V: fishes

Article

Comprehensive Utilization of Land Resources for Photovoltaic
Power Generation to Culture Chinese Mitten Crab

(Eriocheir sinensis): Growth Performance, Nutritional
Composition and Tissue Color

Yangyang Pang '+, Chao Niu ', Lifeng Wu 2, Yameng Song ', Xiaozhe Song !, Ao-ya Shi !, Xingliang Shi 1,
Zong-wen Wu 3, Boping Tang ¢, Xiaozhen Yang ** and Yongxu Cheng **

Citation: Pang, Y.; Niu, C.;

Wu, L.; Song, Y.; Song, X.; Shi, A.-y.;
Shi, X.; Wu, Z.-w; Tang, B.;

Yang, X.; et al. Comprehensive
Utilization of Land Resources for
Photovoltaic Power Generation to
Culture Chinese Mitten Crab
(Eriocheir sinensis): Growth
Performance, Nutritional
Composition and Tissue Color.
Fishes 2022, 7, 207.
https://doi.org/10.3390/fishes7040207

Academic Editor: Sung Hwoan Cho

Received: 25 July 2022
Accepted: 16 August 2022
Published: 18 August 2022

Publisher's Note: MDPI stays
neutral with regard to jurisdictional
claims in published maps and

institutional affiliations.

Copyright: © 2022 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution  (CC  BY) license
(https://creativecommons.org/license

s/by/4.0).

1 National Demonstration Center for Experimental Fisheries Science Education,

Key Laboratory of Freshwater Aquatic Genetic Resources, Ministry of Agriculture,

Engineering Research Center of Aquaculture, Shanghai Ocean University, Shanghai 201306, China
Tongwei New Energy Co., Ltd., Chengdu 610041, China

Tongwei Co., Ltd., Chengdu 610041, China

College of Ocean and Biology Engineering, Yancheng Teachers University, Yancheng 224007, China
Correspondence: xzyang@shou.edu.cn (X.Y.); yxcheng@shou.edu.cn (Y.C.); Tel.: +86-21-61900417 (Y.C.);
Fax: +86-21-61900405 (Y.C.)

t These authors contributed equally to this work.

* B W N

Abstract: The assertive growth of photovoltaics (PV) will occupy a lot of land resources. There is
also a needed land resource to expand the culturing area of Eriocheir sinensis. The aquavoltaic
systems offer a potential solution to integrate PV power and E. sinensis culturing. In this study, we
cultured E. sinensis in an area of PV panels (PV group) and an area with no PV panels (control
group), respectively. The results showed that the weight gain rate, body length, body width, and
meat yield of male crabs in the PV group significantly increases. In addition, the moisture of
muscles, hepatopancreas, and testes in the PV group has significantly increased, and the total lipids
of the hepatopancreas and muscles in the PV group were significantly decreased. Moreover, the PV
panels affected the content of eight amino acids in different tissues, including Met, Arg, Cys, Pro,
Gly, Leu, Tyr, and His. In addition, several saturated fatty acids (SFA), monounsaturated fatty acids
(MUFA), and polyunsaturated fatty acids (PUFA) had been significantly influenced by the PV
panels. Y MUFA, docosahexaenoic acid (DHA), }'n-3 PUFA, ) n-6 PUFA, and n-3/n-6 PUFA ratio (p
< 0.05) in the PV group had significantly decreased. The results of tissue color showed that the L*
value of ovaries was significantly higher than in the control group, and a* and b* values of
hepatopancreas were significantly lower. In conclusion, PV panels could promote growth
performance and amino acid nutrition of crabs. However, the PV panels had a few negative
influences on the fatty acid composition and tissue color.

Keywords: aquavoltaic system; Eriocheir sinensis; growth performance; nutritional composition;
tissue color

1. Introduction

Photovoltaic (PV) power generation, which can replace fossil energy, is essential to
mitigate climate change. According to reports, the global annual PV generation level will
reach 6970 TWh in 2030 from 820 TWh in 2020, the average generation growth needs 24%
during 2020-2030 [1]. By the end of 2021, the installed capacity of PV power generation in
China had reached 306 million KW, ranking first in the world for seven consecutive years
[2]. However, the assertive growth of photovoltaics will occupy a lot of land resources [3].
This is in contradiction with agricultural development and food production. As an
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important economic crab, the Chinese mitten crab (Eriocheir sinensis) is widely cultured in
China, and the pond culture of E. sinensis has developed rapidly in the past years. There
is also a need to expand the culturing area. However, in recent years, the government has
controlled the excavation of culturing ponds in China. Therefore, the aquavoltaic systems,
which integrate aquaculture and PV power generation, offer a potential solution to this
problem [4,5]. In recent years, more and more individuals have considered using
aquaculture ponds to carry out PV power generation. For example, the floating
photovoltaic (FPV) systems on aquaculture ponds could promote the production of the
giant freshwater prawn (Macrobrachium rosenbergii), tilapia (Oreochromis niloticus) and
milkfish (Chanos chanos) [6]. However, there is a lack of research on the feasibility of E.
sinensis culturing under PV panels.

As we know, the PV panels covering the pond will affect the light intensity and the
air circulation on the surface of the water body and, in addition, the water temperature
and dissolved oxygen (DO) can be influenced by the PV panels [6,7]. The light intensity,
temperature, and DO have a direct impact on the growth and development of animals [8—
10]. For example, Tigan et al. (2020) confirmed that the larval Delta Smelt (Hypomesus
transpacificus) has a minimum threshold of light to generate its exogenous feeding
response [11]. However, this did not mean that the higher the light intensity, the better
the growth of animals. Another study showed that the peak value of weight gain (WG)
and specific growth rate (SGR) of juvenile mud crab (Scylla paramamosain) is 10 W m2
rather than the higher light intensity [9]. In the study, the WG and SGR of S. paramamosain
displayed a curvilinear response to light treatments [9]. In addition, there is a positive
correlation between water temperature and light intensity and the high temperature was
not conducive to animal feeding and growth [12]. In the hot summer season, PV panels
could block sunlight and reduce the intensity of light and temperature rise [13,14].
However, we also need to consider the possible adverse effects of PV panels on animal
growth in the spring and continuous rainy weather. After all, the low water temperature
will also affect the growth of animals [15]. Moreover, the PV panels may affect the
photosynthesis of aquatic plants, resulting in the reduction of DO [7]. In aquaculture, yield
is an important measure of the success of aquavoltaic systems. Therefore, we must pay
attention to the impact of PV panels on the growth of E. sinensis.

