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Introduction 

Rockfish (Sebastes schlegeli Hilgendorf 1880) has become one 
of the most commercially important marine aquaculture fish 
species in Korea since 1980s due to its fast growth and high 
disease resistance. Its annual aquaculture production reached 
21,571 metric tons in Korea in 2020 (KOSIS, 2021). As rockfish 

farmers prefer feeding their fish on moisture pellet (MP), such 
as frozen fish or the mixture of frozen fish and binder to feeding 
their fish on formulated feed (FF), such as extruded pellet and 
dry pellet in Korea, a total amount of 140,192 metric tons of MP 
was used, but only 16,264 metric tons for FF in 2019 (KOSIS, 
2021). A reason of higher adoption of MP rather than FF by 
fish farmers in Korea is a misbelief that rockfish feeding on the 
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Abstract
Inclusion effect of various levels of jack mackerel meal (JMM) acting as feed attractants and/or stimulants in diets on the growth, 
feed consumption, feed utilization and whole body composition of rockfish was investigated. Three hundred juvenile rockfish 
were randomly allocated into 15 flow-through tanks. Five experimental diets supplemented with JMM at 0%, 1%, 3%, 5%, and 
10% at the expense of anchovy meal were prepared and referred to as the JMM0, JMM1, JMM3, JMM5, and JMM10 diets, re-
spectively. Weight gain, specific growth rate (SGR) and feed consumption of fish tended to improve with dietary levels of JMM. 
The greatest weight gain, SGR and feed consumption were observed in fish fed the JMM10 diet, followed by the JMM5, JMM3, 
JMM1, and JMM0 diets, in that order. Condition factor (CF) of fish tended to improve with dietary inclusion levels of JMM. Growth 
performance, feed consumption and CF of fish tended to improve with dietary inclusion levels of JMM ranging from 0% to 10%.
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former tend to consume more feed than the latter because the 
former is likely to contain more feed attractants and/or stimu-
lants than the latter. 

Nevertheless, application of FF is highly recommendable 
for sustainable and eco-friend fish culture worldwide in terms 
of prevention of disease spread, low storage and fish production 
costs, and little discharged effluent from fish farms adopting FF 
(Cho et al., 2005; Ekanem, 1996; Sun et al., 2006). Therefore, 
dietary supplementation of feed attractants and/or stimulants to 
rockfish is highly desirable for fish farmers to adopt FF to raise 
their fish instead of MP. 

In our earlier study (Kim et al., 2019), jack mackerel meal 
(JMM) being rich in free histidine and leucine showed the 
strongest attractiveness to rockfish among 16 crude feed in-
gredients, followed by sardine meal, squid meal, pollock meal 
and shrimp meal. In addition, dietary supplementation of 5% 
JMM at the expense of anchovy meal showing moderate attrac-
tiveness to rockfish achieved the greatest growth performance 
and condition factor (CF) directly reflected from improved 
feed consumption (palatability) (Kim & Cho, 2019). Therefore, 
inclusion of feed ingredient having strong attractiveness to a 
targeting fish in diet is one of the most reliable and sustainable 
aquaculture techniques to accelerate growth (production) of 
fish resulted from improved feed consumption. 

It is critical for fish farmer to understand the factors influ-
encing feed consumption by fish to achieve efficient growth of 
fish in an intensive aquaculture system. Dietary manipulation of 
feed ingredients to maximize feed intake by fish is the best way 
for fish farmer to improve growth of fish and bring about high 
benefits from fish farm because feed is one of the most expen-
sive and substantial costs in aquaculture operation, accounting 
for over 50% of total operating cost (Abidi & Khan, 2008). Ap-
plication of feed attractants and/or stimulants in feed, therefore, 
is an effective aquaculture technique to improve feed intake, but 
minimize feed waste in terms of improved feed consumption 
(palatability) of fish (Lee & Meyers, 1996). 

