
 

PROCESSED FISH WASTE AS FISH MEAL 
REPLACEMENT IN THE DIETS OF CLIMBING 

PERCH (Anabas testudineus) AND RED 
TILAPIA (Oreochromis sp.) 

 

 

DG SITI RAHAYU ZAIHURIN 

 

 

BORNEO MARINE RESEARCH INSTITUTE 
UNIVERSITI MALAYSIA SABAH 

2021



 

PROCESSED FISH WASTE AS FISH MEAL 
REPLACEMENT IN THE DIETS OF CLIMBING 

PERCH (Anabas testudineus) AND RED 
TILAPIA (Oreochromis sp.) 

 

 

DG SITI RAHAYU ZAIHURIN 

 

THESIS SUBMITTED IN FULFILLMENT OF THE 
REQUIREMENTS FOR THE DEGREE OF MASTER 

OF SCIENCE 
 
 

BORNEO MARINE RESEARCH INSTITUTE 
UNIVERSITI MALAYSIA SABAH 

2021  



UNIVERSITI MALAYSIA SABAH 

BORANG PENGESAHAN STATUS TESIS 

JUDUL : PROCESSED FISH WASTE AS FISH MEAL REPLACEMENT IN 
THE DIETS OF CLIMBING PERCH (Anabas testudineus) AND 
RED TILAPIA (Oreochromis sp.) 

IJAZAH : SARJANA SAINS 

BIDANG : AKUAKULTUR 

Saya DG SITI RAHAYU ZAIHURIN, Sesi 2017-2021, mengaku membenarkan tesis 
Sarjana ini disimpan di Perpustakaan Universiti Malaysia Sabah dengan syarat-syarat 
kegunaan seperti berikut:- 

1. Tesis ini adalah hak milik Universiti Malaysia Sabah
2. Perpustakaan Universiti Malaysia Sabah dibenarkan membuat salinan untuk

tujuan pengajian sahaja.
3. Perpustakaan dibenarkan membuat salinan tesis ini sebagai bahan pertukaran

antara institusi pengajian tinggi.
4. Sila tandakan ( / ):

SULIT (Mengandungi maklumat yang berdarjah keselamatan 
atau kepentingan Malaysia seperti yang termaktub di 
dalam AKTA RAHSIA 1972) 

TERHAD (Mengandungi maklumat TERHAD yang telah 
ditentukan oleh organisasi/badan di mana penyelidikan 
dijalankan) 

TIDAK 
TERHAD 

______________________________________________________________ 

Disahkan Oleh, 

_________________________________________________________________ 

DG SITI RAHAYU ZAIHURIN 
MY1711011T 

(Tandatangan Pustakawan) 

______________________________ 
Tarikh :  15 November 2021 (Assoc. Prof. Dr. Annita Yong Seok Kian) 

Penyelia Utama 

annitay
New Stamp-annita



ii 
 

DECLARATION 

 
,�KHUHE\�GHFODUH�WKDW�DFNQRZOHGJH�LQ�WKLV�WKHVLV�WLWOHG�³Processed fish waste as fish meal 
replacement in the diets of climbing perch (Anabas testudineus) and red tilapia 
(Oreochromis sp.)´� has not been accepted in substance for any degree. Currently 
submitted to the Universiti Malaysia Sabah. All resources reference and information have 
been used, they have been certified. 

 

 

 

 

16 Ogos 2021        
       DG SITI RAHAYU ZAIHURIN 
        MY1711011T 

  

 



iii 
 

CERTIFICATION 

 
NAME  :  DG SITI RAHAYU ZAIHURIN 

MATRIC NO. :  MY1711011T 

TITLE       :  PROCESSED FISH WASTE AS FISH MEAL REPLACEMENT IN THE 

                        DIETS OF CLIMBING PERCH (Anabas testudineus) AND RED 

                         TILAPIA (Oreochromis sp.)  