The edible tissues (muscle, gonad, and hepatopancreas) of E. sinensis usually attract
consumers with their unique flavor, delicious taste, and rich nutrition. The nutrients,
aromatic flavor, and umami flavor of cooked crabs are mainly derived from a large
number of enriched amino acids and fatty acids [16,17]. Therefore, the amino acid
composition, fatty acid composition, and proximate composition in edible tissues are
important indicators to judge the quality of crabs. According to one report, light intensity
could affect the biosynthesis of amino acids and unsaturated fatty acids in S. paramamosain
[18]. Liu et al. (2020) also suggested that the amino acid composition and polyunsaturated
fatty acids of muscles are influenced by the light intensity in giant clams (Tridacna crocea)
[19]. Considering the potential impact of PV panels, we needed to analyze the amino acid,
fatty acid, and proximate composition of the crabs, to ensure the final crab quality.

Moreover, the carapace, hepatopancreas, and ovaries color of crustaceans is also an
important factor to attract customers [20]. For example, consumers usually prefer the light
grey and grey raw shrimp (Litopenaeus vannamei), and orange and intense orange cooked
shrimp [21]. Therefore, the color of crabs directly affects consumers’ purchase decisions
and becomes one of the important indicators to evaluate the value of crabs [20]. According
to the report, constant darkness treatment darkened the body color of L. vannamei [22].
Another study also confirmed that light intensity with 434 lux which is the highest in the
study can darken the skin color of catfish (Leiocassis longirostris Gunther) [23]. The
mentioned studies suggested that changes in light intensity may affect the color of
crustaceans. Therefore, the effect of PV panels on the crabs’ color is needed to be further
evaluated.
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In this study, we integrated PV power generation and crab culturing for the first time.
Previously, we had published some data from this study in another journal, including the
effect of PV panels on the light intensity, water temperature, dissolved oxygen, and
aquatic plant growth in the ponds culture of E. sinensis [24]. In this paper, we mainly
focused on the effect of PV panels on the growth performance, amino acid, fatty acid,
proximate composition, and tissue color of E. sinensis. We aimed to evaluate the potential
value of the aquavoltaic system to solve the competition for land resources between PV
power generation and aquaculture.

2. Materials and Methods
2.1. Construction of Experimental Facilities

In this study, two large surface ponds (more than 66,690 m?) were randomly chosen
to construct the photovoltaic modules and net enclosures in Tongwei Provincial Boutique
Fishery Park (32.229° N, 119.035° E, Nanjing, China). In each pond, about half of the area
was covered by photovoltaic panels (PV area), and the other half of the water surface was
free of any shelter (non-PV area). Each photovoltaic module consisted of one PV panel
(area: 1661 x 995 mm; dip angle: 28°; power: 275/280 Wp) and one support column (height:
5.2 m). The left and right distance between each two PV panels were 1000 mm, and the
front and rear distance were 6200 mm. Then, we built two net enclosures
(length:width:height = 25 m:20 m:2 m) under PV panels of each pond, and the other two
identical net enclosures were placed in the non-PV area. Therefore, there was a total of
four net enclosures under PV panels of two ponds, and four net enclosures in the non-PV
area. In addition, two microporous aeration plates were placed on the bottom of each
enclosure in order to increase the dissolved oxygen (DO). The Elodea nuttallii was planted
in the whole area of the two ponds (density: 15 kg/m?) including net enclosure areas and
non-enclosure areas.

2.2. Animal Culture

From 10-15 April 2019, the juvenile crabs (density: 3.2 individuals/m?) with body
weights of 8.56 + 0.87 g were put into the enclosure areas and non-enclosure areas of
ponds. All crabs were divided into the net enclosures in the non-PV area (named as the
control group, four repetitions) and the net enclosures under PV panels (named as the PV
group, four repetitions). In the control and PV groups, the animals only moved in the
enclosed area of the net enclosures, the difference being that the PV panels covered the
PV group, while the control group were not. The water depth of the ponds was kept at 0.8
m. The crabs were fed the pellet feed (BADA FEED, Nan Tong, Jiangsu Province, China)
daily once in the afternoon. The feeding amount was a ration of approximately 2-3% of
the total crab biomass. The DO and water temperature were recorded every day using the
handheld multiparameter meter (HQ40d, HACH, Loveland, CO, USA) and the
temperature recorder (RC-4, Jiangsu Jingchuang Electronics Co., Ltd., Xu Zhou, China).
The light intensity of control and photovoltaic groups were also recorded using a digital
lux meter (AS823, HIMA, China). The data on the DO, water temperature, and light
intensity were published in another journal [24]. Taking the data of May as an example,
the average DO in the water bottom of the control and PV groups were 12.2 + 0.4 mg/L
and 11.1 + 0.5 mg/L, respectively, and the average water temperature in the PV group (23
+ 0.8 °C) was significantly lower than in the control group (24.5 + 0.7 °C). In addition, the
average light intensity in the PV group (3255 + 124 Lux) was also significantly lower than
in the control group (20,685 + 2368.6 Lux) in the water bottom [24].

2.3. Animal Growth Investigation and Sample Collection

On 16 November 2019, all crabs from the control and photovoltaic groups were
caught. Then, some crabs (15 male and 15 female) were randomly chosen from each net
enclosure to monitor the growth performance. A total of 120 crabs from the control group
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and 120 crabs from the PV group were used to monitor the growth performance. These
crabs were weighed (precision = 0.01 g) by an electronic balance. The body length and
width of crabs were also measured using a vernier caliper (precision = 0.02 mm). The
weight gain rate (WGR, %) of each crab was calculated. Then, a total of 10 male and 10
female crabs from each group were randomly selected and dissected, and the muscles,
hepatopancreas, and gonads were collected to calculate the meat yield (MY),
hepatosomatic index (HSI), gonadosomatic index (GSI), and total edible yield (TEY). The
WGR, HSI, GSI, MY, and TEY were calculated using the following formulas:

WGR (%) =100 x (Wf - Wi)/Wi
HSI (%) =100 x Hepatopancreas wet weight/Body wet weight
GSI (%) =100 x Gonad wet weight/Body wet weight
MY (%) =100 x Meat wet weight/Body wet weight

TEY (%) = MY + HIS + GSI

WIf means the crab body weight at the final point of sampling, Wi means the crab
body weight of the initial sampling point.

