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ABSTRACT

In this study, silage was produced from viscera of Atlantic Red fish using two organic acids,
formic and ladt acidattwo different temperature (26 and 48C) conditions. The changes in

pH, hydrolysis, protein in soluble phase, amino acid composjamasree fatty acid formation
wereanalysedor untreated raw material and the fish silajebie t e mp ¥r avtasr & s e d
to accelerate the rate of hydrolysis and on
digestive enzymesr dgpe. ther miestaoifd thi€88sges w
(26) andfBwkiel e | acticoaniddti bad¢ &&)abwalne adt. 4 .
(#6) respectively. There was no sightofapetr

Aqueous or s oflubnidn deadieeasset wabydr ol ysi s i n bof
acid withaéodhper opowasi omo r°@s iilndd#eds pr ot ei n i n

phaseobwast vsedncrease inimhé theHcad wngesge har
proportionat el y nsthanen the formic acdsilageT haec | eds sse nl taigeel

acid tryptophhbanowa si nf ocuonndc etnat r at iaomd ilmchotth a
sil ad@)s t(lBéAre untr eat €de e afwactotaytwenxbiade r @ e d e

in the silagbéefatr et ls ¢ dhnee giigmadripenanp e r wme nat ieh y

t hsei | ag&s wohfhackh® di r ect hiimgfhlewue neanpefr at ur e

This paper should be cited as:

Akhtar, A. 2018.Fish silage from side streams of processing factories as raw material for aqublieiat
Nations University Fisheries Training programme, Iceland final project.
http://www.unuftp.is/static/fellows/documeAyshal 7prf.pdf


http://www.unuftp.is/static/fellows/document/Aysha17prf.pdf
mailto:marvin@matis.is

Akhtar

TABLE OF CONTENTS

LIST OF FIGURES. ... ..ottt et e e e s m e e e e e 5
LIST OF TABLES ...ttt et e e e e et anenbe et e e e e e e nnees 6
1 INTRODUGCTION. . ciiiiiiiittttieee et ireeit ettt e e e e e s rme e bbe e e e e e e e anbbeeeeeeammme e e e annnes 8
I A = 7= T3 (o [ 11 [T PSRRI 8
1.2 RAUONAIE..... ettt 9
1.3  ReSearch ODJECHVES........cooiiiiiiii e e e ean 10
2  LITERATURE REVIEW.....coiiiiiiiiiiiiie e eem ettt rmmee e n 10
2.1 FISN SHAGE ..t 10
2.2 Countries leading in ProdUCTION..........ccviviiiiiiiiii i eeee e 10
2.3 U S S ettt e e e e e e e e s mmm— e e e e e nnn s 11
2.4 Advantages and diSadvantages...........ooooiiiiiimmmn e 11
2.5 The appropriateness of fish Silage.............ccoiiiiieeeiii 11
2.6 Side streams Of fiSh ProCESSING.........uuuuiiiiiiei e 11
2.7 Production MTNOUS...........ovviiiiiiiiies s e e e rrreres e s e e e e e e e e e e e e eeeeeeeens 13
2.8 Preparation of acid fiSh Silage...........covviiiiiiiiiieee e 14
2.9 Chemical COMPOSITIONL........cceivriiiiiiiiiiccr e e e e erre e e e e e e e e e eeees 14
2.10 Hydrolysis and chemical Changes...............covvviiiieeciiiiii e 15
2.11 Heat treément to StOp hydrolysiS..........oooiiiiiiiiiiiee e 16
2.12 Phase SEPAratiON.........uuuiiiei i e e e e ceeeicc e e e e e e e ettt eeee e e e e e e e e e e e e ————— 16
P R T (o] =T [ PP PP 17
2.14 Quality Of fiSh SIHAQE.......cooi i e 17
2.15 NULFHIONAI VAIUB......coo i e e e e e e eeee e 17
2.16 USE IN QQUATEEM.......uuiiiiiiiiiiiiii e 18
3 MATERIALS AND METHOD......cciiiiiiiiiiie et eeeieeeee e meeeee e e e 18
3.1 EXperimental deSIO..........oovuiiiiiiiiiimre et ereera e e e e e e e e e eeas 18
3.2 Collection of raw mMaterialS...........ooooiiiiiiiieee e 18
3.3 Preparation ofaw MaterialS............ccciiiiiiiiiiieeeeeee e 18
3.4 ACIH trEAIMENL. .. .t e 19
3.5 SamMPliNg PrOCEAULR. .......uuiiiiiiiiiiiii ettt et e e e eer e e e e e e e e e e e e e e e e s e enes 19
3.6 ViSUAI ODSEIVALION. ......ceiiiiiiiiiiii e e 20
3.7 PH determinatioN............uuuiiiiiiiiii e e et e e et e e e e e e e e e earnanne 20
3.8 Dry matter and moiSture CONLENL..........cocuiiiiii it eeeee e 20
3.9 Phase separation by centrifugation...........cccvviiiiiieeeiiiiiie e 20
3.10 Mineral CONENT.......coiiiiiiieeeee et e e e e e e anee s 21

