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Use of plant essential oils in fish aguaculture as growth promoters: A review. (222-237T)

Use of plant essential oils in fish aquaculture as growth promoters:

A review.

Iman Daw Amhamed', Gamaia Ali Mohamed Ali 2, Mohamed Omar Abdalla Salem®
'Department of Zoology, Faculty of Science, Al-Zintan University, Alzintan, Libya
’Department of Zoology« Faculty of Sciences, Azzaytuna University, Tarhuna, Libya
3Department of Biology, Faculty of Education, Bani Waleed University, Bani Waleed, Libya
Ibrahimemhemed72@gmail.com

(Aaaye Aud) Llal) slal) Au B gaill Cfjina Aalil) dutaad) Cygal aladiiud
Tl e 22 Pl 8 o Bnas Jagled ol
Sl QU (U Anala caghal) AAS (Glgal) ale and 1
o (Rigas gl Anals caslal) BS Glgaal) ple aud2
el ey (i el o Amaly (Al ZS oY) ud 3
Ibrahimemhemed72@gmail.com

tuaidlall

Aol Lalsiad (gail S Ll CBLEY) o el aladiad Sy ASl cla¥) Aup b
Jeadl gaiy Aoy Fadl Ale) Gl (e dliglly cdelidd) juiaily b dona Alla e Jlially de) Sl
Ll Lfian cus cdpile Gl Ll cilatia) oda G e ol ) Zalall Lyhaall cugnll Qdan . Ja Al
dae daad WS o Wia aaeS dalall cagl) e wpsell chandial dlly Cila ) A5lly iy cillgaal
o 8ball a8 e sladly dlec) dniay o Gpeand ) (535 Les cllonl) ciling A4S (e Julii) dlacd) )
duile il Aol Ljlaall Cipl) aadis Al Baall Sluhall G 5K Alall sda a2k 20K ALY
33ally deyally aneall (g (AL de) el e il o el b
e Y o) cduilal) cla ¥ duyi ¢ paill ol copill rdaalita) cilalgl)

Abstract:

In aquaculture, various natural feed additives are used to achieve farmed fish
sustainability and maintaining a good health status, stimulate immunity, and prevent
diseases of the cultured fish with better growth and less cost. Plant essential oils attract
attention among these natural products as feed additives, as they are considered to be safe
for animals, humans, and the environment. Besides that, many plant oils have used as a
source partially or completely replace fish oil for reducing the cost of fish meals, yielding
improved fish growth, fish health and survival after bacterial infection. The present
article gives an idea about the recent studies that utilize plant essential oils as feed
additives in many cultured fish species with different initial body weight, dose and
duration.

Keywords: Essential oils, growth, aguaculture, fish, feed additive.

Abbreviations:

CF, Condition factor; FCR, Feed conversion ratio; FW, Final weight; GIFT, Genetically
improved farmed tilapia; SGR, Specific growth rate; WG, Weight gain.

Symbols:

1 indicates increase, | indicates decrease, <> indicates no change.
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Use of plant essential oils in fish aguaculture as growth promoters: A review. (222-237T)

Introduction:

