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Abstract – — Feed is an important factor that plays a key role in the development of fish farming activities, but there are obstacles, 
namely quality, and cost. Vegetable protein sources derived from plants can be used in feed formulations due to their relatively low 
prices and sustainable availability. This study aims to summarize the results of the Systematic Literature Review (SLR) from the 
analysis of several studies related to the latest findings regarding the use of local plants as candidates for sources of vegetable protein in 
artificial feed for sustainable fish farming. This type of research is qualitative by using the Systematic Literature Review (SLR) method. 
These 25 plant species have promising potential as sources of vegetable protein for fish feed and have been proven to improve feed 
quality and fish growth. Protein is one of the nutrients that affect fish growth. Protein derived from plants is the most suitable 
alternative to reduce feed production costs but can improve the nutritional quality of feed. 
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I. INTRODUCTION 

Aquaculture is one option for increasing and maintaining human food security and poses very important economic 
challenges [1,2]. In 2016, aquaculture provided around 47% of fish in the world market with Asia accounting for around 89% of 
global aquaculture production over the past 20 years [3]. Optimum utilization of high-quality feed ingredients rich in protein 
content is one of the efforts in developing aquaculture [4]. Aquaculture which is carried out intensively requires continuous 
availability of quality and quantity of feed [5]. 

Aquaculture activities supply high-quality protein feed at an affordable cost [6]. Feed is an important factor that plays a 
key role in the development of fish farming activities, but there are obstacles, namely quality, and cost [7]. About 60-70% of the 
total expenditure in commercial aquaculture activities comes from feed [8]. Fish require high-quality, nutrient-rich feed to support 
adequate growth in a short period of time [9]. Therefore, the progress of aquaculture development is determined by the production 
and use of low-cost feed ingredients that are balanced and have high nutritional content [10]. The main nutrient that must be 
considered in selecting ingredients for feed formulation and production is protein [11]. 

In aquaculture feed, protein is one of the main macronutrients to support fish growth. In addition, protein is needed by fish 
to form new tissue and replace damaged tissue [12,13]. One source of protein that can be utilized in feed is vegetable raw 
materials. Fish feeds that use all or part of vegetable raw materials have been reported to be effective and inexpensive. However, 
most researchers recommend using part of vegetable protein to be more effective [14,15]. 
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Vegetable raw materials are used as a source of vegetable protein in feed formulations due to their relatively low prices 
and sustainable availability [16]. Alternative vegetable protein sources that can be used in fish feed formulations are derived from 
local plants that have not been utilized optimally. Therefore, to achieve fish feed production that is economically sustainable, and 
environmentally friendly, it is necessary to have the latest innovations in utilizing local plants as raw materials for fish feed. This 
study aims to summarize the results of the Systematic Literature Review (SLR) from the analysis of several studies related to the 
latest findings regarding the use of local plants as candidates for sources of vegetable protein in artificial feed for sustainable fish 
farming. 

II. RESEARCH METHODS 

This study uses a type of qualitative research. The method used is a Systematic Literature Review (SLR). SLR is a method 
that aims to identify, review, evaluate and interpret data in journals systematically according to the steps specified [17]. In 
searching for and collecting data related to the topic raised regarding the study of the use of local plants as a candidate source of 
vegetable protein in artificial feed for sustainable fish farming by collecting all articles, using Google Scholar, Web of Science, 
and Publish or Perish. Data were analyzed descriptively and tabulated into tables to summarize all the data obtained. For the year, 
the country of each publication and the top 10 plant genera are presented in graphical form. 

III. RESULTS AND DISCUSSION   

40 studies have been conducted in various countries to obtain sources of vegetable protein from several plant species. As 
many as 25 species from 14 plant families have the potential as sources of vegetable protein in feed formulations for various types 
of fish. The list of plant species used as a source of vegetable protein in artificial feed for various types of fish is shown in Table 
1. 

All recent studies on the potential of plants as vegetable protein feed indicate a great opportunity to develop fish farming 
activities, especially for the production of feed at an affordable cost. The research that has been carried out uses the Completely 
Randomized Design (CRD) method by conducting data analysis using SPSS software predominantly. This shows that utilizing 
plants in fish feed can affect the growth of various types of fish. Figure 1. shows the published data reviewed and the latest 
research results from 2013 – 2022. Most research on the use of plants as raw material for fish feed was carried out in 2020, while 
the least was done in 2014. 

 

Figure 1. Number of publication data in each year 

Figure 2. shows the amount of published data on the use of various plant species for each country. Most of the data is 
found in Indonesia, while the fewest are from Vietnam, Thailand, Italy, Iran, Egypt, Denmark, and Bangladesh. The large number 
of studies conducted in Indonesia is due to the large number of plant species that have the potential to be raw materials for fish 
feed. Indonesia is included in the Mega Biodiversity country because it is rich in biodiversity, both animals and plants that are 
found. As many as 25 plant species in the world have the potential as a source of vegetable protein in fish feed for sustainable fish 
farming. 
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Figure 2. Number of publication data for each country 

Feed is considered one of the factors to increase fish production. Therefore, the progress of the aquaculture industry and 
technology is determined by the manufacture and utilization of feed that is cheap and has balanced nutrition [18,19]. Feeds that 
contain protein, essential amino acids, fatty acids, vitamins, and minerals are generally able to increase the palatability of fish to 
consume the feed given [20]. 

