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Abstract This study evaluated the red alga Gracilaria
lemaneiformis and brown alga Sargassum horneri as ingredi-
ents to partially replace fishmeal in diets for white spotted snap-
per Lutjanus stellatus Akazaki (initial mass 12.0 + 0.1 g). Nine
test diets containing 0 (control), 5, 10, 15, and 20%
G. lemaneiformis or S. horneri were prepared; each diet was
assigned to triplicate groups of fish in a total of 27 floating sea
cages (each cage contained 30 fish). After a 60-day feeding
trail, significantly lower final body weight, weight gain, and
specific growth ratio were found in fish fed 20%
G. lemaneiformis diet (P < 0.05), whereas the poorest fish
growth performance was obtained with the 20% S. horneri diet.
Lipid content in muscle of fish fed 20% G. lemaneiformis diet
was significantly lower than that of other groups (P < 0.05);
however, body protein was higher than that in other groups. The
lowest lipid and moisture contents in muscle were recorded in
fish fed 5 and 15% S. horneri diets, and protein content in
whole body of fish fed 20% S. horneri diet was significantly
lower than that of control and 5% diets (P < 0.05). Activities of
pepsin in the stomach and lipase and amylase in the intestine
were significantly suppressed in fish fed 20% G. lemaneiformis
diet compared with that of control (P < 0.05). The lowest pepsin
activity in stomach and lipase activity in intestine were ob-
served in fish fed 20% S. horneri diet. Based on a quadratic
regression model of weight gain, the results suggested that the
maximum incorporation of G. lemaneiformis and S. horneri in
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diets should be 16.44 and 15%, respectively, for juvenile white
spotted snapper.
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Introduction

Fishmeal (FM) is known to be the best protein source in
aquafeeds due to its high content of essential amino acids,
fatty acids, high digestibility, and low levels of antinutritional
factors. The increasing demand for FM accompanied by short-
age in global supply has resulted in escalating FM prices dur-
ing the past few years (Tacon et al. 2012). Therefore, intensive
efforts have been made to maximize the use of available and
less costly feed-grade ingredient protein sources to replace
FM for aquaculture feed production (Hardy 2010; Borquez
et al. 2011; Tacon et al. 2011).

Marine macro-algae are rich in proteins, dietary fibers,
minerals, vitamins, antioxidants, phytochemicals, and polyun-
saturated fatty acids, but are low in caloric value (Mohamed
et al. 2012). Macro-algae have been harvested for many cen-
turies for their nutritional and mineral content as part of human
and animal food or for the functional properties of their poly-
saccharides (Fleurence 1999). Nakagawa et al. (1984) report-
ed that physiological conditions of black sea bream
Acanthopagrus schlegelii were effectively improved by 10%
Ulva pertusa supplementary in diets. Several studies have
evaluated the incorporation of various seaweed species in
aquafeeds, such as Monostroma nitidum (Amano and Noda
1985), Undaria pinnatifida, and Ascophyllum nodosum (Yone
et al. 1986); Porphyra (Davies et al. 1997); Ulva (Nakagawa
et al. 1987; Wassef et al. 2001; Zhu et al. 2016); Sargassum
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spp. (Casas-Valdez et al. 2006); Gracilaria bursa-pastoris,
G. cornea, and Ulva rigida (Valente et al. 2006); Palmaria
palmata (Wan et al. 2016); and Gracilaria and Alaria (Peixoto
et al. 2017). Most of these studies reported promising results
for the use of seaweed as partial replacement of fishmeal or
protein hydrolisate in aquafeeds.

Gracilaria lemaneiformis is a common alga in tropical and
subtropical waters. In the twentieth century, the increasing
food demand has led to a rapid growth of the seaweed culti-
vation and industry in China (Fei et al. 1999). Large-scale
cultivation of G. lemaneiformis has been encouraged in
Chinese coastal waters in order to meet the demand of the agar
industry and the feed of abalone culture industry (Fei et al.
1999). The contents of protein, carbohydrate, and crude fiber
of dry weight (DW) of G. lemaneiformis cultivated in Shenao
Bay, Nanao Island, are 19.1, 43.76, and 4.8%, respectively
(Yu et al. 2006).

Sargassum horneri is an annual brown alga with a wide
distribution ranging from the coast of Japan to the East and
South China Sea, and crossing from mid-littoral to sublittoral
zones (Hu et al. 2011). Sargassum horneri is rich in protein
(22.38%, DW), carbohydrate (20%, DW) (Hossain et al.
2003), and lipid (0.47-1.43%, DW) (Nomura et al. 2013).

White spotted snapper, Lutjanus stellatus Akazaki, is a
marine carnivore widely cultured in temperate West Pacific
ranging from southern Japan to Taiwan and to the vicinity of
Hong Kong because of its high economic value (Akazaki
1983; Shao et al. 2008). The inclusion of Ulva lactuca in diet
for white-spotted snapper has been reported (Zhu et al. 2016);
however, the inclusion of G. lemaneiformis and S. horneri in
diet has not been studied.

The primary objective of this study was to evaluate the
effects of using G. lemaneiformis and S. horneri as feed in-
gredients to partially replace fishmeal in diets for juvenile
white spotted snapper. In the present study, growth perfor-
mance, body composition, and activities of enzymes of the
fish fed diets containing various levels of G. lemaneiformis
and S. horneri were assessed.