Dietary inclusion of krill hydrolysate, squid viscera 
meal, mussel meal and blood meal effectively improved feed 
consumption of fish (Kolkovski et al., 2000; Mai et al., 2006; 
Mongile et al., 2015; Nagel et al., 2014). Kader et al. (2010) also 
showed that administration of crude feed ingredient, such as 
10% fish soluble, 10% krill meal and 10% squid meal in diets 
acting as feed stimulants improved weight gain and feed con-
sumption of red sea bream (Pagrus major), in particular, their 
combination at 15% (5% for each) improved growth outstand-

ingly. Red sea bream fed a diet substituting 100% fish meal (FM) 
with dehulled soybean meal supplemented with feed attractants 
(the combined 10% fish soluble, 5% krill meal and 5% squid 
meal) achieved comparable growth to fish fed a FM-based diet 
(Kader et al., 2012). 

Based on evaluation of attractability of the synthetic 
chemicals identified in the extracts of prey or feed to fish was 
determined by electro(neuro)physiological study in the past 
(Kasumyan & Døving, 2003; Kasumyan & Morsi, 1996; Mackie, 
1982; Miyasaka & Harada, 2002; Yacoob & Browman, 2007), 
feed attractants are  commonly developed. Nevertheless, feasi-
bility of practical application of the synthetic chemicals showing 
high attractiveness to targeting fish is still controversial. There-
fore, manipulation of feed ingredient rather than the synthetic 
chemicals showing high attractiveness to a targeting fish in 
feed is a practical and sustainable technique to improve growth 
of fish resulted from improved feed consumption (palatabil-
ity). Nagel et al. (2014) reported that an increased amount of 
supplemented freeze-dried blue mussel (Mytilus edulis) meal 
improved feed consumption and weight gain of turbot (Psetta 
maxima) fed diets substituting 75% FM with rapeseed protein 
concentrate when 50% and 75% FM were substituted with rape-
seed protein concentrate supplemented with various (2%, 4%, 
and 8%) levels of freeze-dried blue mussel meal, and concluded 
that administration of freeze-dried blue mussel meal could im-
prove palatability of diets. 

Feed attractants and/or stimulants vary based on fish spe-
cies, type, and dose of feed attractants (Carr et al., 1996; Olsén 
& Lundh, 2016; Yacoob & Browman, 2007). For instance, blue 
mussel extracts acted as feed attractants and/or stimulants in a 
bottom feeding carnivorous Dover sole (Solea solea) (Mackie, 
1982), but did as feed deterrents for omnivorous crucian carp 
(Carassius carassius), which do not feed on mussel in their nat-
ural surroundings (Olsén & Lundh, 2016).

In this study, we elucidate inclusion effect of various levels 
of JMM acting as feed attractants and/or stimulants in diets on 
the growth, feed consumption, feed efficiency and whole body 
composition of rockfish. 

Materials and Methods

Preparation of the experimental fish 
Juvenile rockfish were purchased from a private fish hatchery 
and acclimated to the experimental conditions for 2 week be-
fore start of the feeding trial. During the 2-week acclimation pe-
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riod, fish were fed with a commercial extruded pellet (Woosung 
Feed, Daejeon, Korea) twice a day at a ratio of 2%–3% biomass 
of fish. Three hundred fish (initial body weight of 5.3 g) were 
randomly allocated into 15, 50 L flow-through tanks (water vol-
ume: 40 L) (20 fish/tank). Sand-filtered seawater was supplied 
and the flow rate of water was 4.2 L/min/tank. Aeration was 
properly supplied into each tank and water temperature ranged 
from 17.6℃ to 23.9℃ (mean ± SD: 20.9 ± 1.64℃) throughout 
the 8-week feeding trial. 

Preparation of the experimental diets
Five experimental diets were prepared (Table 1). Fifty five per-
cent anchovy meal and 10.5% fermented soybean meal were 
used as the protein source in the JMM0 diet. Twenty three per-
cent wheat flour and 4.5% fish and 4.5% soybean oils were used 
as the carbohydrate and lipid sources, respectively, in the JMM0 
diet. One, 3%, 5%, and 10% JMM were supplemented at the ex-
pense of anchovy meal, referred to as the JMM1, JMM3, JMM5, 
and JMM10 diets, respectively. All experimental diets were at 
isonitrogenic (52.0%) and isolipidic (15.7%). The experimental 

diets were prepared to fulfill nutrient requirements of rockfish 
(Kim et al., 2001, 2007). 