2.4. Biochemical Analysis

The muscles, hepatopancreas, and gonads were used to analyze the moisture, crude
protein, and ash according to AOAC procedures [25]. Oxidative acid hydrolysis was used
to hydrolyze the Cystine, and another 16 amino acids were hydrolyzed by acid hydrolysis
[26]. After pretreatment, all samples were detected by an automatic amino acid analyzer
(5-433D, Sykam, Eresing, Germany). In addition, the total lipids of these samples were
extracted using a method of chloroform-methanol [27]. The total lipids of muscles,
hepatopancreas and ovaries were esterified with boron tri-fluoride/methanol. Then, the
hexane was used to extract the fatty acid methyl esters (FAMEs). Following this, FAMEs
were analyzed by the gas chromatograph chromatograph-mass spectrometer (GC-MS,
5977A, Agilent 7890B-5977A, Santa Clara, CA, USA) [28].

2.5. Color Measurement

The hepatopancreas (wet) and ovaries (wet) were freeze-dried for 24 h using a freeze
dryer (FD5508, ilShin BioBase, Kinki do, Korea). Then, the color of hepatopancreas (wet
and dry) and ovaries (dry) were detected by the CIE 1976 L*a*b* Imaging and a Lovibond
RT200 spectrophotometer (Salisbury, England) [20]. Each sample was tiled on a circular
flat plate, then tested, and there were three readings on each sample surface. The degree
of parameter lightness (L*) is that L* > 0 means white and L* <0 means black. At the same
time, the redness (a*) > 0 indicates that colors are red, and a* < 0 indicates that colors are
green. In addition, the yellowness (b*) > 0 means yellow, and b* <0 means blue.

2.6. Statistical Analysis

The data are expressed as the mean + SD. A one-way analysis of variance was used
for multiple group comparisons along with post hoc Duncan multiple range tests. Before
analysis, all data were tested for variance homogeneity. All analyses were performed
using SPSS 22.0 (SPSS Statistics Base 22.0.0.0, IBM, Armonk, NY, USA). p values of < 0.05
indicated statistically significant differences.
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3. Results
3.1. Growth Performance and Edible Indices

As shown in Figure 1A, the male crabs’ body weight in the control group was
significantly lower than the PV group at the final sampling point (the end of net enclosure
culture, 16 November 2019) (p < 0.05). The WGR showed the same trend (Figure 1B), i.e.,
the male crab in the PV group was significantly higher than the control group (p < 0.05).
As for the final body length and width, the male crabs in the PV group were also
significantly higher than the control group (p <0.05, Figure 1C,D). However, there was no
significant difference in females’ body length and width between the control and PV
groups (Figure 1C,D). Therefore, we could find that the PV panels can promote the growth
of E. sinensis, especially in male crabs. In addition, we found that the MY of male crabs in
the control group was significantly lower than in the PV group (p < 0.05, Figure 2C), and
there was no significant difference in the HIS, GSI, and TEY between the two groups (p >
0.05, Figure 2A,B,D).
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Figure 1. The mean body weight (A), weight gain rate (B), body length (C), and body width (D) of
male and female crabs at the final sampling point (16 November 2019). The data are expressed as
the means + SD. The different lowercase letter above bars indicates significant difference between
groups (p < 0.05).
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Figure 2. The mean hepatosomatic index (A), gonadosomatic index (B), meat yield (C), and total
edible yield (D) of male and female crabs at the final sampling point (16 November 2019). The data
are expressed as the means + SD. The different lowercase letter above bars indicates significant
difference between groups (p < 0.05).

3.2. Proximate Composition

The moisture of female crabs” muscles in the control group was significantly lower
than that in the PV group (p < 0.05, Table 1). Similarly, the moisture of male and female
crabs’ hepatopancreas in the control group also was the lowest when compared with the
PV group. Therefore, the PV panels could significantly increase the moisture of muscles
and hepatopancreas in this study. In addition, the total lipids of the male hepatopancreas
and the female muscles and hepatopancreas in the control group were significantly higher
than in the PV groups (p < 0.05). These results indicated that the PV panels may decrease
the total lipids of muscles and hepatopancreas. More than these, we also focused on the
ash content in different tissues. From the results, the ash content in male muscles and
testes in the control group was significantly higher than in the PV group (p < 0.05, Table
1). However, the male hepatopancreas’ ash in the control group was significantly lower
than in the photovoltaic group (p < 0.05). These results suggested that the PV panels can
significantly affect the ash of tissues in E. sinensis, and there was no significant change in
the crude protein content between the two groups.

Table 1. The proximate composition (% wet weight) of muscles, hepatopancreas, and gonads of the
adult E. sinensis were analyzed. The data are expressed as the means + SD. The different lowercase
indicates significant difference between groups (p < 0.05).

Tissues Items (%) Male Female
Control Photovoltaic Control Photovoltaic
Moisture 79.46 +3.95 81.46+1.21 7744 +1.54%" 80.39 +0.45 2
Muscles Crude Protein 15.85 +3.34 1547 +1.13 1755 +1.44 16.07 +0.33
Total Lipids 0.79 +0.17 0.75+0.13 0.97£0.13 2 0.78+0.13¢®
Ash 1.70 £ 0.08 2 1.55 +0.08 ® 1.98 +0.18 2.09 +0.11
Moisture 49.20 +6.34 " 64.64+7.07 2 46.40 + 5.88 48.89 + 3.50
Hepatopancreas Crude Protein 6.35+0.76 5.62+0.36 6.67 +0.68 6.39 +0.44