Materials and methods
Experimental diets

Fresh G. lemaneiformis and S. horneri were obtained from
Shenao Bay, Nanao Island, Marine Biology Station of
Shantou University, Guangdong province, China. After being
washed in seawater, the algae were sun-dried and further dried
for 5 h at 60 °C, and then finely ground into powder using a
laboratory mill. Other dietary ingredients were purchased
from Yuequn feed company, Jieyang, Guangdong province,
China. Proximate composition of major dietary ingredients is
shown in Table 1.
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Table 1  Proximate composition of dried fish meal, G. lemaneiformis,
S. horneri, and soybean meal (%, dry matter)

Ingredients DM Cp CL Ash NFE
GLM* 87.22 19.13 0.54 19.74 60.59
SHM® 88.43 17.03 0.41 20.12 62.44
Fish meal® 93.63 69.25 8.92 13.14 8.69

Soybean meal® 90.35 43.52 1.36 5.74 49.38

DM dry matter, CP crude protein, CL crude lipid, NFE nitrogen-free
extract = 100 — (CP + CL + ash)

*GLM, G. lemaneiformis meal, Shenao Bay, Guangdong Province,
China

®SHM, 8. horneri meal, Shenao Bay, Guangdong Province, China
¢ Yuequn feed company, Jieyang, Guangdong Province, China

The experimental diets with isonitrogenous (42% crude pro-
tein) and isolipid (8.7% crude lipid) were formulated (Table 2).
A total of nine experimental diets, G1-G4 and S1-S4 diets
containing 5, 10, 15, and 20% of G. lemaneiformis and
S. horneri, respectively, and the control diet (Con) with no
algae, were formulated.

Dry ingredients were finely ground into powder, passed
through a 120-mesh sieve and then thoroughly mixed with
soybean oil and water to produce stiff dough. Pellets were
puffed by a laboratory feed pelletizer equipped with a 2-mm
die (SLP-45; Fishery Mechanical Facility Research Institute,
Shanghai, China) at 105 + 5 °C. After being dried for about
12 h in a ventilated oven at 45 °C, pellets were packed in
sealed plastic bags and stored at —20 °C until used. About
20 g of diet in triplicates was sampled for the analysis of
biochemical composition.

Experimental fish and feeding trial

Fish used for the experiment were purchased from a local breeding
base of fine Haemulidae, Raoping County, shipped with fresh
seawater to the Marine Biology Station of Shantou University,
then reared in a floating sea cage (2.0 x 2.0 x 2.0 m, L/'W/H),
and fed a commercial diet (Haiyi feed company, Zhuhai,
Guangdong, China) for 2 weeks to adapt to the experimental
culture conditions. Fish were starved for 24 h before being anes-
thetized with 40 mg L™ eugenol and weighed individually
(Iversen et al. 2003). Fish with similar size (mean 12.0 + 0.1 g)
were selected and randomly distributed into 27 sea cages
(1 x 1 x1.5m, L/W/H), each cage with 30 fish in three triplicates
per treatment.

Sea cages were anchored about 3.5 m underwater and
100 m away from the coast in a bay. Fish were held under
natural photoperiod conditions throughout the feeding trial
station, and hand-fed twice daily (8:00 a.m. and 17:00 p.m.)
with diets of 4-6% body weight which was obtained biweekly
for 60 days. During the experimental period, temperature
ranged from 25 to 33 °C, salinity ranged from 27 to 33 %o,
and dissolved oxygen content was approximately 6.8 mg L.
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Table 2 Formulation and ] -
chemical composition of the diets Ingredient Diets
(%, dry matter)
Con Gl G2 G3 G4 S1 S2 S3 S4
Fish meal 50 48.6 47.2 45.8 44.4 48.8 47.6 46.4 45.2
Soybean meal 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5
Starch 19.5 15.9 12.2 9.5 5.8 15.7 11.8 8.9 5.0
Soybean oil 4.0 4.0 4.1 4.2 43 4.0 4.1 4.2 43
GLM 0 5.0 10.0 15.0 20.0 0 0 0 0
SHM 0 0 0 0 0 5.0 10.0 15.0 20.0
McCcC? 4.0 4.0 4.0 3.0 3.0 4.0 4.0 3.0 3.0
Mineral premixb 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Vitamin premix® 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
cMmce 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
CaH,PO, 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4
Choline chloride 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
SLP® 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Proximate composition
Dry matter 89.45 89.15 88.74 89.49 88.86 90.16 88.54 88.95 87.99
Crude protein 42.05 41.99 42.08 42.04 42.03 41.71 41.27 41.14 41.48
Crude lipid 8.67 8.64 8.62 8.61 8.59 8.62 8.61 8.64 8.81
Crude ash 10.64 10.71 10.99 11.47 11.57 11.51 11.66 11.84 11.77

#MCC, microcrystalline cellulose, Sunhere Pharmaceutical Excipients Co., Ltd., Hefei, Anhui Province, China
b per kilogram of mineral premix: NaF, 2 mg; KI, 0.8 mg; CoCl, 6H,0 (1%), 50 mg; NaCl, 100 mg;
CuSOy4 5H,0, 10 mg; FeSO4 H,0, 80 mg; ZnSO4 H,O, 50 mg; MnSO4 H,0, 60 mg; MgSO,4 7H,0,
1200 mg; zoelite, 15.45 g. Formulated with cellulose as filling, Sintun Aqua-Tech Co., Ltd., Guangzhou,

Guangdong Province, China

¢ Per kilogram of vitamins premix: A, 4 x 10° 1U; D5, 2 x 10° IU; E, 60 2, K;3,6g;,By,7.5g;B,,16g; B¢, 12 g;
Bj,, 100 mg; nicotinic acid, 88 g; pantothenic acid, 36 g; folic acid, 2 g; biotin, 100 mg; inositol, 100 g; C-
monophospholipid compound, 200 g, Sintun Aqua-Tech Co., Ltd., Guangzhou, Guangdong Province, China

d CMC, carboxymethyl cellulose, Hongbo New Materials Co., Ltd., Hangzhou, Zhejiang Province, China

¢SLP, squid liver paste, Yuequn feed company, Jieyang, Guangdong Province, China

Sample collection

At the termination of the experiment, fish were fasted for 24 h
prior to sampling. Total number and mean body weight of fish in
each cage were measured. Ten fish from each cage were random-
ly sampled and immediately euthanized with 40 mg L™ eugenol
(Iversen et al. 2003), and weighted individually. Five fish were
used for biochemical analysis. The remaining fish were dissected
for organ and tissue sampling. The dorsal muscles, stomach, and
intestine were prepared and weighed separately. All samples
were stored at —80 °C immediately before further analysis.