UNU- Fisheries Training Programme 3



Akhtar

3.11  ProOteiN CONTENL....cciiiiiitieeie e ieeer et e e e s rmmee e e e s e e e s emme e e e 21
3.12 Protein content in SOIUDIE PhaSE............uuiiiiiiiiiieeeii e 21
3.13 AmINO acid COMPOSITIONS ... ..cciiiiiiiiiiitb e e e s eeenre e e e e e e e e e eeeeas 21
3.14 Total lipid @XtracCtion............ccoeiiiiiiiiiiieeee e e 22
3.15 Free fatty acids CONLENL...........ooiiiiiiiiitieeer e eeees e e e e e e eas 22
3.16 Data analysis and INterpretation................ e i eeerieeeiiriieieeeree e e e e e e e e 23
4 RESULTS .ttt ettt emmt e et e e e e e enee e e e e e e s 23
4.1 ViSUBI ODSEIVALION. ... ..uuiiiiiiiiiiiiii ettt e e e e e nneas 23
4.2 pH value of raw material and fish silages. ... 23
4.3 Dry matter and moiStUre CONENL..............uuuuueeiiiceeeeiirir e e e errn s 24
4.4  Proportion of different phases of raw material and silages............cccccvvveeenees 25
4.5  ChemiCal COMPOSITION.........uuiiiiiiiiiiiiiitieeeetie et e e e e e e e e e e e emmr e e e e e e e e e e e e e e e e 26
4.6 Protein in the Soluble Phase............eiiiiiii e 27
4.7  AMINO aCid COMPOSITION......uuiiriiiiiiiiiiiie e eee et mmne e 28
4.8 Free fatty acid CONTENT..........uuuiiiiiiiiiiii ettt 29
5 DISCUSSION. ..ottt ieeei et rm e e e e e e e et b e e e e s smmme e e nnbree s 29
5.1 Ensilation and storage Stability.............ccoooiiiiiiimmmn e 29
5.2  Degree of NYArOlYSIS......oouiiiiiiiiiiii e 30
5.3  Composition Of SHAge.......ccoeiiiiiiiiiiiieeeeie s 32
5.4  Protein in soluble form and stability of amino acid...................cccovccerveveinnnnn. 32
5.5 Formation of free fatty acid and influence of temperature................ccvveeeennns 32
B CONCLUSION. ... .ttt eser e e e e e e e e e e e sn b anenseereeeeeaas 33
7  RECOMMENDATIONS ... .ottt emee ettt esme et e e e e e ee s 33
LIST OF REFERENCES.........otiiiiiiii ittt eeea et a e e e st e e e e e e s nmnne e 36
APPENDICES . ...ttt et e e e sttt e e e e e e e e e e e e 39