Table 1. List of plant species as a source of vegetable protein feed for various types of fish 

Plant Species Fish Species 
Inclusion 
Level (%) 

Recommended 
Level (%) 

Key Findings References 

Azolla microphylla Osphronemus 
goramy 

0; 25; 50 
75; 100 

25 Increase specific growth rate, 
absolute weight, consumption i 

feed and protein efficiency ratio 

[21] 

Azolla pinnata Barbonymus 
goniototus 

0; 25; 50; 
75; 100 

25 in higher farming profits [22] 

Azolla pinnata Labeo calbasu 0; 10; 20 ; 
30; 40 

30 There is no adverse effect on 
digestibility and improves the 
nutrition and utilization of fish 
feed 

[23] 

Azolla pinnata Labeo 
fimbriatus 

0; 10; 20 ; 
30; 40 

40 There is no adverse effect on the 
growth and survival of fish 

[24] 

Azolla pinnata Cirrhinus 
mrigala 

0; 10; 20; 
30; 40 

40 Increase fish weight and survival 
and economic performance 

[25] 

Colocasia esculenta Oreochromis 
niloticus 

0; 10; 15; 
20; 25 

20 Improve growth performance and 
feed efficiency 

[26] 

Colocasia esculenta Osphronemus 
goramy 

0; 5; 10; 15 10 Produces maximum fish growth [27] 

Curcuma xanthorrhiza Osphronemus 
goramy 

0; 14; 16; 
18; 20 

14 Increase absolute weight, 
absolute length, feed efficiency 
and fish survival 

[28] 

Delonix regia Clarias 0; 20 ; 40; 40 There was no negative effect on [13] 
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gariepinus 60; 80; 100 growth response, feed utilization 
and survival and was able to 
reduce feed production costs 

Eichhornia crassipes Cyprinus 
carpio 

0; 10; 20; 
30; 40 

40 Produces an optimal specific 
growth rate, feed conversion ratio 
and fish survival 

[29] 

Eichhornia crassipes Oreochromis 
niloticus 

0; 25; 50; 
75; 100 

50 Increases enzyme activity, 
growth performance and fish 
digestibility 

[30] 

Eichhornia crassipes Labeo rohita 0; 5; 10; 15 
20 

15 No adverse effects on growth and 
nutrient digestibility 

[31] 

Ficus carica Huso huso 0; 0.1; 0.2; 
0.4 

0.2 Improve growth, feed efficiency, 
blood factor and fish immunity 

[32] 

Ficus racemosa Osphronemus 
goramy 

0; 10 ; 20; 
30; 40 

20 Improving the physical, 
organoleptic and chemical quality 
of feed 

[33] 

Gracilaria 
tenuistipitata 

Oreochromis 
niloticus 

100; 80; 
60; 40; 20; 
0 

80 Increase growth, reduce feed 
costs and maintain water quality 

[34] 

Ipomoea aquatica Laboe rohita 0; 30; 40; 
50 

40 Improve performance of specific 
growth rate, survival and feed 
utilization 

[35] 

Lemna gibba Clarias 
gariepinus 

0; 10; 20; 
30 

30 Resulting in increased fish weight 
and length, feed conversion ratio, 
protein efficiency ratio and better 
survival 

[36] 

Lemma minor Oncorhynchus 
mykiss 

0; 10; 20; 
28 

20 There is no negative effect on 
fish growth 

[37] 

Lemma minor Cyprinus 
carpio 

0; 5; 10; 
15; 20 

20 Increase the growth, survival and 
nutritional value of carp 
including EPA and DHA 

[38] 

Lemna sp. Oreochromis 
niloticus 

0; 25; 50; 
75; 100 

25 Increase the growth rate and 
immunity of fish 

[39] 

Leucaena glauca Oreochromis 
niloticus 

0; 5; 10; 15 10 Increase the growth rate of fish [40] 

Leucaena leucocephala Osphronemus 
goramy 

0; 10; 15; 
20 

15 Increase protein content and 
decrease crude fiber, resulting in 
optimal feed conversion ratio and 
fish survival 

[41] 

Leucaena leucocephala Osphronemus 
goramy 

0; 20; 40; 
60; 80 

40 Feed conversion ratio, protein 
efficiency ratio and survival 
showed better performance 

[42] 
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Leucaena leucocephala Clarias 
gariepinus 

0; 10; 20; 
30; 40; 50 

20 Increase the growth and protein 
content of fish 

[43] 

Leucaena leucocephala Tilapia zillii 0; 2.5; 5; 
7.5; 10 

7,5 Improve performance-specific 
growth rate and feed conversion 
ratio 

[44] 

Leucaena leucocephala Clarias 
gariepinus 

0; 25; 50; 
75; 100 

0 Produce optimal fish growth 
performance and feed production 
costs 

[45] 

Manihot utilisima Osphronemus 
goramy 

0; 5; 10; 
15; 20 

20 Improve feed digestibility, feed 
efficiency, protein retention, 
survival and specific growth rate 

[46] 

Manihot utilisima Cyprinus 
carpio 

0; 10; 15; 
20; 25 

10 Improve absolute weight, daily 
weight and feed conversion ratio 

[47] 

Moringa oleifera Colossoma 
macropomum 

0; 10; 20; 
30; 40 

20 Provides influence on feed 
efficiency, protein retention and 
specific growth rate 

[48] 