Evaluation of growth performance

Growth performance was evaluated by comparing weight gain
(WGQ), specific growth rate (SGR), and feed conversion ratio
(FCR) calculated as follows:

WG (%) = (Wz—Wl) /W1 x 100

SGR (%/day) = (LnW,-LnW;) / t x 100

FCR = dry feed(g)fed/(W,—W;)

Survival (%) = 100 X final fish number /initial fish number

where W, is the final body weight (g) of fish, W is the initial
body weight (g), and 7 is the number of days for the feeding
trial (Hardy and Barrows 2002).

Biochemical analysis

Protein, crude lipid, ash content, and dry matter of diets and
fish samples were analyzed according to the methods de-
scribed by the Association of Official Analytical Chemists
(AOAC 2002). Protein contents were determined by using
the Kjeldahl Autosampler System 1035 Analyzer (Foss,
Sweden), and percent crude protein was then calculated as
% N x 6.25. Crude lipid content was determined by Soxhlet
extraction. Ash content was analyzed through combustion of
samples in a muffle furnace at 550 °C for 6 h. Dry matter was
determined by exposing diet samples in a drying oven at
105 °C for 4 h.

Measurement of enzyme activities

Fish stomach and intestine were separately homogenized in
four volumes (w/v) of chilled Tris-HCI buffer solution
(50 mM, pH 7.6) and then centrifuged (3000 rpm) at 4 °C
for 5 min (Centrifuge 5417R, Eppendorf, Germany). After
centrifugation, the floating top lipid layer was removed and
the supernatant was divided into aliquots in 1.5-mL tubes. The
samples were stored at —80 °C until analysis.

Total soluble protein of the homogenate was measured by
using Folin phenol reagent. Activities of pepsin, trypsin,
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Table 3 Growth performance of

white spotted snapper fed with Parameters Diets
G. lemaneiformis diets
Con Gl1 G2 G3 G4

IBW (g) 11.98 £0.17 12.03 £0.14 11.90 +£0.25 11.84 +0.17 12.11 £ 0.54
FBW (g) 37.81 £0.38b 38.36 £0.51ab 38.97 £0.56a 37.69 +0.45b 36.30 +£0.23¢
WG (%) 216 +4a 219 + 5a 228 + 8a 218 + 5a 202 +4b
SGR (%/day) 1.92 + 0.04ab 1.93 £ 0.04ab 1.98 £ 0.03a 1.93 £ 0.03ab 1.85+£0.05b
FCR (g/g) 2.15 £ 0.08ab 2.11 £0.07ab 2.08 +0.06b 2.25 +0.09ab 2.29 +0.06a
Survival (%) 93+3 96 + 2 98 +2 96 +3 94 +3

Means not sharing a common lowercase letter are significantly different (P < 0.05)
IBW initial body weight, FBW final body weight, WG weight gain, SGR specific growth rate, FCR feed conver-

sion ratio

lipase, and amylase were determined by spectrophotometry
using commercial kits purchased from Nanjing Jiancheng
Bioengineering Institute (Jiangsu province, China) following
the manufacturer’s instructions. The units of the digestive en-
zymes activities were defined based on the method reported
by Pan and Wang (1997) and the manual of detection kit.
Briefly, 1 U of pepsin activity was calculated as 1 pg of tyro-
sine released per minute at 37 °C. Trypsin activity was
expressed as the equivalent enzyme activity that was required
to generate an optical density (OD) change of 0.003 at pH 8.0
and 37 °C. Amylase activity was calculated as the activity
required to hydrolyze 10 mg of starch in 30 min at 37 °C.
One unit of lipase activity was defined as the micromole of
substrate hydrolyzed per minute at 37 °C. Enzyme activities
were expressed as specific activity (U mg ™' protein).

Statistical analysis

Data were analyzed by using one-way ANOVA and are pre-
sented as mean + SD. Tukey’s multiple comparison tests were
used to assess where significant differences occurred.
Statistical analyses were performed using SPSS 20.0 (SPSS,
USA). A quadratic regression model of average weight gain
corresponding to dietary algae replacement level was
established in Office Excel 2016 (Microsoft, USA).

Results
Growth performance

Growth parameters of white spotted snapper fed
G. lemaneiformis diets are presented in Table 3. The survival
was not significantly different among dietary treatments. FBW
and WG of fish fed G4 diet were significantly lower than those
of the control group (P < 0.05). Fish fed G4 diet showed signif-
icantly better FCR compared to those fed G2 diet (P < 0.05); the
difference was not significant between fish fed G1, G3, and
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control diets (P > 0.05). Fish fed G4 diet showed significantly
poorer SGR compared to those fed G2 diet (P < 0.05).
According to the quadratic regression model of WG of fish fed
G. lemaneiformis diets (Fig. 1), the maximal G. lemaneiformis
replacement level was 16.44%, which would not reduce the
growth performance of fish as compared to the control diet.