UNU- Fisheries Training Programme 4



Akhtar

LIST OF FIGURES

Figure 1.The valugyramid for fish byproducts (Jonsson & Vidarsson, 2016)............. 12
Figure 2.Total lelandic cod catches and exported cod products in quantity and value (FOB)
20002014 eeee ettt e e e e am—— ettt e e e e e a b ta et e anant e e e e e nnraaraeeeeaannnes 12
Figure 3.Ratio ofthe raw materials in cod when producing skinless and boneless fillets
(JONSSON & ViIBAISON, 20L6)u. i i iieeeeeeieieeieeeiiieeee e e e e e ettt mmmr e ea e an e ean 13
Figure 4.Formation of nofprotein nitrogen in silages produced from different parts of cod at
pH 3.9 and 300C. (4) silage from viscera; (3) silage from skin; (2) silage frain (i¢ailage

from flesh (BacknOff, 1976)........ccoiiiiiiiiiiiiieieieeee e e 15

Figure 5Free fatty acid content of extracted oil during storage of sprat silage (Tatterson, 1976).
..................................................................................................................................... 16

Figure 6.Preparation of FiSh SIlages............coovviiiiiiiccci e 19

Figure 7.Changes in pH value of raw material and fish silages during ensilation and storage.
.................................................................................................................................... 25

Figure 8.Dry matter and misture content of untreated raw material.......................oeee. 26

Figure 9.Changes in the rate of hydrolysis in raw material and silages duringtiemsdad

5] (0] £ T [ PP 27

Figure 10.Chemical compositions of untreated raw material...............ccccoeeviceeeevvvnnnnnns 28

Figure 11 Chemical compositions of untreated raw miate...................ccceevvvvieecciinnnnnnnn. 28

Figure 12 Amino acid compositions in untreated raw material and in silages............. 30

Figure 13.Free fatty acid content of wetted raw material and silages during ensilation and

] (0] =10 [T PSPPI 31

UNU- Fisheries Training Programme 5



Akhtar

LIST OF TABLES

Table 1. Common composition of certain fishfpducts silage (Arason, 1994)............ 15
Table 2.Changes in appearance, odour, and sign of putrifaction in raw material and fish silages

during ensilation and StOrAQE..........ccuuuuuriuriiiimree e eerrmrs e e e e e e e e e eaeeeeaes

UNU- Fisheries Training Programme



Akhtar

APPENDICES

Appendix 1. Experimental Design

Appendix2. Collection of raw material from processing factory, HB Grandi.

Appendix3. Mincing and preparing raw material for ensilage.

Appendix4. Changes in appearance of Raw Material and Fish silages during ensilation and
storage.

Appendix5. Phase separation of Raw material on-Gay

Appendix6. Phase separation of Raw material and Silages o1l day

Appendix7. Phase separation of Raw material on-day

Appendix8. Phase separation of Raw material and Silages o®.day

Appendix9. Phase separation of Raw material and Silages on-#ieek

Appendix10. Dry matter and moisture content of fish silages during ensilation and storage.
Appendix11.Chemical compositions fissilages during ensilation and storage.

UNU- Fisheries Training Programme 7



Akhtar

1 INTRODUCTION
1.1 Background

Bangladeslinas a very rich and diversified fishery resources encompassing 121,110 square km
of marine watemareain the Bay of Bengahnd 4.71 million ha of inland fresh water bodies
(Chowdhury, 2014FRSS, 2017)Inland fisheries sector of the cdpnhas two suksectors;

inland capture and inland culture. Inland capture fisheries inclueliss and estuaries, beels,
floodplain, Sundarbans and Kaptai lak@ the other hand, inland culture fisheries comprise
pond, seasonal waterbody, baor, shrimgdpr farm, crab, gnandcage cultureFurther, the
marine fisheries sector consists of both artisanal and industrial (Trawl) fis{iRi8S, 2017)

In 201516, the total production of fishias 3.& million metric tonsThecontribution of inland

culture fisheries was 56% and inland capture fisheries was 27% to the total production; while
the marine capture fisheries contributed only 16%. It is evident that aquaculture in Bangladesh
has been increasing moderately in termisabii production and arg&RSS, 2017)