The ingredients of the experimental diets were mixed 
with water at a ratio of 3:1 and pelletized by lab pellet-extruder 
(Dongsung Mechanics, Busan, Korea). The experimental diets 
were dried at room temperature overnight and stored in –20℃ 
until use. The experimental diets were randomly assigned to 
triplicate groups of fish and hand-fed to visual satiety twice a 
day (0900 and 1700) for 7 days a week during 8 weeks. Appro-
priate size pellet was fed as fish grew. The experimental diets 
were carefully fed to fish to minimize feed waste. Amount of 
feed supply was recorded for each tank, but uneaten feed was 
not collected. The tanks were siphon-cleaned daily.

Analysis of the experimental diets and whole body fish
At the end of the 8-week feeding trial, total biomass of each 
tank was weighed collectively. Five fish from each tank were 
randomly sampled for the whole body composition analysis. 
In addition, 10 fish from each tank were sampled for analysis 
of individual fish weight, total length and liver weight, CF and 

Table 1. Ingredients of the experimental diets containing various concentrations of jack mackerel meal (JMM) (DM basis %)
Experimental diets

JMM0 JMM1 JMM3 JMM5 JMM10

Ingredients (%)

Anchovy meal1) (CP: 72.3%, CL: 9.7%) 55 54 52 50 45

Jack mackerel meal (JMM)1) (CP: 74.2%, CL: 8.6%) 1 3 5 10

Fermented soybean meal2) 10.5 10.5 10.5 10.5 10.5

Wheat flour 23 23 23 23 23

Fish oil 4.5 4.5 4.5 4.5 4.5

Soybean oil 4.5 4.5 4.5 4.5 4.5

Vitamin premix3) 1 1 1 1 1

Mineral premix4) 1 1 1 1 1

Choline 0.5 0.5 0.5 0.5 0.5

Nutrients (%)

Dry matter 95.9 96.1 96.0 96.1 96.1

CP 52.1 52.0 52.0 52.0 52.0

CL 15.7 15.5 15.6 15.8 15.7

Ash 10.5 10.4 10.4 10.4 10.5
1) Anchovy meal (US$ 1,750–1,800 /ton) and 1) jack mackerel meal (JMM) (US$ 2,450–2,500 /ton) were bought from Abank (Seoul, Korea).
2) Fermented soybean meal was supplied by CJ CheilJedang (Seoul, Korea).
3)   Vitamin premix contained the following amount which were diluted in cellulose (g/kg mix): L-ascorbic acid, 121.2; DL-α-tocopheryl acetate, 18.8; thiamin hydrochloride, 2.7; riboflavin, 

9.1; pyridoxine hydrochloride, 1.8; niacin, 36.4; Ca-D-pantothenate, 12.7; myo-inositol, 181.8; D-biotin, 0.27; folic acid, 0.68; p-aminobenzoic acid, 18.2; menadione, 1.8; retinyl acetate, 0.73; 
cholecalciferol, 0.003; cyanocobalamin, 0.003. 

4)   Mineral premix contained the following ingredients (g/kg mix): MgSO4 ∙ 7H2O, 80.0; NaH2PO4 · 2H2O, 370.0; KCl, 130.0; ferric citrate, 40.0; ZnSO4 · 7H2O, 20.0; Ca-lactate, 356.5; CuCl, 0.2; 
AlCl3 · 6H2O, 0.15; KI, 0.15; Na2Se2O3, 0.01; MnSO4 · H2O, 2.0; CoCl2 · 6H2O, 1.0.

CP, crude protein; CL, crude lipid.
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hepatosomatic index (HSI). 
Experimental diets and homogenized fish body samples 

were analyzed for the chemical composition based on the 
AOAC standard method (AOAC, 1990). Moisture content was 
determined by oven drying at 105℃ for 24 h and crude protein 
was determined by the Kjeldahl method (Kjeltec 2100 Distil-
lation Unit, Foss Tecator, Hoganas, Sweden). Crude lipid was 
determined using an ether-extraction method (Soxtec TM 2043 
Fat Extraction System, Foss Tecator, Hoeganaes, Sweden) and 
ash was determined using a muffle furnace at 550℃ for 4 h.