Aquaculture is one of the fastest developing growth sectors in the world. Therefore, it
is an important commercial activity in many countries (Sahu et al., 2008; Mohamed et al.,
2018).The main objective of aquaculture is maximized growth with fewer costs.
Therefore, nutrition of fish is considered one of the most factors that can influence the
growth rate and health status of the cultured fish (Farahi et al., 2010). Recently, the global
aquaculture production has increased vastly in the last years for protein requirement of
humans. With the development of aquaculture, the problems and threats started in
increasing. Fish are exposed to several infectious diseases which can reduce the fish yield
(Erguig et al., 2015; Syahidah et al., 2015). The use of antibiotics and chemotherapeutic
agents for controlling diseases can reduce the mortality and improve the growth rates;
however, they are often an expensive and unhealthy way to treat any disease (Lauzon et
al., 2010). The excessive use of antibiotics as immunostimulants has led to an increase in
the antibiotic resistance by microorganisms, which causes problems when treating
microbial infections in an aquaculture setting (Ringg et al., 2010; Bulfon et al., 2015).
Moreover, the antibiotic and chemotherapeutic residues can remain in fish tissues, which
may threaten the health of human consumers and cause pollution of the aquatic
environment (Biswas et al., 2010; Bulfon et al., 2015; Syahidah et al., 2015; Kadak and
Salem, 2020; Salem et al., 2021). In this paper, we will review recent studies that utilize
essential oils in fish culture. Data were obtained from different scientific literature
databases such as Research Gate, Pub Med, Google Scholar and Web of Science and
Science Direct. This scientific review were included researches reported and published
from 2011- 2022, and around 68 references.

Health benefits of plant essential oils in aquaculture

In the past decade, the application of medicinal plants or their phytochemicals as
alternative medicines to chemical medicines in the aquaculture sector have received
immense attention and increased significantly for different activities as antimicrobial
(Reverter et al., 2014; Erguig et al., 2015), antioxidant (Gabor et al., 2012; Syahidah et
al., 2015; Sénmez et al., 2015; Salem et al., 2021). Also act as immunostimulants
(Alishahi et al., 2010; Awad et al., 2013; Elbesthi et al., 2020), appetite stimulator,
ameliorative digestibility (Lee and Gao, 2012; Santoso et al., 2013), growth promoters
(Banaee et al., 2011; Asadi et al., 2012), increasing survival rates (Sankar et al., 2011;
Hwang et al., 2013). Besides that, many plant oils have used as a source partially or
completely replace fish oil for reducing the cost of fish meals (Hixson et al., 2014;
Dinardo et al., 2020; Chung et al., 2021), yielding improved fish growth, fish health and
survival after bacterial infection (Ahmadifar et al., 2011; Swathy et al., 20.18;
Ghafarifarsani et al., 2021). Recently, many studies have been replaced chemical drugs
with plant oils in the aquaculture industry (Toyes-Vargas et al., 2020; Yan et al., 2020;
Betancor et al., 2021; Willor et al., 2021). The use of plant oils in aquaculture could also
reduce treatment costs associated with the side effects of chemotherapeutic and antibiotic
use (de Souza et al., 2019; Mu et al., 2020; Magouz et al., 2021). Hence, the use of plant
oils as supplemented diet in aquaculture has been successful because they are available,
have fewer side effects, are cheaper, safer, biodegradable, biocompatible and eco-friendly
(Bulfon et al., 2015; Junior et al., 2018; Tastan and Salem 2021).
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Table 1. Effects of dietary plant essential oils supplementation on growth in fish.