Moringa oleifera Osphronemus 
goramy 

0; 2; 4; 6 4 Improve fish growth performance [49[ 

Morus indica Labeo rohita 0; 25 ; 50; 
75 

50 Increasing amylase enzyme 
activity, carbohydrate utilization 
and fish growth 

[50] 

Musaceaea sp. Pangasius 
hypophthalmus 

0; 5; 10; 
15; 20 

20 There is no negative effect on 
fish growth 

[51] 

Nelumbo nucifera Clarias 
gariepinus 

0; 0.1; 0.5; 
1 

0.1 Growth enhancement, gut 
morphology and feed utilization 

[52] 

Nymphaea sp. Cyprinus 
carpio 

0; 30; 40; 
50 

40 Increase weight, specific growth 
rate, feed conversion ratio, 
protein efficiency ratio and fish 
survival 

[53] 

Pistia sp. Labeo rohita 0; 10; 20; 
30 

20 The highest weight, specific 
growth rate, feed conversion ratio 
and protein efficiency ratio 

[54] 

Pistia stratiotes Oreochromis 
sp. 

0; 10; 20; 
30 

0 Improve the nutritional quality of 
feed 

[55] 

Pistia stratiotes Clarias 
gariepinus 

0; 25; 50; 
75; 100 

50 Feed utilization efficiency, feed 
conversion ratio, protein 
efficiency ratio and survival are 
better 

[56] 

Pistia stratiotes Labeo rohita 0; 10; 20; 
30; 40; 50 

30 Highest absolute weight and 
specific growth rate and lowest 
feed conversion ratio 

[57] 

Salvinia molesta Oreochromis 0; 10; 20 ; 10 Increase growth, feed efficiency [58] 
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niloticus 30; 40 and survival of fish 

Zingiber officinale Osphronemus 
goramy 

0; 75; 50; 
25 

75 Improves weight and length 
growth, feed conversion ratio and 
feed efficiency 

[59] 

Various species of Azolla have been used as fish feed ingredients including Azolla microphylla . Giving A. microphylla 
fermented flour as much as 25% in the feed resulted in a feed conversion ratio value of 1.00, a protein efficiency ratio of 6.39% 
and a specific growth rate of O. goramy fish of 0.52% [21]. A. microphylla flour is used as a substitute raw material for fish meal 
which has a protein content of 19.54% - 31.25% [60,61]. 

In addition, A. pinnata has also been used as a source of vegetable protein for fish feed. Among them for B. ganiototus fish 
feed, using A. pinnata can reduce feed production costs [22]. The nutritional content of L. calbasu fish feed has increased and 
reduced feed costs [23]. The use of A. pinnata was able to influence the digestive enzyme activity of L. fimbriatus fish [24] and 
can be used as raw material to be considered for low-cost feed formulations for C. mrigala fish [25]. Different results were 
obtained from the research that had been done because the fish species used had different eating habits. Therefore, the Azolla 
plant can be used as a source of vegetable protein for fish feed because it contains protein, vitamins and minerals which are good 
for fish growth. 

 C. esculenta leaves as a substitute for soybean meal in feed formulations affects the growth and efficiency of O. niloticus 
fish [26] and O. goramy fish [27]. The value of the feed conversion ratio, protein efficiency ratio and energy retention increased 
significantly with the addition of C. esculenta leaves in the feed [26]. The addition of C. xanthorriza extract in artificial feed can 
increase weight, absolute length of feed efficiency and survival of O. goramy fish [28]. Substitution of groundnut meal with D. 
regia leaf meal as an alternative protein source showed a response to growth, feed utilization and survival of C. gariepinus fish. 
This leaf meal has considerable potential in reducing fish feed production costs so that it can produce maximum aquaculture 
benefits [13]. 

 Eichhornia crassipes, is a vascular plant and is known as one of the vicious weeds because its biomass increases rapidly 
and can to consume large amounts of oxygen and nutrients [62,63]. The use of E. crassipes in feed has an influence on the growth 
rate of C. carpio fish [29], enzyme activity and digestibility of O. niloticus fish [30] and L. rohita fish [31]. Ficus is an 
Angiosperm plant and is a member of the Moraceae family and is widely distributed in tropical and subtropical regions [64]. 
Various species of Ficus have been widely used in fish feed formulations, including F. carica and F. racemosa. F. carica extract 
can improve hematological parameters and stimulate immune response as well as increase the growth performance of H. huso fish 
[32]. The use of F. racemosa fruit powder as a substitute for soybean meal can improve the physical, organoleptic and chemical 
quality of O. goramy fish feed [33]. 

 Using G. tenuistipitata in feed formulations as much as 80% can help maintain better water quality and reduce feed costs 
without affecting the growth of O. niloticus fish [34]. Ipomoea aquatica is a plant belonging to the Convolvulaceae family which 
grows vines [65]. Fermented I. aquatica leaf meal in feed has the potential to increase the growth of L. rohita fish [35]. Lemna 
plants can be used as a source of vegetable protein in feed because they are rich in essential amino acids [66]. L. gibba formulated 
in feed can produce better weight and length gain, feed conversion ratio, protein efficiency ratio and better C. gariepinus survival 
[36]. L. minor as much as 20% can increase the growth of O. mykiss fish [37] and the survival and nutritional value of fish C. 
carpio [38]. Administration of Lemna sp. Fresh as much as 20% in the feed resulted in an absolute weight growth rate of 11.2 g, 
feed efficiency of 21.33% and water quality was still in the safe range for the maintenance of O. niloticus fish [39]. 

