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Abstract: This study addressed the effects of adding citrus peel (CP) and Ecklonia cava disuse
extract (ECD) in the diet of abalones, which are a highly utilized marine species in Korea. As
interest in abalone farming is increasing around the fishing community, the installation of land
tanks and fish farms on the southern coast and Jeju Island in South Korea is spreading remarkably.
In order to create the best opportunities for survival and reproduction, immunity to disease, and
growth potential of abalones, we must consider the diet implemented in abalone farming. The
survival rate of abalone has shown positive results when their diet is supplemented with CP and
ECD. Our research also concluded that the addition of ECD may have a significant effect on the
abalone growth and physiology.
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1. Introduction

As interest in abalone marine life has increased, means of catching and storing them
have also become significantly more common along the southern coast of South Korea
[1]. Abalone (H. discus) is rich in protein and taurine, so it has benefits when used in skin
care, postpartum cooking, fatigue recovery, and in the prevention of myocardial
infarction.

Making a suitable environment for abalone is the most important consideration. An
ideal environment can potentially aid in growth and their ability to fight off disease. For
these benefits, the feeding supply should also be considered. Unlike the environment
and the sources of diseases, which cannot be controlled totally at the farm, diets are
under full control.

In particular, diet is an important factor that accounts for more than half of the
operating costs of aquaculture [2]. It is one of the more important factors that can be
modified artificially.

Raw seaweed and raw kelp are supplied as food in abalone aquaculture. The
supply of these natural foods is not only unstable, depending on the crop conditions,
but the price fluctuations are also severe and the effect on growth is reported to be lower
than that of nurtured feeds [3-6]. Accordingly, some studies on the development of
abalone feed have already been carried out in some countries such as Australia, China,
Japan, Chile [7-11]. These researchers aim to develop economically blended feeds
suitable for the domestic aquacultural situation. Citrus peel, which is produced in the
citrus agriculture industry—a major primary industry in Jeju Island, is a byproduct
generated after processing citrus fruits. It is a great financial burden for the agricultural
households of Jeju because it costs a lot to dispose of citrus peel.
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Citrus fruits are known to contain various flavonoid compounds, which are
polyphenols, such as naringin, hesperidin, naringenin, hesperetin, nobiletin, and
tangeretin; thus, they have good physiological activity [12,13]. It has also been reported
that citrus peel, a byproduct of citrus fruits, contain a large amount of flavonoids and
thus have antioxidant activity. Research to extract these functional substances is being
actively conducted [14].

In addition, Ecklonia cava is a perennial brown algae belonging to the taxonomic
rank Phaeophyta, Phaeophyceae, Laminariales, Laminariaceae. It is one of the largest
seaweed species in Korea, along with other members of the genus Ecklonia. As
phlorotannin is known to have excellent antioxidant, antihypertensive, antithrombotic,
and anticancer properties, it is emerging as an important ingredient in the “health food”
and pharmaceutical industries [15,16].

However, because the Ecklonia stalk, which accounts for approximately 25% of
Ecklonia cava weight, is discarded without being used as a processing byproduct, a
method of utilization is required. Because polyphenolic substances have been reported
to impart high antioxidant activity in the stems of Ecklonia cava [17], we expect the use of
Ecklonia byproducts in the feed of abalones, which contain seaweed, to create new added
value as well as aid environmental preservation.

Therefore, this study was conducted to evaluate the effects of citrus fruit and
Ecklonia byproducts, on growth and salinity stress, as additives for abalone blended
feed, which is a major aquaculture target species in Korea.

2. Materials and Methods
2.1. Experimental Materials and Breeding Management

The abalone (H. discus) used in the experiment was purchased and used at a private
marine life farm near Jeju City, Jeju Province. Individual abalones with an average
length of 3.8 + 0.2 cm, a width of 2.5 + 0.2 cm, and a weight of 6.4 + 0.1 g were used. The
experimental abalones were bred at 18 + 0.3 °C for one week beforehand, and after they
were acclimatized, bred in a tank with a circulatory filtration system. At this time, the
salinity was maintained at approximately 33.5 psu and air was supplied by putting a
shelter through a PVC pipe that was cut vertically (# 20 cm, L 20 cm). During the
preliminary breeding period, raw seaweed, weighing 2% of the abalone weight, was put
in the tank as a food source and 80 abalones were placed in each tank.

2.2. Production of Feed for Abalones

In this breeding experiment, a total of four types of feed were prepared and each
experimental group had three replicates. Casein was used as the main protein source,
and fish oil and soybean were used as the dextrin lipid sources. The amount of
carbohydrate sources was controlled using oil, and wheat flour was added to control the
change in carbohydrates that occurred because of the citrus peel (CP) and the fermented
Ecklonia cava disuse extract (ECD). For the test feed, the test feed was added so that the
concentration of CP and ECD was 6% and mixed at a ratio of 1:1. The composition of the
experimental feed is shown in Table 1.