plant e?sentml Fish spec!e? n.m:l initial Dose and duration otable References
oil hody weight results
Encapsulated o TFW
combination of ( Omiﬁiﬂr?ﬁ'ﬁﬁ} 20and 3.0 gkg! TWG Ahmadifar
carvacrol 4 01g for 45 days TSGR et al (2011)
and thymol S=RE TFCR
Yellowtail kingfish (Seriola .-
Canola Oil lalandi) 50,100% for 34 days Lgrowth  Bowyer etal
. (2012)
3.6=x01g
Carvacrol and Rainbow trout Giannenas et
(Oncorhynehus mykiss) 1 gk for 8§ weeks - 2117
thymol 1130104 g Growth al (2012)
Lippia aiba E;f‘g:j‘;;;ﬁfa} 025,05 100r20ml o Saccol et
ol ;
2093075 g kg! for 60 days Growth al (2013)
Thymol ;ffj; [ (ﬁ‘% 01020ad30 . Abmadifar et
carvacrol N > g'kg for 60 days ow al (2014)
436x16g
Mozambique Tilapia
Peanut Oil Juveniles (Oreochromis  50% and 100% for 60 T WG Demir et
eaum L mossambicus) days TFCR al (2014)
6.3620.19 ¢
Palm oil ) Dmi;:]]s?;;airggmm 40% for 36 weeks [ Feed Khaoian et
o R ] o itake  al(2014)
Camelina Atlantic salmon (Salmo full Hixson et al
(Camelina salar) replacement For 16 - (2014)
satival) oil M246g offishol  Veeks  Growth
Rainbow trout For 12
(Oncorhynchus mykiss) E}r ak_ T Growth
49£10¢g weess
At]annc cod For 13
(Gadus morhua) weeks
144=16¢
Encapsulated
combination of Great sturgeon (Hiiso 1,2and 3 gkg™! Ahmadifar
huso) ) T Growth
carvacrol B6=16 for 60 days etal (2014)
and thymol V=108
Yellowtail Tetra 0.0,0.5,1.0,1.5,2, De Voraes
Oregano (Astyanax altiparanae) and 2.5 gkg T Growth an
1465009 g for 90 days Ferreira et ol
T : (2014)
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Darkbarbel catfish
Linseed oil (Peltecbagrus vachelli) 2 and 4% for 46 days GrH +h Lietal (2014)
099=001g ow
Sage (Sahvia Rainbow trout 500, 1,000 and 1.500 TWG Sonmez
officinalis) oil (Oncoriynchus mykiss) mg kg™! for 60 days TSGR et al.(20153)
506011 g S
Mint (Mentha t ; ::_.;13
spicata) oil 1FCR
Thyme (Thymns TWG
vilgaris) oil T 8GR
) Mozambique tilapia .
S;EEt Ol::mge (Oreochromis 01,03 and 0.5% I WG Acar et al.
eel (Citrus . ] TSGR -
. . mossambicus) for 90 davs (2015)
sinensis) 0981003 g TFCR
1.8-cineole, Rambow trout 0.5. 1. and 1.5% for 60 Sonmez
carvacrol or (Oncorhvnchus myldss) T da\;s ’ T Growth et al (2015b)
pulegone 133008 g : -
. . Mozambique tilapia ;
= WG
Cnirus I'lmc::'_:l I (Oreochromis 0.5, 0.75 and 1% for SGR Baba et al.
peels e.'i;lsen 1a mossambicus). 60 days - (2016)
0 12.87+0.18 g = FCR
Red drum (Scigenops 0,025 05 1.0, and Sutili et al
Lime basil ocellatis) 2.0 g'kg diet for 7 GrH h (?DES») )
17.75+0.1 g week ow -
Peanut Ol Sea brz“;z rif‘""”s 50%and 100% for - Kesbic et al
eak 2
10372025 g Sweeks Growth (2016)
Clove Basil
(Ocimnmn .
gratissinm) ) GHTT I‘ﬂaga N 0.5, 1.0 and 1.5% for Brum et al.
. {Oreochromis niloticis) S T Growth
and ginger 184=052¢g 35 davs (2017}
(Zingiber T
afficinale)
O Rainbow trout 0.125,15,2.5 and S
( i rm]i;m (Oncorlynchus mykiss) 3.0mL kg™1) for T Growth (%le 7 )
om.tes- -.}. 2605+0.15¢ 90 davs 2
essential oil .
Citrus limon Ningu (Labeo victorianus}) 20 5 .
peel essential fingerlings IE’ __Dl z'oﬂrﬂddigsg T Growth h%%le?t)al.
oil 210+24¢g & ; -
. Rainbow trout I
Grape (Vitis . P 250, 500, 1,000 mg'kg Arslan ef al.
vinifera) seed oil (Orncariy ;r;hgs{s MyKss) feed for 60 days T Growth (2018)
cer.ltnrj:' oil common carp (Cyprinus 5 and 10 g'kg for 60 Acar et al.
(Hypericim carpio} days TSGR (2018)
perforafum) i B
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Limonene and Mile tilapia limonene at T Growth Aanyu,
thymol (Oreachromis 15+00e 200, 400, and Betancor, and
mniloticus) T % 600mgkg™! Monroig,
for 63 (2018)
thymol was days
500 ppm
Nile tilapia 0.0, 1.0, and 2 mL'kg
(Oreochromis niloticus) for T Growth ElHawarry et
Oregano 13.21=1.71 to 10 weeks al (2018)
1424+118g
. . . Rainbow trout - )
Cm”::f;?’“ (Oncorlymchus mykiss) Djlioragg ?éf_‘___l';g_l T Growth Gultepe (2018)
p 448003 g )