 Leucaena is a plant that is commonly found in various regions, especially Indonesia and has many benefits [67]. 
Fermentation of 15%. L. leucocephala leaves can increase protein content and decrease crude fiber content and produce better 
daily growth rates, feed conversion ratios and survival of O. goramy [41]. The addition of fermented L. glauca leaf meal in 
artificial feed by as much as 10% increased growth, feed utilization efficiency, protein efficiency ratio and better survival of O. 
niloticus fish. The protein content found in L. glauca leaf flour is 31.82% and 34.14 % crude fiber [40]. The use of L. 
leucocephala leaf meal in feed showed better performance of specific growth rate, weight gain and feed conversion ratio of T. 
zillii fish. The protein content of fresh leaves is 29.20% and 19.20% crude fiber [44]. Utilization of L. leucocephala flour showed 



Systematic Literature Review (SLR): Potential of Several Plants Species as Candidates for Vegetable Protein Sources of Artificial Feed 
for Sustainable Fish Farming  
 

 
 
Vol. 36 No. 1 December 2022                ISSN: 2509-0119 76

increased growth and nutritional value of C. gariepinus fish [43]. The addition of 40% L. leucocephala seed fermentation showed 
better growth and protein content of O. goramy fish. The average protein content of gouramy ranges from 17.27% - 18.81% [42] . 
Leucaena is the most common genus obtained from the results of review articles, namely 6 studies. Figure 3 shows the 10 most 
common plant genera that are used as a source of vegetable protein in feed for various types of fish. 

 

Figure 3. The 10 most common plant genera used in fish feed 

Manihot utilisima is a local plant that is abundantly available in tropical environments and has been used as raw material 
for fish feed. The leaves contain 23.42% protein, 15.80% crude fiber, 6.31% fat, calcium, phosphorus and iron [68]. The use of 
fermented M. utilisima leaf meal in feed as much as 20% gave the best results on feed digestibility, feed efficiency, protein 
retention, specific growth rate and survival of O. goramy fish [46]. Then M. utilisima leaf meal can increase growth, feed 
conversion ratio and survival of C. carpio fish [47].  

 M. oleifera leaf meal has the potential to be a source of vegetable protein in O. gourami fish feed in increasing growth 
performance, feed conversion ratio and protein retention. The availability of M. oleifera leaves is quite abundant and available 
throughout the year, so that it can be considered for use as a raw material in relatively inexpensive fish feed formulations. The 
nutritional content contained in Moringa leaves is 21.49% protein, 6.29% fat, 9.88% crude fiber, 43.94% carbohydrates, 6.50% 
moisture content and 11.78% ash content [48]. Fermented M. oelifera leaf meal can reduce the use of soy flour in C. 
macropomum fish feed. The results of this study showed the best results for increasing the value of feed efficiency, protein 
retention, specific growth rate and fish survival [49]. 

 Utilization of M. indica leaf meal in feed formulation can increase amylase enzyme activity, carbohydrate utilization and 
growth of L. rohita fish. M. indica leaf powder contains 26.25% protein, 1.50% crude fat and 7.32% crude fiber [50]. Musaceae 
sp . is one type of tropical plant which is very much produced in the world in general, Indonesia in particular. Banana peel can be 
used as raw material for feed because it contains 7.26% protein, 15.29% fat and 24.13% crude fiber [69]. Commercial feed 
substitution with the fermentation of Musaceaea sp. as much as 20% results in feed consumption rate, specific growth rate, feed 
efficiency, fat retention and energy retention of P. Hypophthalmus fish [51]. N. nucifera in artificial feed can increase growth, 
intestinal morphology and utilization of C. gariepinus fish feed. The use of N. nucifera has the potential as a natural feed additive 
in the aquaculture industry to enrich vegetable protein feed [52]. Nymphaea sp. leaf meal. as much as 40% can be used as a 
protein source in feed which can produce maximum specific growth rates, feed conversion ratios, protein efficiency ratios and fish 
survival [53]. 

 Pistia, commonly known as watercress, is a highly productive aquatic invasive species. Pistia is rich in organic and 
mineral content, so it is considered as a potential alternative ingredient in fish feed [70]. Pistia sp. used in feed produced the 
highest weight, specific growth rate, feed conversion ratio and protein efficiency ratio in L. rohita fish [54]. Utilization of P. 
stratiotes leaves formulated in feed can improve the nutritional quality of feed and produce optimal growth, protein efficiency 
ratio, feed conversion ratio and survival of C. gariepinus fish [56]. Substitution of fish meal with P. stratiotes meal as much as 
30% showed optimal growth in L. rohita fish and increased the nutritional quality of the feed [57]. Fermentation of P. stratiotes 
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flour in feed produces good nutritional quality of feed for Oreochromis sp. [55]. Feed derived from weeds and invasive plants will 
be cheaper than conventional feed, because the abundant amounts in nature only require collection and processing costs. 

 Salvinia molesta is a plant that grows fast and is widely available in nature, and has quite good nutrition, namely 15.9% 
crude protein, 2.1% crude fat, 16.8% crude fiber, calcium and phosphorus. The use of fermented S. molesta flour can increase the 
growth, feed efficiency and survival of O. niloticus fish [58]. Zingiber officinale flour can increase growth, weight and length 
gain, feed conversion ratio and feed efficiency for O. goramy fish. This shows that feed with the addition of Z. oficinale can be 
used in fish hatcheries and aquaculture using the biofloc system [59]. The use of alternative plants as a source of vegetable protein 
in fish farming is quite promising and can increase sustainable aquaculture industry activities. 