Table 1. Ingredients (%) of the experimental diets.

Experimental Diets (%)

Ingredients
CP (Citrus Peel)
ECD (Ecklonia cava disuse)

Fish meal
Dextrin

Wheat flour

Control CP ECD ECD + CP
6 3
6 3
15.5 15.5 15.5 15.5
25 25 25 25
6.5 0.5 0.5 0.5
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Casein 20 20 20 20
Sodium alginate 23 23 23 23
Mineral 4 4 4 4
Vitamin 2 2 2 2
Choline 0.5 0.5 0.5 0.5
Soybean oil 1.5 1.5 1.5 1.5
Fish oil 2 2 2 2
Total 100.0 100.0 100.0 100.0
Proximate analysis (%)
Crude protein 28.8 28.8 28.5 28.6
Crude lipid 1.47 2.22 1.77 1.99
Crude carbohydrate 497 5.72 5.27 5.49

2.3. Survival Rate and Growth Rate Measurement Experiment According to Feed

To measure the survival rates, abalones that naturally died at weeks 0, 1, 2, 3, 4, 8,
and 12 were recorded in a timely manner. The dead abalones that were not attached to
the shelter or tank wall were counted. Subjects that did not respond even when their feet
and tentacles were stimulated with a glass rod were considered dead. In addition, to
measure the growth of the abalones, we measured their change in size immediately after
the start of the experiment, and on the 4th, 8th, and 12th weeks. A digit caliper (0.01
mm) was used for the shell length and shell width (Figure 1), and a mobile scale (0.01 g)
was used for the weight. Following the addition of ECD and CP to the abalone diet, the
differences in growth were then compared and analyzed.

Shell Length

N
A\

Shell Breadth

Figure 1. Abalone growth size measurement (sourced by the Author).

2.4. Physiological Changes According to Rapid Low-Salinity Stress

To determine the physiological changes in abalone due to rapid low-salinity stress,
according to the difference in feed, 50 abalones were randomly selected from each
experimental group, bred for 12 weeks, while the saline concentration was changed to 25
psu from 33 psu of normal seawater. The physiological changes under low-salinity stress

were confirmed by examining the survival rate, respiratory burst, and phenoloxidase
activity at 0, 3, 6, 12, 24, and 48 h.
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2.5. Statistics

Statistical analysis was performed using one-way analysis of variance (ANOVA),
followed by post-hoc t-tests, using the IBM SPSS 22 statistical program. Statistical
significance was set at a significance level of 0.05 and the experiments were performed in
triplicate. Additionally, we checked the normality test results.

3. Results and Discussion
3.1. Changes in Survival Rate According to Feed

The range of change in survival rate according to feed was not large. An individual
abalone survived 2 weeks and naturally died on the 3rd week in the control experimental
group. At 8 weeks, an individual died in the CP + ECD experimental group, and at 12
weeks, an additional individual died in the control experimental group. In the
experimental group where CP and ECD were added alone, no deaths occurred. Thus,
compared to the control group, the test group fed both CP and ECD showed a higher
survival rate (Table 2).

It is known that CP and ECD contain large amounts of phenols and other functional
ingredients with antioxidant functions [12,13,16]. These functional substances are known
to have very high antioxidant properties, including anti-inflammatory properties [18,19],
and the high survival rate shown in this study is small.

Table 2. Effect of dietary citrus pomace (CP) and Ecklonia cava disuse (ECD) on survival rate (%) of
abalone (H. discus).

Diets Week
0 1 2 3 4 8 12
Control 100 100 100 94 94 94 92
CP 100 100 100 100 100 100 100
ECD 100 100 100 100 100 100 100
CP + ECD 100 100 100 100 100 98 98

3.2. Changes in Growth Depending on Feed

As illustrated in Figure 1, our research team measured the growth of shell breadth
and shell length of abalones, caused by the feeding additives. Suspecting the addition of
CP and ECD to the abalone diet would influence growth, an analysis of the size change
at 12 weeks was performed. This analysis showed abalone lengths of 39.18 + 0.21 mm in
the control group, 38.91 + 0.21 mm as the minimum value in the CP test group, and 39.99
£ 0.19 mm as the maximum value in the ECD test group. Meanwhile, the CP + ECD
experimental group’s lengths were recorded as 39.74 = 0.29 mm (Figure 2A). It was
confirmed that the growth slowed after four weeks in the control and CP experimental
groups, but the ECD and CP + ECD experimental groups showed sustained growth that
was significantly faster than that seen in the control (Figure 2A, p <0.05).