The fisheries sector of Bangladesh plays significant role in the national economy and
nutritional security of the people. This dynamic sector contril®1&®%6 to our nationalGross
Domesic Product{GDP). It has been estimated that 12 million people are directly or indirectly
employed in the fisheries sector which is more than 7% of the total population, 2014)

The total export earnings from fisheriessaaout US$ 535 thousand in 2015 representing
1.97% of total export valug-RSS, 2017)Traditionally, Bangladeshis are well known as fish
eating people. Fish is substantially important in the daily diet of the people ax 6@&&nimal
protein intake comes from fignon, n.d.)

The fish industry of Bangladesh faces big challenge in handling the huge volume of waste or
by-products generated by the landing sites, fresh fish magksdsprocesag factories. Fish
processing wastes or discards usually include a wide range of body parts comprising viscera,
liver, scales, fins, heads, frames, skin, air bladders, gonads, trimmings or side streams of fillets
etc. At present, there is no centralizgdism for collection of these waste materials for further
processing into value added products. Besides, there is lack of knowledge on the nutritional
value, chemical composition and diverse use of different parts of fish processing waste.
Moreover, new tehrology is needed to preserve the quality of these raw materials immediately
after processing to obtain higher quality final products.

Accordingto the data of Department of Fisherié$% of fish is used for human consumption

and the rest 29% becomesste after processinghis correspondto an estimatef around

1.12 million metric tons of fish waste generatedlaygladeslin the year 20186 (Moretaza,

2016) Only a small portiorof this raw materialis sundried andisedas animal feed, while

most of it is discarded in open place or dumped into the rivers. In general, side streams or rest
raw materials of fish processing are regarded as waste in our country and their indiscriminate
disposalkauses nabnly seriousenvirormental pollutiorbut also loss of valuable nutrients.

Side streams of fish processimg an important source of potentially rich oils, minerals,
enzymes, pigments and flavofscher, 2001) There araliverse uses of theseod products
worldwide. Nutritional uses includéood, pharmaceutical, agriculturagquacultureand
industrial applicationsProduction ofchitin and chitosan, carotengigigments, enzyme
extraction, leather, glue, pharmaceuticalssmetics, fine chemitsa collagen, gelatine and
pearl essence are some examples ofmdritional useskish meal and oil an@most commoly
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produced from fish processing wastdowever,there isalso good potential for silage
productionwhich can baised as raw material faqudeed

Fish silage is a liquid product made from whole fish or parts of it, to which acids, enzymes or
lacticacidproducing bacteria are added to liquify the mass provoked by the action of enzymes
naturallypresent in the fisfFAO, 2003) Silage or fermentation of feed ingrediefrtam plant

origin is a unique proceds improve the nutritinal value, reduce antiutritional factors and
increase availability of certain vitamiSelix & Brindo, 2008)

Feed is the most significaptoductioninput in aquaculture and constitutes more than 50%
production cost irny aquaculture systeridassoet al, 2015) Fish meal is commonly used
as protein source in commerce@mpoundeed which iexpensiveand the global suppliesf
foragefish used for fish meal productidmas become static and/diminishing (Tacon &
Metian, 2008) Therefore, tkere is aconsequenpressure on the feed manufacturerdirtd
alternative to fish neal soas b sustain their profitabilitySignificant researches have been
conducted in different countries silage andits efficacy in replacing fish meab reduce the
cost of fish farmsThe technology of silage production is quite simple, not capitebour
intensive and has good storage qudlitycksoret al, 1984 Edin, 1940)

Production of silage frorfish wastes can offea rangeof benefitsto Bangladeshit can help

to minimize environmental pollutionserve as lowcost feed ingredient fofish farmers,
provide extra revenues for processing industries #relfish vendors. This can also be an
alternative option to preserve the nutritional quality before being used for fish meal production.
However, to achieve these benefits of silage fresh fvastes, we need to develop proper
technology to ensure the qualitiylmoth raw materials and the end products.