IV. CONCLUSION 

Various studies on the use of 25 plant species as potential candidates for vegetable protein sources in artificial feeds have 
been carried out for the growth of several cultivated fish species. These 25 plant species have promising potential as sources of 
vegetable protein for fish feed and have been shown to improve feed quality as well as fish growth and survival . Protein is one of 
the nutrients that affect fish growth, especially vegetable protein for herbivorous and omnivorous fish. Protein derived from plants 
is the most suitable alternative to reduce feed production costs, but can improve the nutritional quality of feed. Feed is a very 
important factor in sustainable fish farming activities. 

REFERENCES 

[1] Datta, S. N. Culture of Azolla and its efficacy in diet of Labeo rohita. Aquaculture. 310, 376–379. 
https://doi.org/10.1016/j.aquaculture.2010.11.008 . 2011. 

[2] Afe , OE and Omosowone OO Growth and feed utilization in Clarias gariepinus fingerlings fed on Acacia auriculiformis 
leaf-supplemented diets. International Journal of Fisheries & Aquaculture , 11 (3), 55-61 . 2019. 

[3] FAO. La situation mondiale des pêches et de l'aquaculture. Atteindre les objectifs de développement durable, Rome 2018. 
[Online] http://www.fao.org/3/i9540fr/i9540fr.pdf . (Accessed 04 December 2022). 2018. 

[4] Soltan , MA and El-Laithy SM Effects of probiotics and some spices as feed additives on the performance and behavior of 
the Nile Tilapia, Oreochromis niloticus . Egyptian Journal of Aquatic Biology & Fishery , 12(2), 63-80 . 2008. 

[5] Adelina, F. Feliatra, YI Siregar and I. Suherman. Utilization of feather meal fermented Bacillus subtilis to replace fish meal 
in the diet of silver pompano, Trachinotus blochii (Lacepede, 1801). AACL Bioflux, 13(1):100-108. 2020. 

[6] Hua , K, Cobcroft J. M, Cole A, Condon K, Jerry D. R, Mangott A. The future of aquatic protein: implications for protein 
sources in aquaculture diets. One Earth 1: 316–329. 2019. 

[7] Munisa, Qorina, Subandiyono and Pinandoyo. J.Aqua. Manag. Technol. 4 , 12-21 . 2015. 

[8] Iskandar , I, Andriani Y, Rostika R, Zidni I, Riyanti NA. The effect of using fermented Lemna sp. in fish feed on growth rate 
of nilem carp (Osteochilus hasselti). World News of Natural Sciences – An International Scientific Journal 26: 157–166. 
2019. 

[9] Adeyemi, AD, APP Kayode, IB Chabi, OBO Odouaro, MJR Nout and AR Linnemann. Screening local feed ingredients of 
Benin, West Africa, for fish feed formulations. Aquaculture Reports. 2020. 

[10] Daniel , N. A review on replacing fish meal in aqua feeds using plant protein sources. International Journal of Fisheries and 
Aquatic Studies 6: 164–179. 2018. 

[11] Bhilave, MP, Bhosale, SV, Nadaf, SB Protein efficiency ratio (PER) of Ctenopharengedon idella fed on soyabean 
formalized feed. Bio. Forums 4(1), 79–81. 2012. 

[12] Coloso, RM Feed Formulation for Sustainable Aquaculture. Proceedings. International Workshop on Resource Enhancement 
and Sustainable Aquaculture Practice in Southeast Asia. 223-230. 2014. 



Systematic Literature Review (SLR): Potential of Several Plants Species as Candidates for Vegetable Protein Sources of Artificial Feed 
for Sustainable Fish Farming  
 

 
 
Vol. 36 No. 1 December 2022                ISSN: 2509-0119 78

[13] Adesina, S.A and OD Agbatan. Growth responses and feed utilization in Calrias gariepinus fingerlings fed diets 
supplemented with the processes of falmboyant (Delonix regia) leaf meal. Journal of Tropical Agriculture, food, 
Environment and Extension, (20 (1): 38-45. 2021. 

[14] Robinson , E. _ H, Rawles S. D, Oldenburg P. W, Stickney R. R. Effects of feeding gland less or glanded cottonseed 
products and gossypol to Tilapia aurea. Aquaculture 38:145–154. 1984. 

[15] Noor , J, Hossain M. A, Bari M. M, Azimuddin K. M. Effects of duckweed (Lemna minor) as a dietary fishmeal substitute 
for silver barb (Barbodes gonionotus Bleeker). BangladeshJournal of Fisheries 4: 35–42. 2000. 

[16] Gatlin, DM, Barrows, FT, Brown, P., Dabrowski, K., Gaylord, TG, Hardy, RW, Herman, E., Hu, G., Krogdahl, A., Nelson, 
R. Expanding the utilization of sustainable plant products in aquafeeds: a review. Aquac. Res. 38, 551–579. 2007. 

[17] Triandini, E., S. Jayanatha , A. Indrawan, GW Putra and B. Iswara. Systematic Literature Review Method for Platform 
Identification and Information Systems Development Methods in Indonesia. Indonesian Journal of Information Systems 
(IJIS), Vol. 1 (2), pp. 63-77. 2019. 