DEGREE :  MASTER OF SCIENCE 

FIELD  :  AQUACULTURE 

VIVA DATE :  16 AUGUST 2021  

 

CERTIFIED BY; 

       
                                        Signature 

 

1.    MAIN SUPERVISOR  

 Assoc. Prof. Dr Annita Yong Seok Kian       

 

 

2.    CO-SUPERVISOR 

  Assoc. Prof. Dr. Thumronk Amornsakun      

 

  

annitay
New Stamp-annita



iv 
 

ACKNOWLEDGEMENT 
 

I owe Allah s.w.t my sincere gratitude for guidance and support in completing my studies 
VXFFHVVIXOO\��,¶G�OLNH�WR�H[SUHVV�P\�KHDUWIHOW�JUDWLWXGH�WR�P\�VXSHUYLVRU��$VVRF��3URI��'U��
Annita Yong Seok Kian, for her guidance, constructive advices to my work, insightful 
VXJJHVWLRQ�� FRQVWDQW� PRWLYDWLRQ�� DQG� HPRWLRQDO� VXSSRUW� GXULQJ� WKH� GLVVHUWDWLRQ¶V�
completion. My gratitude also goes to my co-supervisors, Assoc. Prof. Dr. Thumronk 
Amornsakun and Asst. Prof. Dr. Sarawuth Chesoh, who shared their expertise with me 
during my research.  

 ,�ZLVK�WR�WKDQN�WKH�5HVHDUFK�DQG�,QQRYDWLRQ�0DQDJHPHQW�&HQWHU�RI�8QLYHUVLW\�
RI� 0DOD\VLD� 6DEDK� �806�� WR� SURYLGH� PH� WKH� UHVHDUFK� JUDQW� 806*5($7�*8*�����
��������DQG�'LVFLSOLQH�RI�([FHOOHQFH��'R(���3ULQFH�RI�6RQJNOD�8QLYHUVLW\�3DWWDQL�&DPSXV�
�368���DQG�8QLYHUVLW\�RI�0DOD\VLD�6DEDK��806��IRU�IXQGLQJ�P\�VWXG\�'XDO�0DVWHU�'HJUHH�
3URJUDP��'0'3��� 

 0\�VLQFHUH�DSSUHFLDWLRQ� LV� DOVR�H[WHQGHG� WR�%RUQHR�0DULQH�5HVHDUFK� ,QVWLWXWH�
�%05,�� DQG� WKH� ,QODQG� $TXDFXOWXUH� 5HVHDUFK� DQG� 'HYHORSPHQW� 5HJLRQDO� &HQWHU� ���
�6RQJNKOD��IRU�DOORZLQJ�PH�WR�XVH�WKH�HTXLSPHQW�DQG�IDFLOLWLHV�GXULQJ�P\�H[SHULPHQWV��
,�H[WHQW�P\�KHDUWIHOW� WKDQNV� WR�DOO� OHFWXUHUV�HVSHFLDOO\�$VVRF��3URI��'U��)DLKDQD�&KLQJ�
$EGXOODK�DQG�VWDIIV�RI�%05,�DQG�)LVK�+DWFKHU\�HVSHFLDOO\�0V��6\DILNDK�8VRS��%05,�ODE¶V�
DVVLVWDQW��� 0U�� 3RUDPDW� 0XVLNDUXQ� �SURIHVVLRQDO� ILVKHU\� RIILFHU�� DQG� 0U�� 3RUQSDQRP�
3URPNDHZ� ZKLFK� LV� WKH� GLUHFWRU� LQ� ,QODQG� $TXDFXOWXUH� 5HVHDUFK� DQG� 'HYHORSPHQW�
5HJLRQDO�&HQWHU�����6RQJNKOD�� 

