prawn with
a color finder chart, where each shade is assigned a specific value. The observation
focused on colors closely matching the lobster's body color. The assessment begins by
ranking the scores from the lowest (1) to the highest (10), representing a gradient from
light brown to dark or deep brown. The score determined the level of color brightness;
the lower the score, the brighter the color intensity of the lobster (Figure 1). Color
intensity observations were conducted weekly, or every 7 days, over 30 days, with a
specific focus on shades of brown (Budi et al 2021).

Flgure 1. Freshwater Iobster color finder chart.

This figure represents the color finder chart used to assess the color intensity of
freshwater lobsters. The chart typically includes a range of shades from light brown to
dark brown, with corresponding values from 1 to 10, which are used to evaluate the
lobster's body color intensity during the observation period.

Carotenoid analysis. Solvents such as acetone were used for the carotenoid extraction
from the feed to assess its content, contributing to coloration and providing health
benefits. The extract was then purified through chromatography to separate non-
carotenoid components. The purified extract was analyzed using a spectrophotometer at
specific wavelengths (approximately 480, 663, and 645 nm), and the absorbance
readings were utilized to determine carotenoid concentration based on a standard curve.
The total carotenoid content was expressed in milligrams per kilogram (mg kg?) of the
feed (Sukarman & Hirnawati 2014). The carotenoid content in the sample is calculated
using the following formula:

(A480 +0.114x A663 —0.638 x A645) x V x 10"3
1125 xW

Carotenoid (umol g1)=

Where:

A480 - absorbance value at a wavelength of 480 nm;
A645 - absorbance value at a wavelength of 645 nm;
A663 - absorbance value at a wavelength of 663 nm;
V - volume of the extract (mL);

W - weight of the sample (g).

Growth performance and survival rate analysis. The growth performances of C.
quadricarinatus, in addition to their survival rates, were also examined. These analyses
included the growth rate (GR), the absolute length growth (AL), the feed conversion ratio
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(FCR), the total feed consumption (TFC), and the survival rate (SR) (Handajani et al
2021; Robbani et al 2022).

GR (g) = Wt-WO0
Where:
GR - growth rate (g);
WO - initial weight (g);
Wt - final weight (g).

SGR (%) = (LnWt-LnWo)/t x 100
Where:
SGR - specific growth rate (%);
WO - initial weight (g);
Wt - final weight (g).

AL (cm) = Lt-LO
Where:
AL - absolute length (cm);
LO - initial length (cm);
Lt - final length (cm).

YF
FCR =—7"—"—
(Wt-Wwo)
Where:
FCR - feed conversion rate;
F - the number of feeds (g);
WO - initial weight (g);
Wt - final weight (g).

S0
SR (%) = = x 100

Where:
WO - initial weight (g);
Wt - final weight (g).

TFC =F2 - F1
Where:
TFC - total feed consumption (g);
F1 - uneaten feed;
F2 - given feed.

Water quality parameters. Water quality measurements were conducted to monitor
the environmental conditions during feed testing, ensuring optimal conditions for the
study. Temperature was measured with a calibrated digital thermometer at regular
intervals. Simultaneously, pH levels were assessed using a pH meter calibrated with
standard buffer solutions to maintain an acceptable range for the species studied.
Dissolved oxygen (DO) levels were measured with a dissolved oxygen meter, where the
probe was immersed in the water sample to ensure ample oxygen levels in the aquatic
environment. These comprehensive methods helped evaluate the feed's nutritional
quality, color enhancement properties, carotenoid content, and environmental conditions
essential for the research (Zubaidah et al 2022).

Statistical analysis. The research data were statistically analysed using Analysis of
Variance (ANOVA) to identify significant group differences. SPSS software version 25.0
was used to perform the ANOVA and other statistical tests, ensuring accurate
interpretation of the results.
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Results

Proximate analysis of feed. Table 3 presents the results of the proximate analysis of
the artificial feed for Cherax quadricarinatus (freshwater lobster) with different
concentrations of purple sweet potato extract: P1 (without purple sweet potato extract),
P2 (with 10% purple sweet potato extract), P3 (with 20% purple sweet potato extract),
and P4 (with 30% purple sweet potato extract), showing varying results across the
different treatments.