Rainhow trout -
pomegranate I ) 0.5%.1.00% .and T Growth Acar et al.
seed oil (Oncorhynchus mykiss) 2.00% for 60 day (2018)

Nile tilapia (Oreocchromis . Amer,
. . 3T e :
Cmn;mtz:ldehl}e niloticus) I'and _?npﬂallg diet for T Growth Metwally and
and thymo 10.2£0.06 g 2 days Ahmed (2018)
cannabis seed Rainbow trout 0.5. 1% and 2% for -
oil (Cannabis (Oncorlnmchus mykiss) o -f:}G da'\.-'; o T Growth Saleh (2019}
sativa) 17.23+0.39 gr y
common carp (Cyprinus - .
juniper berry oil carpio) 5 and 10 (JBO-10) T CGrowth Keshig
= 3072015 g mlkg for 60 days (2019a)
Cinnamon Oil Rainbow Trout - .
} 2 'k
(Cinnamomum (Oncorinmchis mykiss) 1.2 fira;l[? éf‘_:]l'kg T Growth I,!{g ]51;1;‘
verum) 10.68+0.35 3 (2 )
Citrus. Sitver catfish (Rhamdia 025,05 1.0 and 2.0
aurantinm guelen) mlkg—1 diet for T Growth lo[:ﬂ:;eos.l;t al
essential oil) 1% =04g 60 days (2018)
Soybean oil e ﬂai:’ég;‘ff;hm”m 15.30,45 and 60 ¢ TFW Godoy et al.
o e 5 - T
42533+3237 g kg™ for 50 days TWG (2019)
Oa‘n-;mn Nile tl'la}ng [Qa'eochmm;fs 0.25.0.5. 1.0 and 2.0 de Souza et
basilicum rloficus) kg diet™! for 45 days T Growth al.(2019)
essential oil 1213011 g & . o
Rainbow TFW
Thymus vulgaris ( Oncmﬁwﬁ%riiﬁ@ﬁm} 0.5 mg kg 1 feed for 2 TWG Zargar et al.
essential oil - 10g - months TSGR (2019)
TFCR
Camelina GIFT Tilapia {Oreochromis Toves-Vareas
(Camelina niloticis) 6% for 8 weeks G’rH h et 4l [?U?E)
safiva) oil 28xé6g ow T
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Bergamot
(Cltrus.. Nile n]a;ng (Qa'eaﬁhmmm 0.5%, 1.0%, and Kesbic et al
bergamia) niloticus) 2.0% for § weeks T Growth (20202)
peel oil 257006 g - -
essential oil
Keshig et al.

from the leaves  common carp (Cyprinus
0.5%, 0.75% and 1%
T Growth (2020b)