Calculation used
The following equations were calculated: specific growth rate 
(SGR, %/day) = (Ln final weight of fish – Ln initial weight of 
fish) × 100 / days of feeding trial; feed efficiency ratio (FER) = 
weight gain of fish/feed consumption; protein efficiency ratio 
(PER) = weight gain of fish/protein consumption; protein re-
tention (PR) = protein gain × 100 / protein consumption; CF 
(g/cm3) = body weight × 100 / total length3; and hepatosomatic 
index (HSI) = liver weight × 100 / body weight.

Statistical analysis 
Statistical analyses were applied using SPSS 17.0 for Windows 
(SPSS, Chicago, IL, USA). Data were subjected to a one-way 
analysis of variance (ANOVA), followed by the Duncan’s multiple 
range test. Additionally, regression analysis was performed be-
tween dietary levels of JMM and weight gain, SGR, feed consump-
tion and CF of fish at the termination of 8-week feeding trial. 

Results

Survival, weight gain and SGR of rockfish fed the experimental 
diets containing various levels of JMM for 8 weeks are pre-
sented in Table 2. All fish survived at the end of the feeding 

trial. Weight gain and SGR of fish tended to improve with 
an increased inclusion levels of JMM in diets. The following 
correlation between the weight gain of fish (Y) and JMM (X) 
concentrations in diets was obtained: Y = − 0.0111X2 + 0.5859X 
+ 18.0480, R2 = 0.9830 (p < 0.0001) and Y max = 26.0 (X con-
centration), and Y = − 0.0010X2 − 0.0434X + 2.6516, R2 = 0.9797 
(p < 0.0001) and Y max = 21.7 (X concentration) for correlation 
between SGR of fish (Y) and JMM (X) concentrations in diets, 
respectively.

Feed consumption, feed efficiency, CF and HSI of rockfish 
fed the experimental diets containing various concentrations of 
JMM for 8 weeks are presented in Table 3. Feed consumption of 
fish tended to increase with an increased levels of JMM in diets. 
The following correlation between feed consumption (Y) and 
JMM (X) concentrations in diets was obtained: Y = − 0.0127X2 + 
0.5810X + 17.4140, R2 = 0.9744 (p < 0.0001) and Y max = 22.9 (X 
concentration) (Table 3). However, FER, PER, and PR of fish was 
not significantly (p > 0.05) influenced by the experimental diets.

CF of fish fed the JMM0 and JMM1 diets was significantly 
(p < 0.05) lower than that of fish fed the JMM3, JNM5, and 
JMM10 diets. The following correlation between CF (Y) and 
JMM (X) levels in diets was obtained: Y = − 0.0007X2 + 0.0166X 
+ 1.4204, R2 = 0.9434 (p < 0.0001) and Y max = 11.9 (X concen-
tration). However, HSI of fish was not significantly (p > 0.05) 
influenced by dietary inclusion levels of JMM. 

The chemical composition of the whole body of fish was 
not significantly (p > 0.05) influenced by the experimental diets 
(Table 4). 

Discussion

Quadratic responses (weight gain, SGR, feed consumption 
and CF) of rockfish depending on JMM levels in this study 
indicated that dietary increased levels of JMM acting as feed 

Table 2. Survival, weight gain and specific growth rate (SGR) of rockfish fed the experimental diets containing various 
concentrations of jack mackerel meal (JMM) for 8 weeks
Experimental diets Initial weight (g/fish) Final weight (g/fish) Survival (%) Weight gain (g/fish) SGR1) (%/day)