J. Mar. Sci. Eng. 2021, 9, 707

5 of 11

—4o—Control —@=CP =#—ECD ===CP+ECD

w
Vo)
1

38.5

Shelllength (mm)

w
o]
L

37.5 -

37

27.5 4 (B)
27 A

26.5

N
[=2]
1

25.5 A

Shell breadth (mm)

N
w
1

24.5

24 T T T

Weight (g)
(e}
(9,

Week

Figure 2. Variations in the growth of abalone (H. discus) after feeding the experimental diets
supplemented with CP (6%), ECD (6%), and CP + ECD (3% + 3%) for three months (twelve weeks).
(A) Shell length, (B) shell breadth, (C) total weight. Vertical bars in the figure show the SE of the
means from three experimentations. * p < 0.05 for each control.

Nevertheless, the ECD alone test group showed the maximum value compared to
the experimental group. When compared to other groups, the shell breadth at the 12th
week showed a maximum value of 26.97 + 0.36 mm in the ECD test group. In the CP test
group, the minimum value was 25.65 + 0.30 mm. This result illustrated the rapid growth
of the shell breadth, but there was no significant difference (Figure 2B, p > 0.05). As a
result of this experiment with our abalone samples, we could conclude the shell breadth
of the abalones grows to 75% compared to the shell length.
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In the case of the total weight of the abalone, it was 7.66 + 0.30 g in the CP + ECD
experimental group and 7.20 + 0.35 g in the ECD experimental group at 12 weeks, which
was the end of the experiment. This shows a value higher than the 7.15 g seen in the
control group, but there was no significant difference between these values.

Adding more ECD, we observed a higher growth rate of the abalone. However,
when more CP was added, there was no significant difference when compared to the
control group. Rather, the values indicate that the higher the CP content, the more likely
it is that it will not positively affect growth. In the case of ECD, fiber, inorganic
substances, and functional phenols are abundant in seaweed. Even if the algae content
was high, the algae-eating abalone did not have a significant response in growth.
Nevertheless, because CP increased the survival rate, we may consider having potential
as a useful ingredient for abalone general feed.

In addition, if research on CP’s beneficial properties proceeds, we could estimate
that CP, considered merely waste in the Jeju area, will play a big role in creating
newfound value, as well as preserving the environment. Therefore, in this study, the
functions of CP and ECD were studied after stress was imposed on the abalone to study
their potential benefits.

3.3. Changes in Survival Rates Induced by Low-Salinity Stress

As a result of the previous study, it was found that a single supply of ECD has an
effect on the survival rate and growth (Figure 2 and Table 3). In order to determine
whether the effects of CP and ECD are related to the increase in immunity, changes in
the survival rate, antioxidant enzyme activity (SOD: superoxide dismutase and CAT:
catalase), lysozyme activity, respiratory burst activity, and phenoloxidase activity were
analyzed after artificially lowering the salinity concentration. Following the
experimental testing-feed injection, there were abalones in all experimental groups that
died 48 h after the salinity rapidly changed.

Table 3. Survival rate (%) of the abalone (H. discus) exposed to acute water-salinity stress for 48 h
after feeding on the experimental diets supplemented with CP (6%), ECD (6%), and CP + ECD (3%
+3%) for 12 weeks.

Diets Time (h)
0 3 6 12 24 48
Control 100 100 100 100 100 74.1
cr 100 100 100 100 100 88.9
ECD 100 100 100 100 100 96.3
CP+ECD 100 100 100 100 100 70.4

In particular, the CP + ECD test group and the control group showed low survival
rates of 70.4% and 74.1%, respectively (Table 3). However, in the experimental group
that was administered CP and ECD alone, survival rates of 88.9% and 96.3%,
respectively, were shown, which held a higher survival rate than the control group
(Table 3).

In the case of SOD, the change in antioxidant enzyme activity did not show a
significant difference in all experimental groups 48 h after the application of low-salinity
stress (Figure 3A). However, regarding CAT, the ECD-only-supplied group,
CP-only-supplied group, and the CP + ECD-supplied group showed high values (Figure
3B).

In the case of SOD and CAT, when raising abalone in low salinity, the levels are
reported to increase [19]; the results of this experiment also showed an increase in the
level of CAT. However, in the case of ECD, it is assumed that the low level is maintained
by suppressing the production of free oxygen radicals that are normally triggered by
external stress. The survival rate is assumed to have increased accordingly.
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Figure 3. Effect of acute water-salinity stress for 48 h on the change of superoxide dismutase (SOD)
(A) and catalase (CAT) levels (B) in the abalone (H. discus). This was assessed after they were fed
on the experimental diets supplemented with CP (6%), ECD (6%), and CP + ECD (3% + 3%) for 12
weeks. Vertical bars represent the SE of the means of three experiments. * p < 0.05 for the control
level at 48 h.