[18] Mukherjee , A. _ K, Kalita P, Unni B. G, Wann S. B, Saika D, Mukhpadhyay P. _ K. Fatty acid composition of four 
potentials aquatic weeds and their possible use as fish-feed nutraceuticals. Food Chemistry 123: 1252–1254. 2010. 

[19] Mohanta , K. _ N. Plant feed resources of India. In: Sogbesan Oh . A, Mohanta K. N, Sahoo P. K, Mitra G, Jayasankar P 
(eds) Invited Papers on Application of Solid-State Fermentation Technology in Aquaculture, pp. 100–113. Central Institute 
of Freshwater Aquaculture, Bhubaneswar. 2012. 

[20] Davis , DA, Arnold CR. Practical replacement of fish meal diets for the Pacific white shrimp, Litopenaeus vannamei. 
Aquaculture 185:291–298. 2000. 

[21] Afriyanti, EA, ODS Hasan and IS Djunaidah. Growth performance of gouramy (Osphronemus gouramy Lacepede, 1801) 
fed a combination of fish meal and azolla meal (Azolla micrphylla). Indonesian Journal of Ichthyology, 20(2): 133-141. 
2020. 

[22] Gangadhar, B., N. Sridhar, S. Saurabh, CH Raghavendra, KP Hemaprasanth, MR Raghunath and P. Jayasankar. Growth 
responses of Cirrhinus mrigala fry to Azolla (Azolla pinnata) – incorporated diets. Fishery Technology, 51: 156-161. 2014. 

[23] Gangadhar, B., N. Sridhar, S. Saurabh, CH Raghavendra, KP Hemaprasanth, MR Raghunath and P. Jayasankar. Effect of 
azolla-incorporated diets on the growth and survival of Labeo fimbriatus during fry to fingerling rearing. Cagent Food and 
Agriculture, 1-8. 2015. 

[24] Gangadhar, B., H. Umalatha, G. Hegde and N. Sridhar. Digestibility of dry matter and nutrients from Azolla pinnata by 
labeo calbasu (Hamilton, 1822) with a note on digestive enzyme activity. Fishery Technology , 54: 94-99. 2017. 

[25] Das, M., FI Rahim and MDA Hossain. Evaluation of fresh Azolla pinnata as a low cost supplemental feed for thai silver 
barb Barbonymus gonionotus. Fishes, 3(15): 1-11. 2018. 

[26] El-Tawil, N., S. Ali and A. El-Mesallamy. The effect of using taro leaves as a partial substitute of soybean meal in diets on 
the growth performance and feed efficiency of the Nile tilapia Oreochromis niloticus. Egyptian Journal of Aquatic Biology 
& Fisheries, 24(7): 383-396. 2020. 

[27] Sefni, Efrizal and R. Rahayu. Utilization The Combination of Taro (Colocasia Esculenta L. Schott) Leaves Flour and 
Soybean Flour in Artificial Feed on The Growth Weight of Carp Fish (Osphronemus Gourami L.) . Journal of 
Metamorphosis, 6(1): 44-50. 2019. 

[28] Ananda, D., S. Waspodo and BH Astriana. Effect of addition of temulawak extract (Curcuma xanthorriza) on artificial feed 
on growth of gurami fish (Osphronemus goramy). Journal of Fish Health, 1(2): 68-79. 2021. 

[29] Debnath, D., S. Yengkokpam, BK Bhattacharjya, P. Biswas, C. Prakash, MPS Kohli and AP Sharma. Effect of Dietary 
Incorporation of Dry-Powdered Water Hyacinth (Eichhornia crassipes) Meal on Growth and Digestibility of Labeo rohita 
Fingerlings . Proc Zool Soc. 2016. 



Systematic Literature Review (SLR): Potential of Several Plants Species as Candidates for Vegetable Protein Sources of Artificial Feed 
for Sustainable Fish Farming  
 

 
 
Vol. 36 No. 1 December 2022                ISSN: 2509-0119 79

[30] Zaman, FK, NB P. Utomo, M. Setawati and Alimuddin. Evaluation of pollard substitution with water hyacinth Eichhornia 
crassipes on enzyme activity and growth performance of tilapia Oreochromis niloticus. International Journal of Fisheries and 
Aquatic Studies, 5(3): 420-424. 2017. 

[31] Sadique, JK, A. Pandey, SO Khairnar and NBT Kumar. Effect of molasses-fermented water hyacinth feed on growth and 
body composition of common carp, Cyprinus carpio . Journal of Entomology and Zoology Studies, 6(4): 1161-1165. 2018. 

[32] Taati, R and S. Abolghasemi . Dietary Effects of Fig (Ficus carica) Extract on Growth, Survival and Hemato-immunological 
Indices in Great Sturgeon (Huso huso). Turkish Journal of Fisheries and Aquatic Science, 23(5). 2022. 

[33] Zakaria, IJ, R. Fitra, AS Lubis, Efrizal, FA Febria, Zuhrisyam and Izmiarti. Feed quality using fig (Ficus racemosa) flour as 
a substitute for soybean flour meal for gourami fish (Osphronemus goramy) . AACL Bioflux, 15(2): 1003-1012. 2022. 

[34] An, BN T and NT N Anh. Co-culture of Nile tilapia (Oreochromis niloticus) and red seaweed (Gracilaria tenuistipitata) 
under different feeding rates: effects on water quality, fish growth and feed efficiency . Journal of Applied Phycology. 2020. 