Total Lipids 45.03 +£2.95 2 20.13 +2.28 b 43.51+3.43 19.44 + 3.55 "
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Ash 1.11+0.08" 1.57+0.24 2 1.01+0.15 1.08 +0.14
Moisture 72.47 +0.81 73.09 +0.59 50.74 +0.96 52.92 +1.94
Gonad Crude Protein 16.99 + 0.53 16.89 + 0.05 28.89 + 0.68 28.18 £0.92
onads Total Lipids 0.75+0.10 0.67+0.13 13.67+1.20 1328 +1.31
Ash 1.71+0.122 1.47 +0.04" 215+0.24 2.03+0.16
3.3. Amino Acid Composition
In the male crabs’ muscles, the Met (methionine), His (histidine), and Pro (proline) in
the control group were higher than in the PV group (p < 0.05, Table 2). On the contrary,
the Gly (glycine) in the PV group was higher than in the control group (p <0.05, Table 2).
As for the female muscles, the Arg (arginine) and Gly in the PV group were also higher
than in the control group (p < 0.05, Table 2). In addition, the EAA/NEAA of the control
group was significantly higher than the PV group (p < 0.05, Table 2). According to the
results, we could find the PV panels can affect the Met, His, Pro, Arg, and Gly levels in
the crabs” muscles, and the Tyr (tyrosine), Met, Arg, Cys (cysteine), and Pro in the PV
group were significantly higher than in the control group in male crabs” hepatopancreas
(p < 0.05, Table 3). Meanwhile, there was a significant difference in the Arg of
hepatopancreas between the control and the PV group (p < 0.05, Table 3). In addition, we
also detected the amino acid composition of the testes and ovaries. From the results, the
Gly of testes in the photovoltaic was significantly higher than in the control group (p <
0.05, Table 4). In the ovaries, the Leu (leucine) and His in the control group were all
significantly lower than in the PV group (p < 0.05, Table 4). On the contrary, the Pro, Try,
Cys, and AAA in the control group were all significantly higher than in the PV group (p <
0.05, Table 4). To sum up, the PV panels might have little effect on most amino acids, but
still have a significant effect on a few amino acids.
Table 2. The amino acid composition (% of total amino acids) in the muscles of adult crabs in the
control, photovoltaic and freedom groups, respectively. The data are expressed as the means + SD.
The different lowercase indicates significant difference between groups (p < 0.05).
Male Female
Tissue Amino Acids Control Photovoltaic Control Photovoltaic
Thr 3.96 £0.24 3.79+0.15 2.71+0.10 2.71 £0.08
Val 4.23+0.10 4.06+0.19 2.94+0.10 2.95+0.08
Ile 4.01+0.13 3.92+0.16 2.76 £0.10 2.78 £0.09
Leu 6.64 +0.19 6.44 +0.25 4.65+0.18 4.69+0.15
Tyr 3.73£0.16 3.42+0.31 2.65+0.12 2.66 +0.06
Phe 3.86 £0.10 3.65+0.21 2.77+0.13 2.75+0.10
Met 246+0.102 220+0.29® 1.72 +0.07 1.70 +0.08
Lys 6.59 +0.09 6.40 £ 0.17 4.00+0.18 4.14+0.16
Trp - - - -
YEAA 35.47 +1.04 33.88 +1.63 24.18 +0.88 2437 +0.51
Muscles Arg 8.82+0.43 8.97 £0.35 8.23+£0.14° 8.75+0.427
His 243+0.102 2.23+0.09® 1.85+0.11 1.82+0.09
YSEAA 11.26 + 0.44 11.20 £ 0.42 10.07 £0.20 10.58 + 0.49
Asp 8.76 £0.22 8.55 +0.49 6.04 £0.28 6.08 £0.20
Ser 3.63£0.20 3.64+0.12 2.46 +0.05 2.52+0.09
Glu 14.03 + 0.60 13.64 £ 0.55 9.08 +£0.30 9.30+£0.26
Ala 6.01£0.33 6.04 +0.40 4.45+0.14 4.43 +0.08
Cys 0.94 £0.04 0.80+0.33 0.69 +0.03 0.73 +0.05
Pro 4.56+0.142 3.59+0.25" 4.04 £0.40 3.72+0.39
Gly 5.64+0.18" 6.81£0.50 2 4.01+0.17" 496+0.272
YNEAA 43.56 +1.44 43.07 +1.96 30.77 £0.99 31.75+1.06
TAA 90.28 + 2.84 88.15 + 3.95 65.03 +1.97 66.69 +2.00

Note: YEAA: essential amino acids; YSEAA: semi-essential amino acids; YNEAA: non-essential
amino acids; TAA: total content of 17 amino acids.
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Table 3. The amino acid composition (% of total amino acids) in the hepatopancreas of adult crabs
in the control, photovoltaic and freedom groups, respectively. The data are expressed as the means
+ SD. The different lowercase indicates significant difference between groups (p <0.05).

Tissue Amino Acids Male Female
Control Photovoltaic Control Photovoltaic
Thr 0.74£0.12 1.18 +0.23 0.61+0.14 0.71+£0.18
Val 0.86 £0.13 1.30+£0.22 0.55 +0.36 0.83+0.19
Ile 0.67 £0.10 1.03+0.18 0.56 £0.13 0.65+£0.17
Leu 1.15+0.19 1.82+0.32 1.03+0.24 1.18 £0.30
Tyr 0.59+0.12¢b 1.03+0.26 2 0.49+0.14 0.60 £0.15
Phe 0.78+£0.13 1.16 £ 0.20 0.67 £0.14 0.77£0.17
Met 0.08£0.09® 0.46 £ 0.08 2 0.13+0.14 0.31+0.11
Lys 0.96 £0.14 1.45+0.23 2.62+0.34 3.33+£0.39
Trp - - - -
YEAA 5.83 £ 1.02 942 +1.70 6.66 +1.41 8.35+1.56
Hepatopancreas Arg 1.03+0.11%" 1.59+0.27 2 1.30+0412 0.01+£0.01¢®
His 0.64 £ 0.08 0.85+£0.12 0.66 +£0.13 0.72+£0.12
Y>SEAA 7.55+0.33 741+0.24 6.10+£0.26 6.28 +0.13
Asp 1.37+0.25 2.15+£0.40 1.20+0.28 1.41+0.37
Ser 0.60 £ 0.11 1.00 £ 0.20 0.53+0.12 0.64£0.18
Glu 1.66 +0.28 2.74 £0.51 1.40+0.35 1.67£0.49
Ala 0.89£0.17 1.42 +0.22 0.72+0.17 0.86 £0.20
Cys 0.18£0.08%® 046+0.11a 0.23 £0.06 0.23 £0.08
Pro 0.83+£0.15¢® 1.22+0.152 0.88+£0.23 0.97 £0.29
Gly 0.90 £0.17 1.44 +0.27 0.72+£0.20 0.86 +£0.25
YNEAA 6.43 £1.20 10.44 +£1.82 5.57 £1.39 6.63 +1.83
TAA 13.93 £2.40 22.30+3.90 13.87 £3.26 15.73 £3.48
Note: Y EAA: essential amino acids; ) SEAA: semi-essential amino acids; Y NEAA: non-essential
amino acids; TAA: total content of 17 amino acids.
Table 4. The amino acid composition (% of total amino acids) in the testis and ovaries of adult crabs
in the control, photovoltaic and freedom groups, respectively. The data are expressed as the means
+ SD. The different lowercase indicates significant difference between groups (p <0.05).
] . . Male Female
Tissue  Amino Acids Control Photovoltaic Control Photovoltaic
Thr 5.62 +£0.36 5.75+0.42 244 +0.12 2.32+0.04
Val 2.40+0.18 2.22+0.17 2.82+£0.11 2.92 £0.06
Ile 2.84 +£0.28 2.95+0.28 2.13+£0.05 2.20£0.08
Leu 415+0.43 426 +0.34 3.58+0.13¢® 390+£0.112
Tyr 2.12+0.42 216 £0.19 2.13+0.06 2 1.41+0.07°
Phe 2.51+0.43 2.55+0.22 2.25+0.07 2.26 +0.07
Met 0.55+0.13 0.55+£0.05 1.35+0.042 0.95+0.23¢®
Lys 2.96 +0.29 2.88 £0.21 3.98£0.18 4.23 +£0.57
Gonads
Trp - - - -
YEAA 23.14 +2.08 23.31+1.18 20.69 + 0.66 20.18 +1.11
Arg 2.83+£0.27 2.71+0.12 457 £0.18 454 +0.10
His 4.71+£0.19 4.70+£0.23 1.53+0.08 b 1.74 +0.06 2
Y>SEAA 7.55+0.33 7.55+0.33 7.55+0.33 7.55+0.33
Asp 8.02 +£0.37 8.22 +0.45 4.04+0.16 3.99+0.16
Ser 2.98 +0.20 3.09+£0.13 2.62+£0.10 2.59 £ 0.06
Glu 8.83 £0.26 8.85+0.27 5.70 £0.27 5.52+£0.10
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Ala