 ,¶G� OLNH�WR�VKDUH�P\�KHDUWIHOW�JUDWLWXGH�WR�P\�GHDU�FROOHDJXHV�DQG�IULHQGV��0V��
1RRUV\DULQDK�6DQXGLQ��0V��6DMHHQXWK�6ULWKRQJWKXP��0V��0RN�:DL�<HH��0V��'D\DQJ�1XU�
-D]O\Q�$EDQJ�=DPKDUL��0\�EHORYHG� ODWH�6DOHGD�)LWUL��0U��0RKG�)DL]�5HGXDQ��0U��$EG�
$]DKDUXGGLQ�0DLGL��0U��0XKDPDG�$PLUUXO�$ULII�$ULIILQ��0U��0RKG�6\DKL]ZDQ�/DLGD��0U��
0XKDPPDG� =XOIL� $O�8PDP�� 0V�� $QGUHD� -R\FH� 6LEDUDQL� 0DOXGLQ�� 0V�� 6KDKLUDK� $EG�
6DPDG�� 0U�� ,UPDQ�� 0V�� 5RFHOHQH�� 0V�� 6XKDLODK�� 0V�� 0DULD� 0�� DQG� 0U�� 0RKG� ,]]DW�
0DKIXG]�IRU�WKHLU�VDFULILFLQJ�WKHLU�SUHFLRXV�WLPH�DQG�YDOXDEOH�LQSXWV�GLUHFWO\�RU�LQGLUHFWO\�
IRU�WKH�VXFFHVVIXO�FRPSOHWLRQ�RI�WKLV�GLVVHUWDWLRQ�� 



v 
 

 /DVW�EXW�QRW�OHDVW��,�ZRXOG�OLNH�WR�H[SUHVV�P\�VLQFHUH�JUDWHIXOQHVV�WR�P\�EHORYHG�
PRP�DQG�GDG��6DULPDK�$ZDQJ�7XDK�DQG�=DLKXULQ�$EX�$PLQ�DQG�IDPLO\�PHPEHUV�IRU�
WKHLU�LQILQLWH�ORYH��HQFRXUDJHPHQW��SDWLHQFH��ILQDQFLDO�VXSSRUW��DQG�GXD¶V�WKURXJKRXW�P\�
GLIILFXOW�SHULRG�LQ�FRPSOHWLQJ�WKLV�VWXG\� 

 

 

 

Dg Siti Rahayu binti Zaihurin  

16 August 2021 

  



vi 
 

ABSTRACT 
 

)LVK�ZDVWH�LV�RQH�RI�WKH�ILVK�LQGXVWU\¶V�FRVW-effective and easily accessible ingredients 
that has not yet been thoroughly researched and used. This study was carried out to 
investigate the effect of fish meal (FM) replacement with fish waste (FW) on growth, 
survival, feed efficiency, body composition of two well-known freshwater fishes climbing 
perch (Anabas testudineus) and red tilapia (Oreochromis sp.). In this study, FW was first 
treated either by heat, hydrolysis using hydrochloric acid or acetic acid then the 
proximate composition, fatty acids and peptide profiles of the FWs were analyzed. For 
the hydrolysis, four concentration levels were tested for both type of acids at 2M, 4M, 
6M and 8M. The suitable FW was then selected for feeding trials on climbing perch and 
red tilapia. The first experiment was conducted in Songkla Inland Aquaculture Research 
and Development Regional Center, Thailand on climbing perch (average initial body, BW 
0.89±0.08 g) using experimental diets which contained 0, 25 and 50% of protein from 
FW (labelled as F0, F25 and F50), respectively. The feeds were fed triplicate groups of 
fish until satiation (0800 and 1600) for eight weeks. The second experiment was 
conducted on red tilapia in Universiti Malaysia Sabah, Malaysia. Three different 
experimental diets were prepared; diet with 25% heat treated FW (diet H), diet with 
25% of the selected FW (diet AA) and diet with fish meal as main protein source (diet 
FM). The feeding trial was performed in duplicate tanks and red tilapia (initial BW 
7.01±0.06 g) were fed until satiation (0800 and 1600) for ten weeks. Based on the 
proximate analysis, the FW treated with 2M concentration level of both acids shown to 
contain substantially higher protein content compared with other treatments (P<0.05) 
and equivalent to the heat treatment (P>0.05). The protein content was inversely 
proportional to the increasing level of acid concentration. Besides, 2M of hydrochloric 
and acetic acids did not influence the FW fatty acids (P>0.05) and peptides profiles 
compare to the heat-treated FW. Therefore, FW treated with 2M acetic acid was selected 
for the feeding trial. Results on climbing perch showed that fish fed diets F25 and F50 
obtained lower growth compared with fish fed F0 (control diet) (P<0.05). The changes 
on BW (%) appeared to be inversely proportional to the increasing level of FW inclusion. 
However, the feed conversion ratio (FCR) from treatment F25 was comparable to F0 and 