Data on growth performance and feed utilization of white
spotted snapper fed S. horneri diets are shown in Table 4. The
survival was not affected by dietary treatments. Fish fed S1
diet displayed significantly higher SGR compared to S4 diet
(P < 0.05), but no significant difference was found between
fish fed other diets. Moreover, fish fed S1 diet had the highest
SGR, FBW, and WG, but the poorest FCR. The poorest fish
growth performance was obtained with the S4 diet. The max-
imal S. horneri replacement level was 15%, which would not
decrease the growth performance of fish as compared to the
control diet (Fig. 2).

Body biochemical composition

The lipid and ash contents in muscle were significantly affect-
ed by dietary G. lemaneiformis level, and the lipid content in

y =-0.1629x%+ 2.6771x+ 214.26

240
¥ R>=0.9003
5 e : 4
o 200 F
= [}
X,,.=16.44
180 Il Il |v Il J
0 5 10 15 20 25

GL level (%)

Fig. 1 A quadratic regression model was established on average body
WG (y-axis) in response to fishmeal protein replacement level (x-axis) by
G. lemaneiformis. According to the model, the maximal replacement
level is 16.44%
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Table 4 Growth performance of

white spotted snapper fed with Parameters Diets
S. horneri diets
Con S1 S2 S3 S4

IBW (g) 11.98 £0.17 12.17 £0.29 11.94 + 0.59 11.94 + 0.68 12.14 £ 0.60
FBW (g) 37.81 £0.38b 4049 + 1.11a 38.79 + 1.87ab 37.50 +0.29b 36.98 +£0.72b
WG (%) 216 +4bc 233 +5a 225 + 4ab 215+ 16bc 205 +9c¢
SGR (%/day) 1.92 £ 0.04ab 2.00 £0.02a 1.96 £ 0.01ab 1.91 £ 0.08ab 1.85 +£0.05b
FCR (g/g) 2.15+0.08ab 2.14 £ 0.05a 2.27+0.11ab 2.33+0.03b 2.42 +0.06b
Survival (%) 93+3 95+4 93+3 92+4 91 +4

Means not sharing a common lowercase letter are significantly different (P < 0.05)

muscle of fish fed G4 diet was significantly lower than that of
other groups (P < 0.05, Table 5). The protein content in whole
body fed G4 and control diets was significantly higher than
that of other groups (P < 0.05), but lipid, moisture, and ash
contents in whole body of fish fed G. lemaneiformis diets were
not changed significantly among the treatments (P > 0.05,
Table 5).

The lipid and moisture contents in muscle, but not protein
and ash contents, were significantly affected by dietary
S. horneri level (P < 0.05, Table 6). The lowest lipid and
moisture contents were recorded in muscle of fish fed S1
and S3 diets. No significant changes in moisture, lipid, and
ash contents in whole body were observed among all treat-
ments (P > 0.05), whereas protein content in whole body in
fish fed S4 diet was significantly lower than that of control and
S1 diets (P < 0.05, Table 6).

Enzyme activities

Effects of G. lemaneiformis on digestive enzyme activities in
the stomach and intestine of the fish are shown in Table 7.
Pepsin activity in stomach was significantly lower in fish fed

y =-0.16x%+ 2.4x + 218.8

240 R? =0.8481
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Fig. 2 A quadratic regression model was established on average body
WG (y-axis) in response to fishmeal protein replacement level (x-axis) by
S. horneri. According to the model; the maximal replacement level is
15%

G4 diet (44.55 U mg ! protein), while lipase in stomach was
not significantly affected by G. lemaneiformis levels
(P > 0.05). Lipase and amylase activities in intestine were
significantly lower in fish fed G4 diet (15.74 x 10> U mg !
protein) (P < 0.05), while no effect of G. lemaneiformis was
found on trypsin activities in the intestine (P > 0.05).

Pepsin and amylase in the stomach were significantly af-
fected by dietary S. hornerilevels (Table 8). The lowest pepsin
activity in stomach was observed in fish fed S4 diet
(49.41 U mg ™" protein), while lipase in stomach was not sig-
nificantly affected by S. horneri levels (P > 0.05, Table 8).
Pepsin in stomach of fish fed S3 and S4 diets decreased sig-
nificantly (P < 0.05) as compared to that of fish fed control,
S1, and S2 diets. Lipase and amylase in the intestine were
significantly affected by dietary S. horneri level. The lowest
lipase activity in intestine was observed in fish fed S4 diet
(155710 U mg ' protein). No effect of S. horneri was found
on trypsin in the intestine.

Discussion

Seaweeds are receiving increasing attention as potential nutri-
tional benefits (Rupérez and Saura-Calixto 2001) and as pos-
sible ingredients in fish diets (Wahbeh 1997). Studies sug-
gested that omnivorous red sea bream Pagrus major
(Mustafa et al. 1994, 1995; Nakagawa et al. 1997) may have
potential ability to digest algae. Tacon et al. (1990) suggested
that the maximum suitable algae supplement levels in diets
may adapt to the feeding habits of fish and species of algae.
In this experiment, all diets were readily accepted by fish,
indicating that G. lemaneiformis and S. horneri could be used
as possible ingredients in fish diets.