Table 3
The proximate composition for each feed treatment

Ash Crude Crude Crude NFE EM
Sample oy protein (%) fat (%) fiber (%) (%)  (mcal) '°@  CHO  TDN
P 10.14 35.70 7.80  1.67  44.69 3313.1 65.09 36.58 99.61
P2 0.00 25.21 571 074  68.34 37061 31.66 69.08 107.13
P3  6.83 21.18 575  1.24  65.01 3446.0 45.09 56.15 100.36
P4 0.00 18.54 469  1.02 7575 3696.2 2425 76.77 105.87

NFE-nitrogen free extract; EM-energy metabolism; CHO-carbohydrate; TDN-total digestible nutrients

The proximate analysis of the artificial feed for C. quadricarinatus reveals significant
variations in nutritional content depending on the concentration of purple sweet potato
extract added. The ash content, representing total mineral levels, is highest in P1 (1014)
and P3 (683), with no detectable ash in P2 and P4, suggesting that the extract influences
mineral composition. Protein content decreases as the concentration of purple sweet
potato extract increases from 3570 in P1 (no extract) to 1854 in P4 (30% extract),
indicating a dilution effect on protein levels. Both crude fat and fiber content also decline
with higher extract concentrations, potentially impacting the feed's energy density and
digestibility. In contrast, non-nitrogen free extract (NFE) and total digestible nutrients
(TDN) are highest in P4, suggesting that higher extract concentrations enhance the
carbohydrate and energy content of the feed. Overall, adding purple sweet potato extract
reduces protein and fat while increasing carbohydrates, which could affect the growth
and health of the lobsters.

Color testing of freshwater lobsters. The study examined color changes in freshwater
lobsters subjected to varying concentrations of purple sweet potato extract (0, 10, 20,
and 30%) over 4 weeks (Table 4 and Table 5). At the start of the experiment (Week 0),
all groups exhibited uniform color values of 100+£0.00. By Week 1, a significant reduction
in color values was observed, with the control group (0% extract) decreasing to
89.0+0.75 and the 10% extract group to 85.9+0.07. The latter was comparable to the
20% and 30% extract groups, indicating that higher extract concentrations did not
improve color retention during this phase. By Week 2, the color values continued to
decline across all treatments, with the control group dropping to 70.1+0.59. Notably, the
10% extract group exhibited the highest color value at 75.7+0.10, suggesting that this
concentration may optimize coloration at this stage. In Week 3, the declining trend
persisted, with values ranging from 53.9+£0.32 to 65.0+0.13. The 10% extract group
consistently maintained the highest color values. By the end of the study (Week 4), the
10% extract group achieved a color value of 61.8+0.14, which was statistically superior
to other treatments (p<0.05). These findings suggest that including purple sweet potato
extract at a 10% concentration is optimal for enhancing and maintaining coloration in
freshwater lobsters over 4 weeks. Higher concentrations (20% and 30%) did not confer
additional benefits, indicating the need for precise optimization of carotenoid
supplementation to maximize pigmentation.
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Table 4
The impact of various doses of purple sweet potato extract (%) on changes in the colour
values of freshwater lobsters over weeks

Time Dosage of purple sweet potato extract (%)

week 0 (P1) 10 (P2) 20 (P3) 30 (P4)
0 10.0+0.002 10.0+0.002 10.0+0.00°2 10.0+0.00°2
1 8.90+0.75° 8.59+0.072° 8.10+0.092 8.23+0.10°
2 7.01+0.59% 7.57+0.10° 6.79+0.40° 6.82+0.20°
3 5.44+0.072 6.50+0.13P 5.39+0.32°2 5.66+0.272
4 4,67+0.232 6.18+0.14¢ 4,89+0.132 5.29+0.21°

Data are presented as mean + SD (n=3); different letters indicate significant differences among treatments at
each time point (p<0.05).