[35] Baruah, D., S. Borthakur, S. Baishya, K. Bhagawati and K. Gogoi. Growth performance of Labeo rohita (Hamilton) 
yearlings through the use of fermented Ipomoea aquatica leaf meal as fish feed . Journal of entomology and Zoology 
Studies, 6(4): 1808-1812. 2018. 

[36] Aghoghovwia, O.A, ST Obah and EI Ohimain. Utilization of Nuisance Aquatic Plant (Duckweed) in Partial Replacement of 
Soybean Meal in Feeding Clarias gariepinus (Burchell, 1822) Fingerlings. Nigerian Annals of Pure and Applied Science, 
113-117. 2018. 

[37] Fiordelmondo, E., S. Ceschin, GE Magi, F. Mariotti, N. Iaffaldano, L. Galosi and A. Roncarati. Effects of Partial 
Substitution of Conventional Protein Sources with Duckweed (Lemna minor) Meal in the Feeding of Rainbow Trout 
(Oncorhynchus mykiss) on Growth Performances and the Quality Product . Plants, 1-12. 2022. 

[38] Goswami, RK, J. Sharma, AK Shrivastav, G. Kuamr, BD Glenccross, DR Tocher and R. Chakrabarti. Effect of Lemna 
minor supplemented diets on growth, digestive physiology and expression of fatty acids biosynthesis genes of Cyprinus 
carpio. Scientific reports. 2022. 

[39] Iskandar, GD Andini, K. Haetami and Y. Andriani. Giving Lemna Sp. Fresh To The Growth And Efficiency Of Tilapia Feed 
(Oreochromis niloticus) . Journal Unram. 2021. 

[40] Restiningtyas, R., Subandiyono and Pinandoyo. The Effect of Dietary Fermented Leucaena Leaf Powder (Laucaena gluca) 
on the Growth Rate of Red Tilapia (Oreochromis niloticus) Seeds. Journal of Aquaculture Management and Technology, 
4(2): 26-34. 2015. 

[41] Ramadhani, CN, Y. Andriani, IBB Suryadi and K. Haetami. Effect of Fermented Lambtoro Leaf (Leucaena leucocephala) 
Meal on Growth Rate of Giant Gourami Fingerlings (Osphronemus gouramy) . Asian Journal of Fisheries and Aquatic 
Research, 8(3): 1-8. 2020. 

[42] Ananda, PD, S. Safrida, K. Khairil, H. Hasanudin and MD Asiah. Effect of Feeding Fermented Leucaena leucocephala Seed 
Meal on Growth and Protein Content of Osphronemus gouramy Juvenile . Journal of Aquaculture and Fish Health, 11(3). 
2022. 

[43] Aliu BS and OI Obuseli. Effect of Dietary Toasted Leucaena Leucocephala Seed Meal On the Growth and Feed Utilization 
of Clariid Catfish Clarias gariepinus Fingerlings . African Journal of Sustainable Agricultural Development, 2(2). 2021. 

[44] Babalola, O. A and F. A, Fakunmoju . Effect of Partial Replacement of Fishmeal with Leucaena leucocephala Leaf Meal on 
the Growth Performance of Tilapia zilli Fingerlings. Asian Journal of Fisheries and Aquatic Research. 9(2): 9-14. 2020. 

[45] Fakolade, AN, EA Owoeye and CS Igboanugo. Effect of the replacement of soya bean with Leucena leucocephala on the 
growth performance of African catfish (Clarias gariepinus) fingerlings . International Journal of Fisheries and Aquatic 
Studies, 9(3): 131-134. 2021. 



Systematic Literature Review (SLR): Potential of Several Plants Species as Candidates for Vegetable Protein Sources of Artificial Feed 
for Sustainable Fish Farming  
 

 
 
Vol. 36 No. 1 December 2022                ISSN: 2509-0119 80

[46] Mendefa, A., Adelona and I. Suharman. Utilization of Cassava Leave Flour (Manihot utilisima Pohl) Fermented Kombucha 
in Feed for Feed Efficiency and Growth rate of Gourami (Osphronemus gouramy) . The Best Fisheries Periodical Journal, 
50(1). 2022. 

[47] Rahmadani, S., DN Setyowati and DP Lestari. Effect Substitution Of Cassava Leaf Meal (Manihot Utilisima) Fermentation 
Rhizopus Sp. On Feed To Growth And Survival Rate Cyprinus Carpio Seeds . Journal of Fisheries, 10(1): 70-76. 2020. 

[48] Anti, UT, L. Santoso and DS C Utomo. Effect of Supplementation of Moringa Leaf Powder (Moringa oleifera) on Feed on 
the Growth Performance of Gouramy (Oshpronemus gouramy) . Journal of Aquaculture Technology Science, 2(2): 22-31. 
2018. 

[49] Aida, N., I. Suharman and Adelina. Utilization of Fermented Moringa Leaf Powder (Moringa oleifera) Using Rhyzopus sp. 
In Artificial Feed for Freshwater Pomfret (Colossoma macropomum) Seed Growth . Sebatin Aquaculture Journal, 1(1). 
2020. 

[50] Ali, S., S. Saha and A. Kaviraj. Fermented mulberry leaf meal as fishmeal replacer in the formulation of feed for carp Labeo 
rohita and catfish Heteropneustes fossilis—optimization by mathematical programming . Tropical Animal Health and 
Production, 52: 839-849. 2020. 