vii 
 

better than F50 (P>0.05). The fish body protein content in F50 was the highest to all 
treatments (P<0.05). As for the fatty acid profiling, FW diets did not appear to affect the 
body fatty acid content of climbing perch in F25 and F50 and the profiles showed no 
significant differences with F0 (P>0.05). In red tilapia, the growth performance and 
survival showed no significant differences among the treatments, but the highest BW 
gain was observed in red tilapia fed AA (P>0.05). No significant difference between all 
treatments was observed in FCR, protein efficiency ratio, and net protein utilization 
(P>0.05). Diet FM diet led to higher viscerosomatic index value compared to fish fed 
diets with FW. Red tilapia fed with diet H contained highest body protein content, 
followed by fish fed AA and FM (P<0.05) while body lipid content did not vary among 
the treatments (P>0.05). As for the red tilapia body fatty acids, fish fed diets with FW 
displayed higher levels of saturated fatty acids and monounsaturated fatty acids 
compared to the control. In conclusion, the heat and hydrolysis treatments changed the 
nutritional quality of the FW. In climbing perch, replacement of FM with FW affected the 
growth of the fish, however, a substitute amount of less than 25% could be possible 
used in climbing perch. On the hand, FW replacement at 25% can be utilized by red 
tilapia without comprising the growth, survival and feed utilization of the fish. 
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ABSTRAK 
 

PROSES SISA IKAN SEBAGAI PENGGANTIAN MAKANAN IKAN DALAM DIET 
IKAN PUYU (Anabas testudineus) DAN TILAPIA MERAH (Oreochromis sp.) 