Previous reviews detailed that the supplementation of
macro-algae meals enhanced growth and feed utilization
(Mustafa and Nakagawa 1995; Mustafa et al. 1995). Diler
et al. (2007) reported that the best and poorest growth perfor-
mance of common carp Cyprinus carpio were fed 5 and 20%
U. rigida diets, respectively. The supplementation of
U. rigida, in the range from 5 to 15% in the diet, improved
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Table 5 Proximate chemical

composition of fish fed with Composition Diets
G. lemaneiformis diets (fresh
weight) Con Gl Q2 G3 G4
Muscle (g kg ")
Protein 182.7+4.4 180.3+4.9 1843+ 6.4 183.1£6.6 182.7+6.8
Lipid 21.2+£0.6b 29.2 +1.8a 25.8 £ 2.4ab 213+ 1.1b 15.6 + 1.4¢
Moisture 773.6 £5.5 762.8 £5.6 769.3 £13.7 780.1 £ 8.4 783.5+£9.2
Ash 13.5+£0.3b 15.6 £ 0.4a 15.4£0.9a 13.8 £ 0.5ab 14.6 + 0.6ab
Whole body (g kg ™)
Protein 157.5 £ 4.6a 138.4 +4.1b 140.6 +2.6b 139.5+2.9b 1529 +£3.7a
Lipid 53.0+5.7 514+33 53.7+3.7 45.1+5.5 48.6 £3.4
Moisture 7384 +£2.8 743.6 £29.0 742.7+4.0 7543 £15.2 738.7+£17.1
Ash 47.1+1.3 442 +£6.1 476 +1.0 50.9+3.1 48.8+2.9

Means not sharing a common lowercase letter are significantly different (P < 0.05)

not only the growth performance but also the quality of carp as
a protein product. Therefore, the author suggested that the
dietary U. rigida meal inclusion of 5 to 15% replacing wheat
meal in carp diets could be acceptable. Xuan et al. (2013)
reported that the WG and FER of the fish that received 20%
G. lemaneiformis diet were significantly lower than those of
the control group, and suggested that G. lemaneiformis in the
diet at up to 15% level for black sea bream was feasible ac-
cording to the growth performance and the physiological state.
Shapawi et al. (2015) reported that supplementation of 6%
cooked red seaweed Kappaphycus alvarezii achieved signifi-
cantly higher WG and SGR in Asian seabass Lates calcarifer
than other treatments. However, the survival (%) of experi-
mental fish was significantly lower than that of other treat-
ments when the dietary seaweed inclusion was at 22%. In this
experiment, the results indicated that the FBW, WG, and SGR
of fish fed with G. lemaneiformis and S. horneri did not de-
crease even at the inclusion level of 15% in diets. According

to the quadratic regression models of WG in fish fed
G. lemaneiformis and S. horneri diets, the maximal replace-
ment levels were 16.44 and 15%, respectively.

Horie et al. (1995) reported that seaweeds rich in non-
starch polysaccharides (NSPs) (e.g., xylans, agar, carrageen-
an, or alginates) are a type of antinutritional factors (ANFs)
limiting the digestibility of nutrients of diets. Brinker (2009)
reported that the soluble NSPs in diet form functional net-
works which reduce lipid, protein, and other nutrient digest-
ibility and therefore decrease growth performance. In this ex-
periment, G. lemaneiformis and S. horneri contained 60.6 and
62.4% nitrogen-free extract, respectively, and the results show
that G. lemaneiformis or S. horneri inclusion level reached
20%; the poorest growth performance of the fish was ob-
served. The most likely reason for the detrimental seaweed
effects may be that algal soluble NSPs are generally viscous
in nature, leading to increased viscosity of diet and the intes-
tinal digesta. This stress will decrease protein and lipid

Table 6 Proximate chemical

composition of fish fed with Composition Diets
S. horneri diets (fresh weight)
Con S1 S2 S3 S4
Muscle (g kg )
Protein 182.7+44 180.5+2.3 187.8+£3.2 189.7+53 185.5+3.3
Lipid 21.2 +£0.6b 154+0.8a 16.9 £ 0.6a 20.8 +0.4b 22.6 +0.6b
Moisture 793.6 £5.5a 789.7 +2.8ab 781.1 + 3.4ab 776.5 £5.2b 779.2 +3.9b
Ash 13.5+0.3 13.1+0.3 13.1+£0.2 13.6+£0.3 13.1+03
Whole body (g kg™")
Protein 157.5 +£4.6b 157.9 +£3.9b 149.7 £ 1.2ab 147.7 £5.1ab 147.1 +£3.3a
Lipid 53.0+33 585+29 57.5+3.5 57.8+1.4 58.8+3.1
Moisture 7384 +£2.8 738.0+5.2 743.9 £ 4.1 749.4 £7.7 739.9£9.6
Ash 471+13 482+1.3 472+09 474+1.8 48.6 2.3

Means not sharing a common lowercase letter are significantly different (P < 0.05)
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Table 7 The enzyme activities of white spotted snapper fed with G. lemaneiformis diets
Parameters Diets
Con Gl G2 G3 G4
Stomach (U mg ™" protein™')
Pepsin 78.60 £ 1.61a 75.11 £2.78a 75.86 £ 6.68a 5136 £3.77b 44.55 +7.25b
Lipase (x107) 2.86 +0.30 3.02+0.44 3.09+0.17 2.36+0.39 2.84 +£0.40
Amylase (x107%) 20.84 +2.41b 30.13 £2.72a 26.96 +2.65ab 24.21 + 3.84ab 17.30 +3.29b
Intestine (U mg ! protein ")
Trypsin 21.51+2.99 23.19+£2.43 2227+1.88 20.60 +4.87 19.83 £4.02
Lipase (x107) 19.26 +0.92b 19.87 +1.37b 19.12 + 1.04ab 16.97 + 1.55ab 15.74 + 1.41a
Amylase (x107%) 53.12 £ 4.58d 41.83 +3.87¢ 38.20 +4.47b 33.67 +2.77ab 2721+ 1.73a

Means not sharing a common lowercase letter are significantly different (P < 0.05)

digestibility and consequently growth performance.
Meanwhile, the negative effects may be caused by the lower
methionine in the seaweeds, which could limit the supplement
of seaweeds in diets (Fleurence 2004).