Table 5
Differences in lobster color before and after the study

Treatment Before After

P1

P2

P3

P4

Carotenoid analysis. Figure 2 illustrates the carotenoid content (umol gt) in Cherax
quadricarinatus across four treatment groups during a 30-day feeding trial. The control
group (P1), lacking purple sweet potato extract, demonstrated the highest carotenoid
absorption at 71 pmol g'. In contrast, the group receiving the highest extract
concentration (P4) showed the lowest absorption at 36 umol g*. Intermediate levels
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were observed in P3 (62 pmol g') and P2 (44 pmol g1), indicating a decline in
carotenoid uptake with increasing extract concentration. The results suggest that adding
purple sweet potato extract does not consistently enhance carotenoid absorption in C.
quadricarinatus, with higher concentrations potentially inhibiting uptake.
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Figure 2. The average carotenoid content of Cherax quadricarinatus.

Growth performance and survival rate analysis. The growth performance of C.
quadricarinatus was significantly influenced by the supplementation of sweet potato
extract (Table 6), as indicated by the statistical analysis (p<0.05). The control group (P1)
exhibited the lowest values for all measured parameters, including absolute weight
(0.59+£0.15 g), specific growth rate (1.18+0.50), absolute length (0.25+0.05 cm), and
survival rate (40.00+8.16%), accompanied by the highest feed conversion ratio (FCR) of
1.96+1.06. In contrast, treatment P2 showed superior growth performance, with an
absolute weight of 0.99+£0.39 g, a specific growth rate of 1.60£1.07, and a significant
enhancement in survival rate (80.00%£8.16%). Treatment P3 also demonstrated notable
growth, recording an absolute weight of 0.87+£0.38 g and a survival rate of
80.00+£11.55%. However, the FCR for P3 (1.61£0.23) was higher than that of P2,
indicating less efficient feed utilization in comparison. Treatment P4, while showing
moderate performance with an absolute weight of 0.74+0.58 g and a survival rate of
67.50£9.57%, also exhibited an FCR (1.80£0.51) similar to that of the control group.

Regarding this discovery, sweet potato extract supplementation significantly
improved C. quadricarinatus growth, with treatment P2 showing the best results in
weight, growth rate, and survival. Higher concentrations in treatments P3 and P4 led to
less efficient feed utilization, indicating that moderate supplementation is optimal for
growth and feed efficiency.

Table 6
The growth performance of Cherax quadricarinatus after sweet potato extract treatments

Absolute Specific growth Absolute

Treatment weight (g) rate (%) length (cm) SR (%) FCR
P1 0.59+0.15° 1.18+0.50° 0.25+0.05? 40.00+8.162 1.96+1.06°¢
P2 0.99+0.39° 1.60+1.07° 1.10+0.01° 80.00+8.16° 1.23+0.05°
P3 0.87+0.38P 1.30+0.21° 0.42+0.262 80.00+11.55¢ 1.61+0.23P
P4 0.74+0.58P 1.21+0.70° 0.31+0.19° 67.50+£9.57° 1.80+0.51¢

Data are presented as mean £ SD (n=3); different letters indicate significant differences among treatments at
each time point (p<0.05). SR-survival rate; FCR-feed conversion ratio.

Water quality analysis. Table 7 presents the environmental parameters of
temperature, pH, and dissolved oxygen across four treatments (P1, P2, P3, and P4),
compared to the optimal levels established for freshwater species. The recorded
temperature values across treatments ranged from 22.3°C to 28.3°C, with P3 exhibiting
the widest variation (22.3°C to 28.3°C). Although these temperatures were slightly below
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the optimal range of 24°C to 29°C, they might still support metabolic and physiological
processes; however, they could limit peak efficiency in growth and immune response, as
higher temperatures within the optimal range are known to enhance enzymatic activity
and overall metabolism in aquatic species.