JMM0 5.3 ± 0.00 23.1 ± 0.06e 100.0 ± 0.00 17.8 ± 0.07e 2.64 ± 0.006e

JMM1 5.3 ± 0.01 24.3 ± 0.02d 100.0 ± 0.00 19.0 ± 0.03d 2.72 ± 0.005d

JMM3 5.3 ± 0.00 24.8 ± 0.05c 100.0 ± 0.00 19.5 ± 0.05c 2.76 ± 0.004c

JMM5 5.3 ± 0.01 26.0 ± 0.04b 100.0 ± 0.00 20.7 ± 0.03b 2.84 ± 0.002b

JMM10 5.3 ± 0.01 28.1 ± 0.08a 100.0 ± 0.00 22.8 ± 0.07a 2.98 ± 0.003a

Values (means of triplicate ± SE) in the same column with same superscript letter are not significantly different (p > 0.05).
1) SGR (%/day) = (Ln final weight of fish – Ln initial weight of fish) × 100 / days of feeding trial.
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attractants and/or stimulants improved growth performance, 
feed consumption and CF of fish. This was also well proved by 
Kim & Cho (2019)’s study, in which dietary inclusion of JMM 
at 5% among 5 ingredients showing strong attractiveness to 
rockfish achieved improvement in growth performance (weight 
gain, SGR and CF) of fish directly reflected from improved feed 
consumption. Kim et al. (2019) also showed that JMM achieved 
the strongest attractiveness to rockfish among 16 crude feed 
ingredients and difference in free amino acids, such as histidine 
and leucine in FMs could bring about that in feed attractability 
or palatability of fish.

As the maximum value in quadratic responses of each de-
pendent variable of weight gain, SGR, feed consumption and 
CF versus dietary JMM levels was estimated to be 26.0%, 21.7%, 
22.9%, and 11.9%, respectively, dietary optimum level of JMM 
for weight gain, SGR and feed consumption appeared to be ap-
proximately 22%–26%, but 12% for CF, respectively. Feasibility 
of incorporated JMM in commercial extruded pellet should be 
evaluated as JMM is one of the most expensive FMs commonly 
used in fish feed. Nevertheless, improved weight gain, SGR, feed 
consumption and CF of rockfish depending on dietary inclu-
sion levels of JMM indicate that desirable effect of manipulation 

of JMM in diets on growth performance and feed consumption 
of rockfish. 

Refstie et al. (2004) reported that dietary inclusion levels of 
fish protein hydrolysate tended to improve growth, feed intake 
and FER of Atlantic salmon (Salmo salar) when fish were fed with 
extruded pellets containing various levels (5%, 10% and 15%) 
of fish protein hydrolysate instead of FM for 68 days. Dietary 
inclusion of tuna viscera hydrolysate also tended to increase feed 
consumption and growth of Asian sea bass (Lates calcarifer), but 
achieved relatively poor feed consumption and growth over fish 
fed a FM-based diet when FM was completely substituted with 
poultry by-product meals supplemented with tuna viscera hy-
drolysate at 1%, 2%, 3%, and 4% acting as feed attractants in diets 
(Chotikachinda et al., 2013). Weight gain and feed consumption 
of turbot fed diets substituting 75% FM with rapeseed protein 
concentrate with increased amount of blue mussel meal were 
improved when 50% and 75% FM were substituted with rape-
seed protein concentrate supplemented with blue mussel meal 
acting as feed attractants at 2%, 4%, and 8% in diets (Nagel et al., 
2014). Paul et al. (2004) demonstrated that dietary inclusion of 
1% terrestrial plant-originated feed attractants composed of 25% 
Trigonella forenum graceum, 15% Myristic fragrans, 15% Piper 
betel, 20% Psoralea corylifolia and 25% Campheria sp. improved 
daily growth rate of rohu (Labeo rohita). Increased dried basil 
leaves in diets improved feed intake and weight gain of hybrid 
tilapia (Oreochromis niloticus × O. niloticus aureus) fingerlings 
when 0.5%, 1%, and 2% dried basil leave acting as feed attractants 
were included in diets (El-Dakar et al., 2008). 

Improved weight gain, SGR and CF of rockfish with dietary 
inclusion levels of JMM, but no difference in feed efficiency (FER, 
PER, and PR) among diets in this study indicated that improved 
growth performance (weight gain, SGR and CF) of fish was 

Table 3. Feed consumption (g/fish), feed utilization, condition factor (CF) and hepatosomatic index (HSI) of rockfish fed the 
experimental diets containing various concentrations of jack mackerel meal (JMM) for 8 weeks 
Experimental diets Feed consumption (g/fish) FER1) PER2) PR3) CF4) HSI5)

JMM0 17.2 ± 0.05e 1.04 ± 0.006 1.99 ± 0.011 35.4 ± 0.18 1.43 ± 0.005d 2.85 ± 0.005

JMM1 18.4 ± 0.05d 1.03 ± 0.001 1.98 ± 0.002 35.5 ± 0.18 1.43 ± 0.002d 2.85 ± 0.002