 
Sisa ikan adalah salah satu ramuan industri ikan yang jimat dan mudah diakses yang 
belum diteliti dan digunakan secara menyeluruh. Kajian ini dilakukan untuk meneliti 
kesan penggantian tepung ikan dengan produk sampingan sisa ikan (FW) terhadap 
pertumbuhan, kelangsungan hidup, kecekapan pakan, komposisi tubuh dua ikan air 
tawar terkenal iaitu ikan puyu (Anabas testudineus) dan tilapia merah (Oreochromis sp 
.). Dalam kajian ini, FW pertama kali dirawat sama ada dengan haba, hidrolisis 
menggunakan asid hidroklorik atau asid asetik kemudian komposisi dekat, asid lemak 
dan profil peptida FW dianalisis. Untuk hidrolisis, empat tahap kepekatan diuji untuk 
kedua-dua jenis asid pada 2M, 4M, 6M dan 8M. FW yang sesuai kemudian dipilih untuk 
memberi makan percubaan pada ikan puyu dan ikan tilapia merah. Eksperimen pertama 
dijalankan di Pusat Penyelidikan dan Pembangunan Akuakultur Darat Songkla, Thailand 
pada ikan puyu (purata berat badan awal, BW 0.89±0.08 g) menggunakan diet 
eksperimen yang mengandungi 0, 25 dan 50% protein dari FW (dilabel sebagai F0, F25 
dan F50) masing-masing. Makanan itu diberi makan tiga ulangan untuk setiap kumpulan  
ikan hingga kenyang (0800 dan 1600) selama lapan minggu. Eksperimen kedua 
dilakukan pada ikan tilapia merah di Universiti Malaysia Sabah, Malaysia. Tiga diet 
eksperimen berbeza disediakan; diet dengan 25% FW yang dirawat oleh haba (diet H), 
diet dengan 25% FW terpilih (diet AA) dan diet dengan tepung ikan sebagai sumber 
protein utama (diet FM). Percubaan makan dilakukan dalam tangki pendua dan tilapia 
merah (BW awal 7.01 ± 0.06 g) diberi makan sehingga kenyang (0800 dan 1600) selama 
sepuluh minggu. Berdasarkan analisis komposisi, FW dirawat dengan tahap kepekatan 
2M kedua-dua asid yang terbukti mengandungi kandungan protein yang jauh lebih tinggi 
berbanding dengan rawatan lain (P <0.05) dan setara dengan rawatan haba (P>0.05). 
Kandungan protein berbanding terbalik dengan peningkatan kadar kepekatan asid. 
Selain itu, asid hidroklorik dan asetik 2M tidak mempengaruhi asid lemak FW (P>0.05) 
dan profil peptida dibandingkan dengan FW yang dirawat dengan haba. Oleh itu, FW 
yang dirawat dengan asid asetik 2M dipilih untuk percubaan makan. Hasil percubaan 
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makan untuk ikan puyu menunjukkan bahawa makanan yang diberi makan ikan F25 dan 
F50 memperoleh pertumbuhan yang lebih rendah dibandingkan dengan ikan yang diberi 
makan F0 (diet kontrol) (P<0.05). Perubahan pada BW (%) nampaknya berbanding 
terbalik dengan peningkatan tahap kemasukan FW. Walau bagaimanapun, penukaran 
makanan (FCR) dari rawatan F25 setanding dengan F0 dan lebih baik daripada F50 (P> 
0.05). Kandungan protein badan ikan di F50 adalah yang tertinggi untuk semua rawatan 
(P<0.05). Mengenai profil asid lemak, diet FW nampaknya tidak mempengaruhi 
kandungan asid lemak badan ikan puyu pada F25 dan F50 dan profil tidak menunjukkan 
perbezaan yang signifikan dengan F0 (P>0.05). Pada tilapia merah, prestasi 
pertumbuhan dan kelangsungan hidup tidak menunjukkan perbezaan yang signifikan 
antara rawatan, tetapi kenaikan BW tertinggi diperhatikan pada ikan tilapia yang diberi 
makan AA (P> 0.05). Tidak ada perbezaan yang signifikan dalam FCR, nisbah kecekapan 
protein, dan penggunaan protein bersih (P>0.05). Diet FM diet menyebabkan nilai indeks 
viserosomatik lebih tinggi berbanding dengan diet ikan yang diberi FW. Tilapia merah 
yang diberi makanan H mengandungi kandungan protein tubuh tertinggi, diikuti ikan 
yang diberi makan AA dan FM (P<0.05) sementara kandungan lipid badan tidak berbeza 
antara rawatan (P>0.05). Bagi kandungan asid lemak badan ikan tilapia, makanan yang 
diberi makan ikan dengan FWP menunjukkan kadar asid lemak tepu dan asid lemak tak 
yang lebih tinggi dibandingkan dengan ikan diberi makan FM. Kesimpulannya, rawatan 
haba dan hidrolisis mengubah kualiti pemakanan FW. Dalam ikan puyu, penggantian 
tepung ikan dengan FW mempengaruhi pertumbuhan ikan, namun, jumlah pengganti 
kurang dari 25% dapat digunakan untuk ikan puyu. Sebaliknya, penggantian FW pada 
25% dapat dimanfaatkan oleh ikan tilapia merah tanpa mengganggu pertumbuhan, 
kelangsungan hidup dan penggunaan makanan ikan.  
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CHAPTER 1 
 
 

INTRODUCTION 
 
 
 

1.1 The Significant of Aquaculture and Fish Meal  

Aquaculture was defined by the Food and Agriculture Organization of United Nations 
(FAO, 1990) as;  

³FXOWLYDWLQJ�RI�RFHDQLF�OLIH�IRUPV��FRXQWLQJ�ILVK��PROlusks, shellfish and 
oceanic plants. Other than that, it is also suggests a few frames of 
mediation within the raising handle in order to upgrade generation, 
such as standard stocking, nourishing and also assurance from 
predators. Cultivating moreover infers person or corporate 
proprietorship of the stock being developed for subseqXHQW�SXUSRVH´ 