Table 7
Results of water quality measurements during the study
Parameter Treatment Optimum
P1 P2 P3 P4 level
Temperature (°C) 23.1-28.2  22.3-27.9 22.3-28.3 23.1-27.9 24-29"
pH 6.8-8.5 7.1-8.5 7.1-8.5 6.9-8.4 6.5-9"
DO (mg L1) 4-5.7 3.5-5.7 4.1-5.7 4-5.7 3-6"

The pH values across all treatments varied from 6.8 to 8.5, aligning well with the
recommended optimum range of 6.5 to 9. Treatments P2 and P3 recorded slightly higher
ranges (7.1 to 8.5), favorable for maintaining water alkalinity and stable physiological
conditions. Consistently optimal pH levels regulate osmotic balance and metabolic
function, preventing stress in freshwater organisms. DO concentrations across treatments
ranged from 3.5 to 5.7 mg L, generally within the optimal 3 to 6 mg L!. However, P2
exhibited the lowest minimum value (3.5 mg L), which might pose a risk of hypoxic
stress, particularly during periods of high metabolic demand, such as feeding or
increased activity. Adequate dissolved oxygen levels are essential for aerobic respiration
and efficient nutrient assimilation, and suboptimal DO levels could hinder growth and
survival rates. Overall, although the recorded parameters stay within acceptable ranges
for freshwater species, slight deviations from the optimum, especially in temperature and
DO levels, could affect the lobsters' growth and health performance. These findings
emphasize the need for precise environmental monitoring and management to sustain
favorable conditions for optimal growth and physiological efficiency.

Discussion. The study found that a 10% purple sweet potato extract was optimal for
enhancing freshwater lobster coloration, achieving the highest color values by Week 4
(61.8+0.14; p<0.05), while higher concentrations provided no additional benefits (Tables
4 and 5). These findings align with other studies emphasizing the importance of
carotenoid sources in enhancing crustacean pigmentation. For instance, Wang et al
(2021) demonstrated that dietary astaxanthin supplementation improved pigmentation in
shrimp, with optimal concentrations yielding significant benefits compared to higher or
lower doses, which often resulted in diminished effects. Lower doses, such as 20 mg kg!,
have also shown positive effects on pigmentation but may not achieve the same intensity
as higher doses (Zhang et al 2022). Similarly, a review by Wade et al (2017) on
crustaceans noted that moderate concentrations of natural carotenoids improved color
retention and immune response. In contrast, excessive supplementation inhibited
carotenoid absorption due to saturation effects in the digestive system. Moreover, purple
sweet potato extract, rich in anthocyanins and natural pigments, offers additional
antioxidative benefits, as highlighted by Li et al (2019) and Baron et al (2008), who
found that anthocyanin-rich diets improved stress tolerance and overall pigmentation in
ornamental fish. These synergistic properties may explain the superior performance of
the 10% concentration observed in the current study. Conversely, higher concentrations,
such as the 30% extract group, may lead to negative interactions or reduced
bioavailability, as excessive anthocyanins could interfere with carotenoid metabolism.
These findings conclude that a 10% purple sweet potato extract effectively enhances
freshwater lobster coloration, potentially benefiting aquaculture and ornamental fisheries.