of Monterey carpio)
Cypress 786£015¢g for 60 days
(Cupressus
macrocarpa)
i 025,05 10, and2.0
Citrus = latifolia Tambagqui (Colossoma 00 an Lopes et al.
tial oil MACTOpOmm ml essential oil kge—1 T Growth (2020)
essential oil) 221059 diet for 60 days o
Bitter lemon (C. Nile tilapia (Oreochromis — 56 204 194 for 60 Mohamed et
. niloticus) ) T Growth
limon) peels 164220059 g day al. (2020)
Nile tilapia (Oreochromis 0.25,0.50, 1.00 and TFW de Souza et al
Aloysia triphylla niloticus) 2.00 ml kg diet™ for TWG (2020) )
1079002 2 45 days. TSGR T
Rosemary ¥ “‘”Eéi Eaj;;gfm 0.01,01.1and2% for  ~  Ebrahimietal
essential oil 13094=528 g 8 weeks Growth (2020)
Oregano _ TFW
(Origanum Commeon 'f?IP (LC;LF’ THE 5 10,15and20gkg  TWG  Abdel-Latif
vulgare L.) ;Efff ﬂu s diet for 2months TSGR et al(2020)
essential oil o =R0E ~FCR
Sea bass (I_)rlcenﬁ'm'cf:rr{s 100 and 200 ppm for Dinardo et al.
labrax) 60 davs T Growth (2020)
8083£211¢g : —
Hot pepper rainbow trout o s ) .
(Capsicum sp.) (Oncorhynchus myliss) 1%0 2% 4% EI__ld 6% T Growth Parrino et 2l
) , for 60 days (2020)
oil 720£057g
, . , TFW
Menthol Nie nlapug (Q? eochromis cor i TWG  Dawood et al.
o niloticus) 0.25% for 30 days
essential oil N111l4g ) TSGR (2020)
- ' L FCR
Corn oil, tea oil, Hybrid grouper (¢ 5% for 8 weeks - WG  Yanetal
olive oil, rice oil Epinephelus fuscoguttatus - SCR (2020)
o x o"E lanceolatus). L WG
Sunflower oil 15.09 £ 0.01 g J. SGR
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(222:237)
Oregano Nile tilapia (Oreachramis
(Origanum niloticus) 1, or 2 ml’kg for 12 TFW  Shourbela et al.
vulgare L). . weeks TWG (2021)
L 11.5£04¢
essential oil
Gmfj;;ﬁ[}ﬁ;;mer Nile ﬂai;[j(gio)cfii'oiarrs 0510, 1.5ad20m T Growth Chgl[%??; al
A o] . LU
7782010 g kg diet ! for 60 days  TFCR
Sovh 1 Brown trout (Salmo frurta) 33, 67 and 100% o Mehtap Bayrr.
oybean o 102202¢ for 90 days Growth (2021)
Transgenic European sea bass c 5o
(Camelina (Dicentrarchus labrax L.) 37,74 and 8.2% for |Growth Betancor et 2l
: 4 months (2021)
sativa) 167092 g
Nettle Ramnbow trout
(Urtica (Oncorhynchus mykiss) 0.5, 1% and 2% for G»rH " Lakwani
dioica) 2239£01¢g 60 days ow (2021)
seed oil
N . , TFW
Menthol € ﬂaﬁ;égiﬁ)ﬁh’ oM 01,0203, a0d04% TWG  Magou etal
essential oil — for § weeks TSGR (2021)
15112006 ¢
TFCR
Lippia sidoides Tambaqu (Colossoma 0.625and  For - Monteiro et al
essential oils macropomim) 1.25 gke 60  Growth (2021)
_ 14.0241.00¢ day
Octmm 125and50 S
grafssinmum oks
essential oils
Zingiber C 4.
2
officinale 123 Td >0
essential oils £
Rainbow trout TEW
Thyme E:ssential (Oncorhynchus myfiss) 1% for 30 days WG Ghafarifarsai
oil N TSGR etal(2021)
2077=0.08 g
TFCR
Thymol and Nile nlapig (Q:-eochmnn’s 300 mg,lv.g for 8 . Ning et 2.
acrol niloticus) weeks. Growih (021)
Carvacro 800001 g oW 202
Essential Oil commeon carp Cyprinus
from the Bitter R 025%,050%, 1% .. . Acaretal
Orange (Citrus o and 1.5% for 60 days ow (2021)
: 194=z005¢
aurantinm)
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blend of liquid
essential oils
containing
(carvacrol,
oregano, Nile tilapia 025,05and 1mkg! TFW Magouz et al
1,8 cineol, (Oreochromis niloticus) for 60 days TWG -~ E}D”} )
thymol, pinene, 196=x051¢g TSGR o
pinene fj,
limonene, and
propylene
glycol)
Black mustard Rainborw trout ; .
(Brassica }Iu:gm} (Oncorhynchus mykiss) 0.5, 1% and 2% for T Growth Lakwanietal
' ) 2239x01¢g 60 days (2022)
seed oil
savory (Sa{me;a Caspian ruth (Rutilus 100, 200, or 400 me'ks Ghafarifarsai
haortensis) caspicus) for 60 davs 1Growth et al.
essential oil 229x007¢g ’ (2022)
annmun silver catfish (Rhamdia . Bandeira
Cinnamonnm _ TFW .
) . guelen) 1.0 mL for 60 days . Junior et al.
cassia essential 6.62=078 o TWG (2022)
oils -
pregia  Rtmet gy o e
L oil S5+56g 0.3 mg'kg for 60 davs  Growth (2022)
thyme essential Rlaml]m“ tmutl. , 1% and 2% for T Growth  Yousefi et al.
. (Oncorhynchus mykiss) )
oil 1192006 ¢ 60 days (2022)
oregano )
(Origanum Black SE? 5;#“‘?“ Salmo 55 100, 200, and 400 - Ovzel et al
vulgare) ; Sf:a“gl . mg kg1 for 90 days  Growth (2022)
essential oil T F
carvacrol , - . . . .
tymotand NS EROECTE 5567 md 0gke- TGrowh Tl A
cinnam aldehyde 22.86 = 0 46 ¢ 1 die for 60 days al (2022)
acid -