Pro
Gly
>YNEAA
TAA

3.97£0.22 4.36 £0.31 2.18 £0.07 2.20+0.03

1.41+£0.21 1.60 £0.27 0.51+0.042 0.44 +0.07"
8.43+0.77 8.85+1.00 294+0.202 2.66+0.05°
231+0.13® 252+0.11= 2.07 £0.09 2.09+£0.03

35.96 +1.79 37.49+2.16 20.05+0.86 19.49 +0.35
66.65 + 3.91 68.21 + 3.27 46.84 +1.76 45.94 +1.58

Note: YEAA: essential amino acids; ) SEAA: semi-essential amino acids; Y NEAA: non-essential
amino acids; TAA: total content of 17 amino acids.

3.4. Fatty Acid Composition

In the male crabs” muscles, the C14:0, C18:0, C18:1n-9, C20:1n-9, C22:1n-9, Y MUFA,
and n-3/n-6 PUFA in the control group were significantly higher than in the PV group (p
< 0.05, Table 5). By contrast, the ) n-6 PUFA in the control group was significantly lower
than in the PV group (p < 0.05). In addition, the fatty acid composition in male crabs’
hepatopancreas changed greatly in this study. According to the results, the C14:0, C18:1n-
9, C20:1n-9, C20:3n-6, C22:5n-3, C22:6n-3 (DHA), and ) n-3 PUFA in the PV group
decreased significantly when compared with the control group (p < 0.05, Table 5). On the
contrary, the C20:0 and C22:0 in the control group were significantly lower than in the PV
group (p < 0.05). Therefore, we found that the PV panels have a significant effect on the
fatty composition of the male crabs’” muscles and hepatopancreas, mainly including the
saturated fatty acids (SFA), monounsaturated fatty acids (MUFA), and highly unsaturated
fatty acids (HUFA).

Table 5. Fatty acid composition (% total fatty acids) in muscle and hepatopancreas of male crabs in
the control, photovoltaic and freedom groups. The data are expressed as the means + SD. The
different lowercase indicates significant difference between groups (p < 0.05).