Lysozyme activity was also lowered by the low-salinity stimulation, but the
pre-stress level was maintained only in the experimental group fed with ECD alone
(Figure 4). These results also indicate that it is highly likely that the survival of abalone
was affected by a factor similarly affecting the activity of CAT, which is changed by the
response action. However, respiratory burst activity increases when phagocytic cells are
either engaged in phagocytosis or when they are stimulated by other means. These
conditions increase oxygen consumption and cause the release of large amounts of
oxygen radicals (ROIs: Oz, OH;, H20z) [20]. We have found that this process can play a
quite important role in killing pathogens.
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Figure 4. Effect of acute water-salinity stress for 48 h on the activity of lysozyme in the abalone (H.
discus) after feeding on the experimental diets supplemented with CP (6%), ECD (6%), and CP +
ECD (3% + 3%) for 12 weeks. Vertical bars represent the SE of the means of three experiments. *p <
0.05 for control level at 48 h.

As a result of this experiment, we confirmed that the respiratory burst activity in
the control group significantly increased at 48 h compared to at 0 h and no significant
change was observed in the other experimental groups (Figure 5). In low salinity, it was
reported that the abalone respiratory burst activity remains almost unchanged [21], but
the results of this study showed significantly higher values in the control group (Figure
5).

Because CP’s and ECD’s anti-inflammatory and antioxidant functions are already
well known [12,13,22], it can be cautiously assumed that they may be responsible for
maintaining a certain level of resistance to pathogens during the pre-immunological
phase of the abalone, as this study’s results suggest.

Our research team assumes that the polyphenol substances in CP and ECD contain
phlorotannin and flavonoid compounds. If this is the case, it can be inferred that the
abalones built a tolerance to certain pathogens. This tolerance allows the abalones to
maintain homeostasis when exposed to the pathogens. Therefore, based on the results of
this study, further pathogenicity experimental research will be required to draw
empirical conclusions that can contribute to the abalone industry.
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Figure 5. Effect of acute water-salinity stress for 48 h on respiratory burst activity in the abalone
(H. discus) after feeding on the experimental diets supplemented with CP (6%), ECD (6%), and CP
+ECD (3% + 3%) for 12 weeks. Vertical bars represent the SE of the means of three experiments. * p
< 0.05 for control level at 48 h.

The immune system of invertebrates is mainly an innate immune system.
Phenoloxidase is known to be activated, in the form of pro-phenoloxidase, by bacteria
and other microorganisms in the body [23]. Phenoloxidase activity significantly
decreased at 48 h compared to 0 h in the CP experimental group. Furthermore, it was
confirmed that the ECD-only group had a higher value than that of the control (Figure
6).

Summarizing the above-mentioned results, our research team found that CP and
ECD feeding showed significant effects on the survival rate. However, ECD showed the
most significant effect in the growth and physiology of the abalones. In particular, the
experimental group only supplied with ECD showed significantly better results than the
other experimental groups in CAT, lysozyme, and phenoloxidase activity; thus it is
considered that feeding abalone using Ecklonia can be highly useful. The biological
effects of citrus fruit are somewhat inferior to Ecklonia, but it showed a meaningful result
in the aspect of the survival rate in our study.

In summary, supplying both CP and ECD in the abalone diet showed positive
results, but ECD alone showed remarkably good effects on growth in the experimental
group. In particular, CAT, lysozyme, and phenoloxidase activity had the best results in
the experimental group where only ECD was added. We determine that incorporating
feed with the potential to maximize growth and resistance can be extremely useful for
abalone aquaculture farming. However, in order to further support these results, further
research is needed when abalones are exposed to higher water temperatures in their
natural habitats, which reach up to 30 degrees Celsius in the summer.
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Figure 6. Effect of acute water-salinity stress for 48 h on phenoloxidase activity in abalone (H.
discus) after feeding on the experimental diets supplemented with CP (6%), ECD (6%), and CP +
ECD (3% + 3%) for 12 weeks. Vertical bars represent the SE of the means of three experiments. * p <
0.05 for control level at 48 h.

4. Conclusions

Our research team analyzed how incorporating CP and ECD into the abalone diet,
while they were exposed to a low-salinity environment, affected the abalone growth and
immune response. Results indicated that the experimental group whose feed was
supplemented with only ECD had the most significant effects on growth and immunity.
Based on the results of this study, further studies on high water temperature stress are
needed in the future.
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