Annually, the world is facing with enormous challenge from the increasing 
number of human populations that raising the urge in providing demand of protein 
sources. Hence, in order to combat malnutrition among society, the fisheries industry 
including aquaculture, plays an important role in obtaining this important source of 
nutrition by increasing their number of activities and production. Aquaculture has 
become one of the globally predominant sectors that meets the daily demand in 
providing fish protein for local consumption (Chotipuntu & Avakul, 2010). Other than 
available protein source such as livestock and poultry, fish recently has become a staple 
diet in human consumption. In the meantime, the expanded global demand of fish 
protein has raised the number of marine and aquaculture activities in most developing 
countries with huge land and water resources (Hamdan et al., 2015). It has been 
reported that, the number of aquaculture activities has been increasing since over a 
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decade (Figure 1.1). According to FAO (2020), global fish production including both 
capture and aquaculture activities approximately about 179 million tonnes in 2018, of 
where aquaculture produce 82 mt. (46% of total production). Fish was accounted about 
52% for human consumption from aquaculture production. Excluding world main 
producer China, recently Asia has become one of the share of fish production 
contributing 34%, where Malaysia and Thailand, both contribute 2% each (FAO, 2020). 
From overall total of both marine and aquaculture production, only 22 million tonnes 
were destined for non-food uses, primarily for fish meal and fish oil purpose. However, 
owing to its huge demand in the animal and fish feed industries, fish meal (FM) has 
become both costly and scarce (Akegbejo-Samsons & Fasakin, 2008).  
 
 

 

Figure 1.1 : World Capture Fisheries and Aquaculture Production From 2008
           Until 2018 
Source        : Food and Agriculture Organization, FAO, 2020 
 
 

Like any other animal-based production system, aquaculture has become as a 
highly globalized trade-dependent industry where the major part of its technology 
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requires fish meal as pillar of ingredient feed for farmed species. As a result, the 
production cost predominantly come from the feed and feeding management 
approximately 50 to 72% (Ng et al., 2013). Fish meal (FM) known as globally 
conventional sources which is primarily used to provide protein in fish diets (Sogbesan 
& Ugwumba, 2008). Basically, FM can be produced using any types of seafood however 
the most generally manufactured were from less valuable wild-caught such as, small 
marine fishes. The less valuable fish were those that considered not good enough for 
human consumptions (Schipp, 2008). Other than that, this less valuable fish were 
defined as a group of fish that is juveniles of well-commercial species, juveniles and 
adults of less demand food species, minority species for its importance and also the fish 
that spoilt fishes of high value species (Malvas, 2005). FM is obtained from various 
method of processing; cooking (heat is applied), pressing, drying and milling freshly 
caught or trash fish and fish trimmings.  

 
 

1.2 Fish Waste  

More than 60% of the by-products generated from the fish processing industry are 
waste, including head, skin, trim, fins, frames, viscera and roe and only 40% are fish 
products for human consumption (Dekkers et al., 2011). Fish waste (FW) is the 
secondary products or unutilized parts of fish source of protein (Ishak & Sarbon, 2017). 
These large volumes of FW from fisheries will cause serious pollution and disposal 
problems in both developed and developing countries in terms of contamination and 
disposal. Apart from being one of the more cost-efficient and easily obtained ingredient, 
the utilization of FW helps to reduce environmental pollution (Harnedy & Fitzgerald, 
2012). These FW contains a significant amount of protein rich content that is usually 
converted into low market-value products, such as animal feed, FM and fertilizer (Hsu, 
2010). Many biotechnologies have been developed to recover essential nutrients and 
bioactive compounds to help enhance human health by defending against several 
diseases and supplying essential nutrients to sustain good health, as well to solve 
contamination and disposal problems through the use of these protein-rich FW 
(Chalamaiah et al., 2012).  