Moreover, the study also found carotenoid content in C. quadricarinatus over 30
days. The control group (P1) exhibited the highest absorption (71 umoL g), while the
highest extract concentration (P4) had the lowest (36 ymol g), indicating that higher
concentrations may reduce carotenoid uptake (Figure 2). These results suggest that
adding purple sweet potato extract does not necessarily enhance carotenoid absorption.
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In fact, excessive inclusion may inhibit absorption, a finding that aligns with several
studies. Some papers demonstrated that while moderate carotenoid supplementation
boosts pigmentation in shrimp, high concentrations decrease bioavailability, likely due to
metabolic saturation (Boonyaratpalin et al 2001; Diaz-Jiménez et al 2019; Wade et al
2017). Similarly, Jiang et al (2024) and Zhao et al (2023) found that crayfish exhibited
reduced carotenoid absorption when supplementation exceeded optimal levels. As a
result, these studies indicate that carotenoid absorption follows a dose-dependent curve,
where excessive supplementation can overwhelm absorption mechanisms. Furthermore,
a study by Hien et al (2022) and Huggins et al (2010) on fish highlighted similar trends,
showing that excessive carotenoid levels could lead to reduced pigmentation due to
impaired absorption. Additionally, research on Pennaeus monodon further supports these
findings, revealing that excess carotenoids could disrupt digestive processes (Wade et al
2017) and reduce overall bioavailability (van het Hof et al 2000). These findings
underscore the importance of optimizing carotenoid supplementation in aquaculture
diets. While carotenoid-rich ingredients like purple sweet potato extract can enhance
pigmentation and health, excessive inclusion may diminish their effectiveness. Therefore,
precise dietary formulation tailored to the species' absorption capacity is crucial for
maximizing carotenoid uptake and achieving desired physiological outcomes. Sweet
potato extract also could enhance C. quadricarinatus growth, with P2 performing best,
followed by P3 and P4, while P1 had the lowest growth. These findings align with
previous research on using plant-based additives in aquaculture. For instance, natural
plant extracts, such as those from ginger, enhance shrimp growth and feed conversion,
though the optimal effects were observed at intermediate concentrations (Shahraki et al
2021; Tu et al 2023; Venkatramalingam et al 2007). Similarly, Arulvendhan et al (2024)
and Muralisankar et al (2018) reported improvements in growth and survival in
freshwater prawns supplemented with plant extracts, highlighting the importance of
concentration in optimizing these effects. This study suggests that moderate
supplementation with sweet potato extract (P2) offers the most favorable growth
performance for C. quadricarinatus, with improved weight gain and feed conversion
efficiency compared to higher or lower dosages. This supports the growing body of
literature indicating the beneficial role of plant-based additives in crustacean aquaculture.

Finally, the results demonstrate that C. quadricarinatus thrives within the optimal
environmental parameters of temperature (24°C to 29°C), pH (6.5 to 9), and dissolved
oxygen (DO) (3 to 6 mg L), which are critical for its growth and health. Ferrer-Chujutalli
et al (2024) emphasized that maintaining temperatures within this species-specific
optimal range maximizes growth and immune responses in freshwater crustaceans. They
suggested keeping temperatures closer to 24°C to 29°C would benefit this species. This
aligns with several studies showing improved growth and survival of crayfish when pH
levels are maintained within the optimal range, ensuring enzymatic efficiency and proper
ion regulation (Haddaway et al 2013; Maoxiao et al 2018; Siewert & Buck 1991).
Furthermore, Qiu et al (2022) and Ma et al (2021) highlighted that DO levels toward the
upper end of the range (5 to 6 mg L) are crucial for supporting higher energy
metabolism and better feed conversion efficiency. In contrast, DO levels falling below 4
mg L' may lead to hypoxic stress, hindering growth and performance. Overall, the
environmental conditions observed in this study closely match the recommended ranges
for freshwater crustaceans. However, slight deviations in temperature and DO levels in
some treatments may limit the species' performance, emphasizing the importance of
maintaining ideal environmental conditions for optimal health and growth.

Conclusions. The study demonstrates that including purple sweet potato extract in the
diet of C. quadricarinatus positively influences growth and coloration when applied at
optimal levels. Specifically, a 10% extract concentration significantly enhanced absolute
weight, specific growth rate, survival rate, and shell pigmentation, indicating its efficacy
as a natural feed additive. Higher extract concentrations (20% and 30%) reduced
carotenoid uptake and feed efficiency, highlighting a dose-dependent response.
Environmental parameters, including temperature, pH, and dissolved oxygen, remained
within the optimal range for C. quadricarinatus, ensuring reliable results. These findings
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underscore the potential of purple sweet potato extract as a sustainable alternative to
synthetic additives in aquaculture, offering economic and environmental benefits. Future
research should focus on refining the dosage and exploring its long-term effects on
physiological health and marketability. This study contributes valuable insights into using
natural bioactives to enhance aquaculture practices sustainably.
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