Fatty Acids Muscles Hepatopancreas
Control Photovoltaic Control Photovoltaic
C14:0 0.09+0.022 0.07+0.01" 0.78+0.052 0.60+0.10"
C15:0 0.10+0.03 0.09+0.01 0.38 £0.02 0.37 +0.07
C16:0 5.86+0.12 6.08 +0.35 10.66 = 0.29 11.00 £ 0.55
C17:0 0.45 £ 0.09 0.37 £0.02 0.70£0.10 0.63 £ 0.06
C18:0 499+043a 4.46+0.35° 2.67£0.17 2.24£0.37
C20:0 0.41 +0.09 0.40 £ 0.05 0.24+0.01" 0.45+0.07 2
C22:0 0.46 +0.10 0.50+0.03 0.22+0.05" 0.38+0.08
>'SFA 12.37 £0.52 11.97 £0.17 15.60 £ 0.26 15.74£0.22
Cl6:1n-7 1.79+0.33 1.90+0.77 8.37£0.91 7.96 £2.44
C17:1n-7 0.34 £ 0.08 0.28 £0.03 0.80 £ 0.08 0.78 £0.26
C18:1n-9 16.89 £0.97 2 1517 £0.73 " 29.58 +0.37 a 26.64+0.82°
C18:1n-7 2.54+0.054 1.79+£0.16® 1.53 £0.26 1.96 £ 0.18
C20:1n-9 094 +0.06 2 0.79+0.04 > 3.20+0.68a 2.26+0.27"
C22:1n-9 0.29+£0.092 0.05+0.02" 0.61 £ 0.07 0.82+0.04
Y>MUFA 22.67+1.342 20.02+£1.45% 44.08 £ 0.81 38.78 £4.26
C18:2n-6 (LA) 11.27 +2.30 13.53 +1.64 17.22+1.23 17.07 +3.59
C18:3n-3 (LNA) 1.74£0.22 2.26 +0.87 3.30 +0.52 2.51+0.87
C20:2n-6 2.75+£0.41 2.75+£0.19 1.81+0.28 243 +0.61
C20:3n-6 0.19 £0.05 0.21+£0.10 0.63+£0.204 0.37£0.03
C20:3n-3 0.92+0.37 1.03£0.18 0.73+0.20 0.80+0.15
C20:4n-6 (ARA) 9.07+2.30 10.07 £ 1.53 1.87 £0.36 2.16+0.94
C20:5n-3 (EPA) 18.69 +1.84 16.98 £ 1.51 2.30+1.61 1.61 £0.38
C22:5n-3 0.63 £ 0.09 0.71£0.05 0.72+0.14 4 0.46 £0.02°
C22:6n-3 (DHA) 15.11+0.96 14.88 + 0.85 3.70+0.352 2.02+0.15"
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Y PUFA 60.37 £1.37 62.42+1.59 32.35+0.80 30.22£2.74
> n-6 PUFA 23.28+0.40° 26.56+1.16 2 21.53+0.88 23.19+1.44
2> n-3 PUFA 37.09 £1.48 35.87 £1.59 10.82 +1.04 2 7.72+0.84°
n-3/n-6 PUFA 1.59 +0.08 2 1.35+0.10® 0.50 + 0.06 0.32+0.04
DHA/EPA 0.82+0.11 0.88 £ 0.05 1.61 +0.10 1.32 +0.38
Note: )'SFA: sum of saturated fatty acids; ) MUFA: sum of monounsaturated fatty acids; ) PUFA:
sum of polyunsaturated fatty acids; ) n-6 PUFA: sum of n-6 long-chain polyunsaturated fatty acids;
>n-3 PUFA: sum of n-3 long-chain polyunsaturated fatty acids; ) HUFA: sum of highly unsaturated
fatty acids; ) n-3 HUFA: sum of n-3 very long-chain polyunsaturated fatty acids; }'n-3 HUFA: sum
of n-3 very long-chain polyunsaturated fatty acids. n-3/n-6 PUFA: ratio of )'n-3 PUFA to }'n-6 PUFA;
DHA/EPA: ratio of C22:6n-3 to C20:5n-3.
As for the female crabs, we also analyzed the fatty acid composition of the muscles,
hepatopancreas, and ovaries. According to the results, we found that the C15:0 C20:4n-6
(ARA), and Y'n-6 PUFA of muscles in the control group are significantly lower than in the
PV group (p <0.05, Table 6). On the contrary, the C18:1n-9, ) MUFA, and n-3/n-6 PUFA of
muscles in the control group were significantly higher than in the PV group (p < 0.05). In
the hepatopancreas, we found that the C15:0, C17:0, C17:1n-7, C20:1n-9, and C20:2n-6 in
the PV group were significantly higher than in the control group (p < 0.05, Table 6).
However, the C20:3n-3 in the PV group was lower than in the control group (p < 0.05).
Finally, Table 6 exhibits the fatty acid composition of ovaries. The results showed that the
C17:1n-7, C20:1n-9, C22:0, LA, and C20:2n-6 in the PV group were significantly higher
than in the control group (p < 0.05). When compared with the male crabs, the effect of PV
panels on fatty acids was reduced in females.
Table 6. Fatty acid composition (% total fatty acids) in muscle and hepatopancreas of male crabs in
the control, photovoltaic and freedom groups. The data are expressed as the means + SD. The
different lowercase indicates significant difference among the three groups (p < 0.05).
. Muscles Hepatopancreas Ovaries
Fatty Acids Control Photovoltaic Control Photovoltaic Control Photovoltaic
C14:0 0.10+0.01 0.09 £ 0.01 0.79 £ 0.09 0.83 £0.09 0.41+0.05 0.39 £0.03
C15:0 0.09 £ 0.005 " 0.10£0.012 0.37 £0.06 0.51+0.092 0.20 £ 0.02 0.27 £0.05
C16:0 6.32+0.20 6.23+0.28 11.07 +0.67 11.26 +0.38 8.04+0.23 7.87 +0.45
C17:0 0.37 +0.05 0.43 +0.07 0.60+0.12" 093+0.312 0.33+0.10 0.37+0.04
C18:0 4.46 +0.06 430+0.25 2.02+0.41 225+0.25 2.86+0.34 2.69+0.16
C20:0 0.40 +0.05 0.39 £ 0.04 0.12£0.03" 0.11+0.01" 0.17 £0.03 " 0.18+0.05"
C22:0 0.46 + 0.09 0.52+0.10 0.21£0.03 0.33+0.08 0.07+0.01° 0.30+0.003 2
>.SFA 12.20£0.18 12.07 £ 0.30 15.33 £0.67 16.28 + 0.87 12.04 £ 0.25 11.99 £ 0.37
C16:1n-7 2.63+0.26 2.51+0.20 8.95+1.88 9.10+0.90 8.73+1.92 9.41 +0.65
C17:1n-7 0.33 +0.04 0.36 + 0.07 0.81+0.12" 1.03+0.17 2 0.62+0.07" 0.78 £0.08
C18:1n-9 1891+049>  17.18+1.19° 29.63 +0.62 27.07 £2.15 23.29 £1.63 23.41 +0.81
C18:1n-7 2.37 £0.06 222+0.21 2.07£0.17 1.99+0.22 290+0.242 2.80+0.262
C20:In-9 0.92+0.08 0.91+0.08 240+0.16" 291+042- 0.51+0.08" 1.18+0.122
C22:1n-9 0.05 £ 0.003 0.07 £ 0.01 0.51+0.10 0.43£0.13 0.13+0.02 0.15+0.03
>MUFA 2527+0.722  23.26+1.45" 43.28 £3.75 42.53 +2.84 36.29 + 3.57 37.59 £ 0.56
C18:2n-6 (LA) 1256 +0.51 12.76 + 0.87 17.27 +2.48 15.86 +1.76 14.74+0.33 < 16.38 +1.03 ®
C18:3n-3 (LNA) 1.70+0.23 1.94 +0.16 3.01+£0.35 2.77 £0.40 3.24+1.04 412+0.75
C20:2n-6 2.45+0.45 2.58 +0.29 2.06+0.16" 2.81+0.682 1.52+£0.04° 242 +0.752
C20:3n-6 0.15+0.02 0.17£0.35 0.45 £ 0.08 0.46 £0.11 0.24+0.03 0.31£0.10
C20:3n-3 0.77 £0.11 0.80 £0.10 0.76 £0.07 = 0.13+0.01" 0.73+0.18 0.93 £ 0.07
C20:4n-6 (ARA) 7.42+0.69° 8.73+£1.032 1.58 £0.17 1.66 + 0.55 4.47 +0.54 4.63+0.50
C20:5n-3 (EPA)  16.19 +0.62 16.24 + 0.46 1.84 +0.28 1.63 + 0.63 7.44 +1.40 722+1.17
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C22:5n-3 0.78 +0.05 0.84+0.14 0.54+0.04 0.45+0.11 0.77 £0.11 0.78 £0.11
C22:6n-3 (DHA) 14.47+1.44 13.68 £0.92 2.57+£0.23 2.38£0.51 6.45+1.21 5.55+0.85
> PUFA 56.49 +1.23 57.75+1.92 31.04+2.09 29.75+1.77 41.13 +2.06 42.34+1.93
>n-6 PUFA 22.58 £0.80 2425+1352 22.33 +2.58 21.09 £ 2.03 22.50+1.50 23.75+0.48
>n-3 PUFA 33.91+1.75 33.50+1.10 8.71+0.73 728 £1.46 18.64 +3.51 18.59 +1.87
n-3/n-6 PUFA 1.55£0.06 2 1.36 £ 0.06 ® 0.40 £ 0.07 0.34+0.04 0.84 +0.20 0.78 £ 0.08
DHA/EPA 0.89 £ 0.08 0.84 £ 0.05 1.41+0.16 142 +0.27 0.87£0.10 0.77 £0.05