Nakagawa et al. (1984) reported that 10% U. pertusa meal
supplement to diet increased muscle lipid level in black sea
bream. Norambuena et al. (2015) reported that the diets with
2.5 and 5% Entomoneis spp. and Ulva ohnoi inclusion, re-
spectively, showed a partial (not statistically significant) re-
duction in total lipid content in whole body, but the diets with
2.5 and 5% U. ohnoi inclusion showed a partial increase (no
significance) in lipid content in fillets of Atlantic Salmon
(Salmo salar). The results showed significantly higher n-3/n-
6 ratio in fillets of fish compared to other treatments due to the
variation in n-6 and n-3 fatty acid in 5% Entomoneis spp. and
2.5% Entomoneis spp. + 2.5% U. ohnoi diets. Also, the results
showed that the elongation of C18:3n-3 to C20:3n-3 was up-
regulated in fish fed 2.5% Entomoneis spp. + 2.5% U. ohnoi
diets compared to the other treatments. In the present experi-
ments, lipid and ash contents in muscle and protein content in
body were significantly affected by dietary G. lemaneiformis

levels, and the lipid in muscle and protein in body were sig-
nificantly affected by dietary S. horneri levels. The results
were in agreement with the observations that addition of a
small amount of algae in diets influences lipid synthesis and
lipid mobilization in the body of fish (Nakagawa et al. 1997).
On the other hand, increased lipid deposition with increasing
seaweed inclusion levels could be due to a dietary essential
amino acid imbalance. Such an imbalance may reduce utiliza-
tion of protein for growth. This often occurs when fish meal is
substituted by plant protein sources (Fournier et al. 2004;
Goda et al. 2007).

Previous studies have shown that algal supplementation
had effects on digestive enzyme activities both in vitro and
in vivo (Indegaard and Minsaas 1991; Nandeesha et al. 1998;
Xuan et al. 2013; Zhu et al. 2016). Horie et al. (1995) reported
that the soluble dietary fiber fraction (SDF) or insoluble die-
tary fiber fraction (IDF) from brown seaweeds Saccharina
(Laminaria) japonica, U. pinnatifida, and Sargassum
fusiforme could inhibit pepsin activity in vitro, and the
inhibition was significantly greater with SDFs than IDFs,
and the greatest inhibition was observed with SDF of

Table 8 The enzyme activities of white spotted snapper fed with S. horneri diets

Parameters Diets
Con S1 S2 S3 S4

Stomach (U mg ' protein™ ')

Pepsin 78.60 + 1.61a 78.28 + 5.36a 72.46 +£2.63a 63.83 £ 6.96b 49.41 £1.49¢
Lipase (x107) 2.86 +0.30 3.21+0.37 3.01+0.29 2.68 £0.31 2.57+0.56
Amylase (x107°) 20.84 £2.41a 23.83+£2.01la 31.33 £3.34b 33.30 +3.53b 34.11 £3.35b

Intestine (U mg ' protein ")

Trypsin 21.51+£2.99 21.97 £4.96 2136 +1.87 18.63 + 1.44 20.32 £3.52
Lipase (x107%) 19.26 +£0.92a 20.21 £ 1.37a 17.46 + 1.65ab 18.07 +2.15ab 15.57 +2.11b
Amylase (x107%) 53.12 +4.58bc 54.93 +4.30bc 55.97 £ 1.63b 64.43 +4.75a 48.20 £5.19¢

Means not sharing a common lowercase letter are significantly different (P < 0.05)
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S. japonica. The results showed that the higher the
concentration of SDF in the enzyme system, the greater its
viscosity and pepsin activity inhibition. Consequently, the
authors suggested that the inhibition of pepsin activity
in vitro by SDF might be attributed to their viscous property.
Nandeesha et al. (1998) reported that a reduction in intestinal
protease and lipase activity of common carp was observed at
higher levels of Spirulina platensis supplementation, and the
hepatopancreatic protease activity of fish fed Spirulina was
poorer compared to the control, while the amylase activity
was better, and the intestinal amylase and hepatopancreatic
lipase activity remained unaffected. In the present results, a
significantly lower pepsin activity in the stomach was ob-
served in fish fed 20% G. lemaneiformis or 20% S. horneri
diets, and a significantly lower lipase activity in the intestine
was observed in fish fed 20% S. horneri diet. The poorer
lipase and pepsin activity observed in higher-level
G. lemaneiformis and S. horneri diets may be a result of a
combined effect of increasing NSPs, soluble or insoluble fi-
bers of seaweeds, and the reduced digestive enzyme activities.

In conclusion, based on quadratic regression, it can be con-
cluded that the maximal incorporation of red algae
G. lemaneiformis and brown algae S. horneri in diets are
16.44 and 15%, respectively, for juvenile white spotted snap-
per. This study provides important information regarding the
potential application of G. lemaneiformis and S. horneri as
valuable alternative ingredient sources partially replacing fish
meal for fish culture.

Acknowledgements This study was supported by grant No.
S2011030005257 from the Team Project of the Natural Science
Foundation of Guangdong Province and grant No. GPKLMB201502
from the Guangdong Provincial Key Laboratory of Marine Biology
Open Fund. The authors thank Prof. Chiju Wei, of the College of
Science, Shantou University, China, for reviewing the manuscript and
his helpful suggestions.