[51] Aisyah, A., AS Gustiningrum, Agustono and MAA Al-Arif. Substitution of commercial feed with fermented banana peel 
flour (Musaceaea sp.) and fish meal to feed consumption level, specific growth rate, feed efficiency, fat retention, and 
energy retention in siam catfish (Pangasius hypophthalmus) . IOP Conference Series: Earth and Environmental Science 679. 
2021. 

[52] Mungle, P. Effects of Lotus (Nelumbo nucifera Gaertn.) Stamen Extract on Growth Performance, Feed Utilization and 
Intestinal Morphology of Catfish (Clarias gariepinus). KKU Research Journal, 22(1): 7-17. 2016. 

[53] Sivani, G., DC Reddy and M. Bhaskar. Effect of Nymphaea meal incorporated diets on growth, feed efficiency and body 
composition in fingerlings of Cyprinus carpio L. Journal of Applied and Natural Science, 5(1): 5-9. 2013. 

[54] Mandal , S and K. Ghosh. Utilization of Fermented Pistia Leaves in the Diet of Rohu, Labeo rohita (Hamilton): Effects on 
Growth, Digestibility and Whole Body Composition . Waste and Biomass Valorization. 2018. 

[55] Setyawan, G and S. Helmiati. effect of substitution of soybean meal with apu wood meal (pistia stratiotes) fermented in feed 
on the performance of red tilapia (Oreochromis sp.) . Unrama's Journal. 2021. 

[56] Adedokun, MA, HM Tairu, O. Adeosun and O. Ajibola. Assessment of the Optimal Replacement Levels of Maize with 
Water Lettuce Leaf (Pistia Stratiotes) based Diets for Clarias gariepinus. Journal of Fisheries Sciences. 11(2): 28-35. 2017. 

[57] Nisha, S. N and B. Geetha. Effect of partial replacement of fishmeal with aquatic weed Pistia stratiotes meal on growth, 
biochemical composition, haematological parameters and digestive enzymes in Indian major carp Labeo rohita (Hamilton, 
1822) . International Journal of Fisheries and Aquatic Studies, 5(2): 527-532. 2017. 

[58] Warasto, Yulisman and M. Fitriani. Fermented of Giant Salvinia (Salvinia molesta) Meal as Feed Ingrediant for Tilapia 
(Oreochromis niloticus) . Journal of Indonesian Swamp Aquaculture, 1(2): 173-183. 2013. 

[59] Purbomartono, C., AN Hapsari, Susanto and GM Samadan. Ginger (Zingiber officinale Roscoe) flour diet in gourami 
(Osphronemus gourami) hatchery with biofloc system . AACL Bioflux, 15(2). 2022. 

[60] Aprilia , K, Siswarini. Utilization of Azolla sp flour. on gift tilapia feed ( Oreochromis sp.). Samakia:Journal of Fisheries 
Science , 7(1): 1-4 . 2016. 

[61] Zulkhasyni, Andriyeni. Dosage of azolla on the growth of sangkuriang catfish ( Clarias gariepinus ). Journal of Agroqua , 
16(1): 42-49. 2018. 

[62] Gupta , P, Roy S, Mahindrakar AB. Treatment of water using water hyacinth, water lettuce and vetiver grass – a reviews. 
Resources and Environment 2: 202–215. 2012. 



Systematic Literature Review (SLR): Potential of Several Plants Species as Candidates for Vegetable Protein Sources of Artificial Feed 
for Sustainable Fish Farming  
 

 
 
Vol. 36 No. 1 December 2022                ISSN: 2509-0119 81

[63] Ugya , AY, Imam TS. The efficiency of Eichhornia crassipes in the phytoremediation of wastewater from Kaduna Refinery 
and petrochemical company. IOSR Journal of Pharmaceuticals and Biological Sciences 10:76–80. 2015. 

[64] Rasyid, M., MH Irawati, and M. Saptasari. Leaf Anatomy of Ficus racemosa L. (Biraeng) and Its Potential in Bantimurung 
National Park Bulusaung. Journal of Education, 2 (6): 861 - 866. 2017. 

[65] Naskar , KR. Aquatic and semi-aquatic plants of the lower Ganga Delta, pp. 408. Daya Publishing House, New Delhi. 1990. 

[66] Kabir , ANMA, Hossain MA, Rahman MS. Use of duckweed as feed for fishes in polyculture. Journal of Agriculture and 
Rural Development 7: 157–160. 2009. 

[67] Verma, VK, Rani, KV, Kumar, SR and Prakash, O. Leucaena leucocephala pod seed protein as an alternate to animal 
protein in fish feed and evaluation of its role to fight against infection caused by Vibrio harveyi and Pseudomonas 
aeruginosa . Fish & Shellfish Immunology , 76 , pp.324-332. https://doi.org/10.1016/j.fsi . 2018. 03011 . 2018. 

[68] Mulyasari. Potential of Cassava Leaves as a Source of Fish Feed Raw Materials. Proceedings of the Aquaculture 
Technology Innovation Forum. Freshwater Aquaculture Research Institute. Bogor. 4 p . 2011. 

[69] Hidayat , N, Padaga MC, Suhartini S. Microbiology Industry. (Yogyakarta: Andi Offse). 2006 . 

[70] Ray, AK and Das, I. Evaluation of dried aquatic weed, Pistia stratiotes , meal as a feedstuff in pelleted feed for rohu, Labeo 
rohita , fingerlings. J. Appl. Aquac. 5 (4), 35–44. 1996. 