Overview on the use of plant essential oils in aquaculture

In the present paper, we observed that plant essential oils have great potential to be used
in aquaculture as feed additives. According to studies reviewed (Table -1), we can infer
that plant essential oils has different effects on growth improvement in growth
performance could be related to many factors such as dose-dependent and appear to be
species-specific and nutrient digestibility, nutrient absorption, improved digestive
enzymes and maintaining the function and structure of the gastrointestinal of fish, leading
to an increased digestive capacity of the gut (Chung et al., 2021). Also, some studies
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reported growth retardation after the plant oils supplementation. The reason behind this
inference is that some plant oils leading to a decreased digestive capacity of the gut by
inhibitory effects the activities of digestive enzymes secretion or adversely affect feed
palatability (Yan et al., 2020).

To avoid such undesirable consequences, further studies should be conducted taking into
mentioned the above possibilities while selecting the plant oils supplementation and
administration dose.

Conclusion:

Plant essential oils provide enormous beneficial effects in aquaculture by improving
appetite, stimulating immune responses, microbial balance, antioxidative capacity, and
disease resistance of cultured fish. At the same time, plant essential oils provide growth-
promoting and feed utilization effects. A comprehensive review illustrates that the
primary determinants of plant essential oils efficacy in cultured fish are the concentration,
the oil’s source, and duration of administration. This review article indicates clearly that
plant essential oils have beneficial effects on aquatic animals’ performances, and can
feasibly replace chemotherapies and antibiotics for clean, healthy, and sustainable
aquaculture.

Recommendations:

It is recommended to use natural products such as plant oils in developing alternative
dietary supplements that enhance growth performance and the health of cultured fish
because these products are inexpensive, safer, effective, can be easily prepared, and have
few side effects on animals and the environment. Also, it is recommended strongly to be
further studied dosage optimization in terms of ideal dose, duration, mode of
administration and mechanisms of action on aquatic animals. The use of medicinal plants
in aquaculture will continue to grow at a confident pace. Commercially available plant
oils will be strongly recommended in the global market for large-scale use in aquaculture.
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