References

Akazaki M (1983) A new lutjanid fish, Lutjanus stellatus, from southern
Japan and a related species, L. rivulatus (Cuvier). Jap J Ichthyol 29:
365-373

Amano H, Noda H (1985) Changes of body composition of ayu,
Plecoglossus altivelis, fed test diets supplemented with marine green
algae Hitoegusa Monostroma nitidum. Bull Fac Fish, Mie
University 12:147-154

AOAC (Association of Official Analytical Chemists) (2002) Official
methods of analysis of the Association of Official Analytical
Chemists. Arlington

Borquez A, Serrano E, Dantagnan P, Carrasco J, Hernandez A (2011)
Feeding high inclusion of whole grain white lupin (Lupinus albus)
to rainbow trout (Oncorhynchus mykiss): effects on growth, nutrient
digestibility, liver and intestine histology and muscle fatty acid com-
position. Aquac Res 42:1067-1078

@ Springer

Brinker A (2009) Improving the mechanical characteristics of faecal
waste in rainbow trout: the influence of fish size and treatment with
a non-starch polysaccharide (guar gum). Aquac Nutr 15:229-240

Casas-Valdez M, Portillo-Clark G, Aguila-Ramirez N, Rodriguez-
Astudillo S, Sanchez-Rodriguez I, Carrillo-Dominguez S (2006)
Effect of the marine algae Sargassum spp. on the productive param-
eters and cholesterol content of the green shrimp, Farfantepenaeus
californiensis (Holmes, 1900). Rev Biol Mar Oceanograf 41:97—
105

Davies SJ, Green MT, Camilleri M (1997) Preliminary assessment of the
seaweed Porphyra purpurea in artificial diets for thick-lipped grey
mullet (Chelon labrosus). Aquaculture 152:249-258

Diler I, Tekinay AA, Giiroy D, Giiroy BK, Sanver F, Soyutiirk M (2007)
Effects of Ulva rigida on the growth, feed intake and body compo-
sition of common carp, Cyprinus carpio L. J Biol Sci 7:305-308

Fei XG, Bao Y, Lu S (1999) Seaweed cultivation: traditional way and its
reformation. Chin J Oceanol Limnol 7:193—-199

Fleurence J (1999) Seaweed proteins: biochemical nutritional aspects and
potential uses. Trends Food Sci Technol 10:25-28

Fleurence J (2004) Seaweed proteins. In: Yada RY (ed) Proteins in food
processing. Woodhead Publishing Ltd, Cambridge, pp 197-213

Fournier V, Huelvan C, Desbruyeres E (2004) Incorporation of a mixture
of plant feedstuffs as substitute for fish meal in diets of juvenile
turbot (Psetta maxima). Aquaculture 236:451-465

Goda A, Wafa ME, El-Haroun ER, Chowdhury MAK (2007) Growth
performance and feed utilization of Nile tilapia Oreochromis
niloticus (Linnaeus, 1758) and tilapia galilae Sarotherodon
galilaeus (Linnaeus, 1758) fingerlings fed plant protein-based diets.
Aquac Res 38:827-837

Hardy RW (2010) Utilization of plant proteins in fish diets: effects of
global demand and supplies of fishmeal. Aquac Res 41:770-776

Hardy RW, Barrows FT (2002) Diet formulation and manufacture. In:
Halver JE, Hardy RW (Eds.) Fish nutrition, 3rd Edn. Academic
Press, pp. 505-600

Horie Y, Sugase K, Horie K (1995) Physiological difference of soluble
and insoluble dietary fibre fractions of green algae and mushrooms
in pepsin activity in vitro and protein digestibility. Asia Pac J Clin
Nutr 4:251-255

Hossain Z, Kurihara H, Takahashi K (2003) Biochemical composition
and lipid compositional properties of the brown alga Sargassum
horneri. Pak J Biol Sci 6:1497-1500

Hu ZM, Uwai S, Yu SH, Komatsu T, Ajisaka T, Duan DL (2011)
Phylogeographic heterogeneity of the brown macroalga
Sargassum horneri (Fucaceae) in the northwestern Pacific in rela-
tion to late Pleistocene glaciation and tectonic configurations. Mol
Ecol 20:3894-3909

Indegaard M, Minsaas J (1991) Seaweed resources in Europe. Uses and
potential. In: Guiry MD, Blunden G (eds) Animal and human nutri-
tion. Wiley, New York, pp 21-64

Iversen M, Finstad B, Mckinley RS, Eliassen RA (2003) The efficacy of
metomidate, clove oil, Aqui-STM and Benzoak as anaesthetics in
Atlantic salmon (Salmo salar L.) smolts, and their potential stress-
reducing capacity. Aquaculture 221:549-566

Mohamed S, Hashim SN, Rahman HA (2012) Seaweeds: a sustainable
functional food for complementary and alternative therapy. Trends
Food Sci Technol 23:83-96

Mustafa MG, Nakagawa H (1995) A review: dietary benefits of algae as
an additive in fish feed. Isr J Aquac 47:155-162

Mustafa MG, Takeda TA, Umino T, Wakamatsu S, Nakagawa H (1994)
Effects of Ascophyllum and Spirulina meal as feed additives on
growth performance and feed utilization of red sea bream, Pagrus
major. ] Fac Appl Biol Sci (Hiroshima University) 33:125-132

Mustafa MG, Wakamatsu S, Takeda TA, Umino T, Nakagawa H (1995)
Effects of algae meal as feed additive on growth, feed efficiency and
body composition in red sea bream. Fish Sci 61:25-28



J Appl Phycol (2017) 29:3211-3219

3219

Nakagawa H, Kasahara S, Sugiyama T, Wada 1 (1984) Usefulness of
Ulva-meal as feed supplementary in cultured black sea bream.
Suisanzoshoku 30:20-27 (In Japanese with English Abstract)

Nakagawa H, Kasahara S, Sugiyama T (1987) Influence of Ulva meal
supplementation on lipid metabolism of black sea bream,
Acanthopagrus schlegeli. Aquaculture 62:109—121

Nakagawa H, Umino T, Tasaka Y (1997) Usefulness of Ascophyllum
meal as a feed additive for red sea bream, Pagrus major.
Aquaculture 151:275-281