Note: }'SFA: sum of saturated fatty acids; ) MUFA: sum of monounsaturated fatty acids; ) PUFA:
sum of polyunsaturated fatty acids; ) n-6 PUFA: sum of n-6 long-chain polyunsaturated fatty acids;
>'n-3 PUFA: sum of n-3 long-chain polyunsaturated fatty acids; ) HUFA: sum of highly unsaturated
fatty acids; }:n-3 HUFA: sum of n-3 very long-chain polyunsaturated fatty acids; }n-3 HUFA: sum
of n-3 very long-chain polyunsaturated fatty acids. n-3/n-6 PUFA: ratio of }'n-3 PUFA to }'n-6 PUFA;
DHA/EPA: ratio of C22:6n-3 to C20:5n-3.

3.5. Hepatopancreas and Ovarian Color

According to the results, the a* and b* of female crabs’ hepatopancreas (wet) in the
PV group were significantly lower than in the control group (p <0.05, Table 7). Therefore,
the PV panels might affect the yellow and red of the female crabs’ hepatopancreas.
However, the L* and b* of ovaries (dry) in the photovoltaic group were higher than in the
control group (p < 0.05, Table 7, Figure 3). Therefore, the PV panels could improve the
brightness and yellow color of the ovaries in this study.

ﬂ;;;";A) Control

Figure 3. The ovaries of control group (A) and photovoltaic group (B) were photographed after
freeze drying at the final sampling point (16 November 2019).

Table 7. The hepatopancreas and ovary coloration of adult Eriocheir sinensis. The data are expressed
as the means + SD. The different lowercase indicates significant difference among the three groups

(p <0.05).
Sex Samples Items Control Photovoltaic
L* 53.55 + 0.47 52.03+2.13
Hepa’:‘f;?“eas a* 2298 +2.27 24.63 +4.29
Male b* 53.39 +1.55 53.92 +2.15
L* 39.04+1.92 38.77+1.67
Hepat(‘;f;‘creas a* 2043+22 21.79 +1.49
b* 3233 +6.31 32.28+2.97
L* 53.55+2.32 53.28 + 3.4
Female Hepatopancreas a* 24.35+2.032 21.64+0.85"
(wet)
b* 5292 +0.54 48.08+2.65°
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Hepatopancreas L* 3717 +1.71 36.33 £ 1.41
(dry) a* 18.27 +1.88 18.89 +2.21

b* 30.45 +2.83 30.07 £2.20

L* 62.13+1.55¢® 64.41+1.132

Ovaries (dry) a* 29.61 +0.79 28.19 +1.45
b* 50.35 +1.92 51.33 +2.05

Note: L* represents the luminance value from 0 (black) to 100 (white); a* represents the color
saturation of red and green axes, where —a* is green and +a* is red; b* represents the color saturation
of blue and yellow axes, where —b* is blue and +b* is yellow.

4. Discussion

According to our results, the PV panels promoted the growth of E. sinensis, especially
the male crabs. Not coincidentally, Wang et al. (2022) reported that the FPV systems
significantly improve the production of M. rosenbergii, O. niloticus, and C. chanos.
Moreover, another research also suggested that PV panels do not affect the growth of fish
(Pelteobagrus fulvidraco), and the proportion of 75% panels can increase fish production
compared with the unshaded areas [7]. Therefore, the aquavoltaic system has been proved
to be beneficial to the increase of aquaculture production. The demand for light from
aquatic animals is generally not high. For example, light (500 lux) lasting for 8 h could
significantly improve the survival rate of larval fish (Argyrosomus regius) rather than
stronger light lasting longer [29]. As for crustaceans, most of them are active at night [30].
Not only that, Li et al. (2020a) also confirmed that S. paramamosain has a higher survival
under low light (1.43 pmol.m2s1, white LED lights). According to our published data,
the average underwater light intensity of the photovoltaic group during the daytime is
3255 + 124 lux in this study [24]. Therefore, the light intensity under the PV panels could
meet the regular needs of E. sinensis. In addition, the optimum growth temperature of E.
sinensis is generally 22-28 °C [31]. However, the water temperature in summer is often
higher than 30 °C. In this study, the water temperature of the photovoltaic group was
significantly lower than that of the control group [24]. That was very helpful for crabs to
survive the hot summer season and might also be one of the reasons why the PV panel
area is conducive to the growth of crabs. Moreover, the average OD in the PV area was
more than 5 mg/L in this study [24]. Generally, OD more significant than 3 mg/L can meet
the average growth of E. sinensis [32]. According to this research, we suggested that the
PV panels system can keep the regular needs of OD in the ponds culture of the crabs, and
the PV panels could improve the animal growth in this study.