JMM3 18.8 ± 0.10c 1.04 ± 0.005 1.99 ± 0.009 35.1 ± 0.27 1.45 ± 0.003c 2.85 ± 0.002

JMM5 20.1 ± 0.05b 1.03 ± 0.003 1.99 ± 0.006 35.2 ± 0.36 1.50 ± 0.002b 2.84 ± 0.003

JMM10 22.0 ± 0.05a 1.04 ± 0.002 2.00 ± 0.004 35.0 ± 0.23 1.52 ± 0.006a 2.85 ± 0.002

Values (means of triplicate ± SE) in the same column with same superscript letter are not significantly different (p > 0.05).
1) Feed efficiency ratio (FER) = Weight gain of fish / feed consumption. 
2) Protein efficiency ratio (PER) = Weight gain of fish / protein consumption. 
3) Protein retention (PR) = Protein gain × 100 / protein consumption.
4) Condition factor (CF, g/cm3) = Total body weight × 100 / total length3 
5) Hepatosomatic index (HSI) = Liver weight × 100/total body weight.

Table 4. Proximate composition (%) of the whole body 
rockfish fed the experimental diets containing various 
concentrations of jack mackerel meal (JMM) for 8 weeks
Experimental diets Moisture Crude protein Crude lipid Ash

JMM0 69.1 ± 0.16 17.4 ± 0.01 8.0 ± 0.08 4.6 ± 0.06

JMM1 69.0 ± 0.10 17.5 ± 0.09 8.0 ± 0.15 4.4 ± 0.11

JMM3 69.1 ± 0.06 17.3 ± 0.07 8.1 ± 0.13 4.0 ± 0.08

JMM5 68.8 ± 0.23 17.4 ± 0.10 8.0 ± 0.12 4.3 ± 0.14

JMM10 69.1 ± 0.15 17.3 ± 0.07 8.0 ± 0.09 4.0 ± 0.08
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directly reflected from improved feed consumption, and JMM 
acted as feed attractants and/or stimulants to rockfish. Similarly, 
improved growth performance and CF of rockfish was directly 
reflected from improved feed consumption, but no difference 
in feed efficiency was also observed when FMs having different 
feeding attractiveness to rockfish were included at 5% in diets 
(Kim & Cho, 2019). Similarly, FER of turbot was not different 
among diets substituting FM with rapeseed protein concentrate 
supplemented with various levels of blue mussel meal (Nagel et 
al., 2014). Dietary inclusion of squid liver paste improved feed 
consumption of juvenile genetically improved farmed tilapia 
(Oreochromis sp.), but did not affect FER (Zou et al., 2016). 

Dietary inclusion levels of JMM did not alter HSI of fish in 
this study. Similarly, supplementation of feed attractants (fish 
soluble, krill meal, squid meal and their combination) in low 
FM-diets effectively improved feed consumption and growth of 
red sea bream, but did not alter HSI (Kader et al., 2010). Kader 
et al. (2012) also reported that low FM diets supplemented with 
feed attractants improved feed consumption and growth of red 
sea bream, but did not affect HSI when FM up to 30% were re-
placed with dehulled soybean meal supplemented with feed at-
tractants. Dietary inclusion of any feed stimulants (the mixture 
of nucleotides, taurine or squid liver paste) had no effect on HSI 
of tilapia (Zou et al., 2016). Tusche et al. (2011) also demon-
strated that HSI of rainbow trout was not affected by either 
dietary concentrations or sources of feed attractants. However, 
a contrast result that dietary inclusion of mussel meal acting as 
feed stimulants changed both CF and HSI of common sole was 
also reported (Mongile et al., 2015). 

The whole body composition of rockfish was not influ-
enced by dietary inclusion levels of JMM in this study. The con-
sistent result, in which the chemical composition of the whole 
body or carcass of fish was not altered by dietary inclusion of 
feed attractants and/or stimulants was also reported (Kader et 
al., 2012; Nagel et al., 2014; Paul et al., 2004; Zou et al., 2016). 

Conclusion

Weight gain, SGR, feed consumption and CF of rockfish im-
proved with dietary inclusion levels of JMM acting as feed at-
tractants and/or stimulants.
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