Nandeesha MC, Gangadhar B, Varghese TJ, Keshavanath P (1998) Effect
of feeding Spirulina platensis on the growth, proximate composition
and organoleptic quality of common carp, Cyprinus carpio L.
Aquac Res 29:305-312

Nomura M, Kamogawa H, Susanto E, Kawagoe C, Yasui H, Saga N,
Hosokawa M, Miyashita K (2013) Seasonal variations of total
lipids, fatty acid composition, and fucoxanthin contents of
Sargassum horneri (Turner) and Cystoseira hakodatensis (Yendo)
from the northern seashore of Japan. J Appl Phycol 25:1159—-1169

Norambuena F, Hermon K, Skrzypczyk V, Emery JA, Sharon Y, Beard A,
Turchini GM (2015) Algae in fish feed: performances and fatty acid
metabolism in juvenile Atlantic Salmon. PLoS One 10(4):
€0124042

Pan LQ, Wang KX (1997) The experimental studies on activities of di-
gestive enzymes in the larvae Penaeus chinensis. J Fish China 21:
26-31 (In Chinese with English Abstract)

Peixoto MJ, Salas-Leiton E, Brito F, Pereira LF, Svendsen JC, Baptista T,
Pereira R, Abreu H, Reis PA, Gongalves JFM, de Almeida Ozorio
RO (2017) Effects of dietary Gracilaria sp. and Alaria sp. supple-
mentation on growth performance, metabolic rates and health in
meagre (Argyrosomus regius) subjected to pathogen infection. J
Appl Phycol 29:433-447

Rupérez P, Saura-Calixto F (2001) Dietary fibre and physicochemical
properties of edible Spanish seaweeds. Eur Food Res Technol 212:
349-354

Shao KT, Ho HC, Lin PL, Lee PF, Lee MY, Tsai CY, Liao YC, Lin YC,
Chen JP, Yeh HM (2008) A checklist of fishes of southern Taiwan,
northern South China sea. Raftles Bull Zool s19:233-271

Shapawi R, Safiin NSZ, Senoo S (2015) Improving dietary red seaweed
Kappaphycus alvarezii (Doty) Doty ex. P. Silva meal utilization in
Asian seabass Lates calcarifer. J Appl Phycol 27:1681-1688

Tacon AGJ, Rausin N, Kadari M, Cornelis P (1990) The food and feeding
of marine finfish in floating net cages at the National Sea Farming

Development Centre, Lampung, Indonesia: rabbitfish, Siganus
canaliculatus (Park). Aquacult Fish Manag 21:375-390

Tacon AGJ, Hasan MR, Metian M (2011) FAO Fisheries and
Aquaculture Technical Paper. 564

Tacon AGJ, Hasan MR, Allan G, El-Sayed AF, Jackson A, Kaushik SJ,
Ng WK, Suresh V, Viana MT (2012) Aquaculture feeds: addressing
the long-term sustainability of the sector. In: Subasinghe RP, Arthur
JR, Bartley DM, De Silva SS, Halwart M, Hishamunda N, Mohan,
CV, Sorgeloos P (eds) Farming the waters for people and food.
Proceedings of the Global Conference on Aquaculture 2010. pp.
193-231

Valente LMP, Gouveia A, Rema P, Matos J, Gomes EF, Sousa-Pinto I
(2006) Evaluation of three seaweeds Gracilaria bursa-pastoris,
Ulva rigida and Gracilaria cornea as dietary ingredients in
European sea bass (Dicentrarchus labrax) juveniles. Aquaculture
252:85-91

Wahbeh MI (1997) Amino acid and fatty acid profiles of four species of
macroalgae from Aqaba and their suitability for use in fish diets.
Aquaculture 159:101-109

Wan AHL, Soler-Vila A, O’Keeffe D, Casburn P, Fitzgerald R, Johnson
MP (2016) The inclusion of Palmaria palmata macroalgae in
Atlantic salmon (Salmo salar) diets: effects on growth,
haematology, immunity and liver function. J Appl Phycol 28:
3091-3100

Wassef EA, Masry MHE, Mikhail FR (2001) Growth enhancement and
muscle structure of striped mullet, Mugil cephalus L., fingerlings by
feeding algal meal-based diets. Aquac Res 32:315-322

Xuan XZ, Wen XB, Li SK, Zhu DS, Li YY (2013) Potential use of
macro-algae Gracilaria lemaneiformis in diets for the black sea
bream, Acanthopagrus schlegelii, juvenile. Aquaculture 412- 413:
167-172

Yone Y, Furuichi M, Urano K (1986) Effects of dietary wakame Undaria
penatifida and Ascophyllum nodosum supplements on growth, feed
efficiency, and proximate compositions of liver and muscle of red
sea bream. Bull Jap Soc Sci Fish 52:1465-1468

Yu J, Wang X, Chen MZ, Zhang YY, Long ZJ (2006) Analysis on nutri-
tional components and polysaccharide composition of Gracilaria
lemaneiformis from Chaoshan Coast. Food Sci 27:93-96 (In
Chinese with English Abstract)

Zhu DS, Wen XB, Li SK, Xuan XZ, Li YY (2016) The green alga Ulva
lactuca as a potential ingredient in diets for juvenile white spotted
snapper Lutjanus stellatus Akazaki. J Appl Phycol 28:703—-711

@ Springer



	Evaluation...
	Abstract
	Introduction
	Materials and methods
	Experimental diets
	Experimental fish and feeding trial
	Sample collection
	Evaluation of growth performance
	Biochemical analysis
	Measurement of enzyme activities
	Statistical analysis

	Results
	Growth performance
	Body biochemical composition
	Enzyme activities

	Discussion
	References