We should not only pay attention to the growth of crabs but also focus on whether
the PV panels system affects the nutritional composition of edible tissues. A previous
study reported that temperature is the strongest influencing factor that affects the fat (R =
0.73; p <0.001) and moisture (R =-0.73; p <0.001) of rainbow trout (Oncorhynchus mykiss)
[33]. It could be seen that the temperature has a negative correlation with body moisture
and a positive correlation with fat. In our study, the water temperature in the PV group
was significantly lower than in the control group [24]. According to our results, the
moisture of muscles, hepatopancreas, and testes in the PV group significantly increased
compared with the control group (Table 1). At the same time, the total lipids of the
hepatopancreas and muscles in the PV group significantly decreased. Therefore, we
suggested that the PV panels affected the water temperature and then regulated the
tissues” moisture and total lipids. On the other hand, the light intensity could have
induced an increase in triacylglycerols to avoid photochemical damage [34]. Thus, the
increase in total lipid might reduce cell damage in the control group. In addition, Giiroy
etal., (2011) suggested that much of the energy requirement of fish during starvation was
satisfied from the fat or protein reserves [35]. As we described in the previous paragraph
that the crabs living in the PV group have a larger physique. Therefore, the lipids of the
hepatopancreas and muscles might be more used to support body development in the PV
group. In addition, we also found that the ash can be affected by the PV panels. However,
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there was no regular change in different groups. We needed further to explore the
mechanism of the effect of light shading on the ash and other proximate compositions in
the crabs.

This study found a significant difference in amino acid composition between males
and females. This gender difference was also reflected in the growth performance as
described in Section 3.1. So far, there was no evidence that light intensity can lead to
gender differences in animal growth and amino acid composition. However, a study has
shown that high water temperature can accelerate the sexual maturation of
hermaphrodite compared with male shrimp (Eulimnadia braueriana Ishikawa) [36]. In
aquaculture, earlier sexual maturity is not conducive to individual growth [37,38]. From
our results, the water temperature in the control group was significantly higher than in
the PV group. Therefore, we conjectured that the effect of PV panels on the growth
performance of different sexes may be related to the water temperature. In addition, there
was also evidence suggesting that the hepatopancreas and gonads of male and female E.
sinensis have different developmental states in the same periods. For example, the GSI and
gonad-hepatopancreas index (100 x Gonad wet weight/Hepatopancreas wet weight) of
male E. sinensis was significantly higher than the female in August-September but lower
in October-November [39]. Therefore, the difference in amino acid composition between
males and females might be related to the developmental state of crabs at the sampling
point (16 November) in this study. In fact, the amino acid composition in the freedom
group has a significant difference compared with the control group or PV group (Tables
2-4). According to a report, the Arg, Leu, Met, Pro, and Gly could be influenced by the
change of light intensity in giant clams (Tridacna crocea) [19]. Li et al. (2020) confirmed that
the light promoted the biosynthesis of Cys in S. paramamosain, and previous studies also
suggested that the photoperiod can regulate the content of Tyr in the Malaysian red tilapia
and His in the shrimp (Branchinecta orientalis) [40,41]. Our results also showed that the PV
panels affected the content of eight amino acids in different tissues of E. sinensis compared
with the control group, including Met, Arg, Cys, Pro, Gly, Leu, Tyr, and His. Among these
amino acids, the Gly content in the PV group increased in almost all tissues. As we know,
Gly is a generally recognized sweet substance and can mask bitter flavors and saltiness
[42,43]. The content of )EAA, YSEAA, Y NEAA, and TAA had no significant difference
between the control and the PV groups. Therefore, our results indicated that the PV panels
have little effect on the total amino acid nutrition of E. sinensis and can even improve the
flavor of edible tissues.

In addition, the light intensity and water temperature also can affect the fatty acid
composition in animals [44,45]. A previous study suggested that organism exposure to
overheated water can promote the ) MUFA content [46]. In this study, the ) MUFA in
male and female muscles also significantly increased without the PV panels. The theory
of homeoviscous adaptation suggests that a lower temperature means a greater degree of
unsaturation of lipid [47,48], but this theory is still debated [49]. The effect of
environmental temperature on fatty-acid unsaturation may be influenced by the different
animal species and tissues [50]. The lack of significant change in Y PUFA between the
control and PV groups seemed to confirm this point. However, the n-3/n-6 PUFA ratio of
muscle in the PV group was lower than in the control group. Speers-Roesch et al. (2008)
confirmed that the n-3/n-6 ratios in tropical marine elasmobranchs are significantly higher
than in the temperate marine elasmobranchs [51]. At the same time, the decrease of DHA
and EPA in hepatopancreases resulted in the reduction of the DHA/EPA ratio in the PV
group. Miliou et al., 2006 also observed that EPA and DHA decrease with increasing body
weight at the low temperature. It is not unique, the growth performance of E. sinensis in
the PV group was also better than in the control group (Figure 1). Therefore, the decreases
in DHA and EPA observed in the PV group might reflect higher demand for EPA and
DHA at a lower temperature for membrane synthesis of faster crabs rather than the
response for maintaining membrane permeability and plasticity [50]. Generally, an
increase in human dietary n-3/n-6 PUFA is beneficial to prevent coronary heart disease
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[52,53]. Therefore, the PV panels reduced the nutritional value of E. sinensis to a certain
extent.

In crustaceans, the coloration is related to the various carotenoids [54]. According to
a report, light intensity can affect carotenoid distribution through hormone regulation
[55]. For example, the low light level (250-500 lux) has the highest carotenoid level and
brighter skin color in marine smoke angelfish (Apolemichthys xanthurus) compared with
the high light level (750-1000 or 1500-2000 lux) [56]. In addition, Pavlidis et al. (2008)
proved that the low light intensity induced an increase in skin brightness of red porgy
(Pagrus pagrus). They suggested that the change in skin color is related to melanophore
motility and/or skin melanin concentration [57]. Our study also found that the ovaries
(dry) color in the PV group is significantly brighter than in the control group. Therefore,
the low light level might be related to the brightness of animals by regulating the
carotenoid levels and melanin levels. However, the red (a*) and yellow (b*) color of female
crabs’ hepatopancreas (wet) in the control group was lower than in the PV group (Table
7). According to reports, the carotenoid pigment levels were increased at a higher water
temperature in European catfish (Silurus glanis) and Atlantic salmon (Salmo salar), and
then the coloration of the fish fillets had a more intense increase [58,59]. Therefore, the
intense yellow and red color of the hepatopancreas might be related to the higher water
temperature in the control group.

5. Conclusions

In this study, we explored the feasibility of integrating PV power generation and E.
sinensis culturing in a pond for the first time. The results showed that culturing under PV
panels could promote the growth performance of the crabs and amino acid nutrition in
edible tissues. However, the PV panels had a few negative influences on the fatty acid
composition and tissue color. We suggest that there is a need to improve the mode of E.
sinensis culturing under PV panels to improve the nutritional value of crabs in the
aquavoltaic system.
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