1.2 Rationale

In Bangladesh, fish silage is not well kngWroweversome research wotkas beemone by

few scientistson marine trash fisand fish offal silage using acidali et al, 1995 Ali et al,

1994 Bhuiyanet al, 1988) In fact, proper technology, skilled manpower, sound knowledge
baseand awareness among people is crucial to promote the production and use of fish silage.

The aim of this projectvasto produce silage from fresh fish viscera uswg organic acids
(formic and lactic) separately and evaluate the changes in qualifferent timetemperature
conditions. From this study, knowledge on quality parametersrirstdrcrude protein, crude

fat, rate of hydrolysis, amino acid composition, free fatty acid content, pH before and after
production of silage will be obtained.

This knowledge will be useful to evaluate the efficiency of formic and lactic acid in silage
production and also to determiriee nutritional quality inend productsBasedon these
findings, this research can be taken forward towards feed formulatioleswging with fish
silage, assess the growth performance in feeding andlfinally can sggest for extension at
farm level to reduce input costs of fish production.

UNU- Fisheries Training Programme 9



Akhtar

1.3 Research Objectives

General objective

The egan obj eprtdjveotopwa heest| twedsf ush fproce
wast e afqgaura ctuh & whe gihnt duur snt rwi || hel p to prevent
i Bangl adesh.

Specific objectives
1 To produce silage fromide streamsf fish processingising two organic acids
1 To compare the hydrolyzation ratetbé fish silages
1 To evaluate thautritional and physicaljuality oftheuntreatedaw material anénd
products

2 LITERATURE REVIEW
2.1 Fish silage

Fish silage is a liquigroductprepared with whole fish or parts of fisk using acids, enzymes

or lactobacillus(Batista, 1987) In another definition, the process by which underutilized
pelagic fish, fish waste and fish viscera chemically preserved by acid or bases, either with or
without hydrolysis is called fisfArason, 1994)In fact, § agehas a long history in agriculture
derived from the preservation of wet fodder during winter season and has been ssedrfdr
decadesn Scandinaviartountries.Production of fish silage wateveloped from the concept

of silagein agriculture.

In 1920s, use of sulfuric acidndhydrochloric acidmixtureto preserve green fodder was first
introduced byA. 1. Virtanenand this acid method was adopted by Edin in the 1930s to preserve
fish waste(Edin, 1940)in silage prepaation, fish wastes are allowed to liquefy by the action
of the enzymes naturally presémffish and the process &ccderated bydigestion agents like

acid (organic or inorganic) or bacteria.

The types of acids mainly used for silage production ireduldrmic acid, acetic acid and
mineral or inorganic acids. The product is generally used for animal feeding such &g fish
animals and pigs etqArason, 1994However, organic acids more common in silage
production.

2.2 Countriesleading in production

The commercial production of acid fish silage is mostly done in Denmark, Norwa3osartd

while other European countries produce lesser amount. idgk bas been successfully used

in manySoutheast Asianountries such as Iodesia, the Philippines, Malaysia, and Korea as
a means of utilizing waste, fatch and surplus fistn Scamlinavia and Poland, the annual
total production of fish silage has been estimated to be about 120, 0O0@tassn, 1991
Among the Nordic countries, the major production of fish silage is done by Norway which is
about 140,00@ons/year. The raw material is obtained mainly from Salmon fgRustad,
2003)

UNU- Fisheries Training Programme 10
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2.3 Uses

Fish silagas mainly usedn animalfeedjust like fish meal. The protein contentfish meal is
65% whereas fish silage contains cabout 15%Tatterson & Windsor, 2001However fish
meal can be supplemented with fish silagéifferent leveldo reduce the cosif feed.Silage
seems more practical in gigrmswhereit can beapplieddirectly in its liquid form Apart from
pig industry, cows and hetfisd on silage gave good resusisch as milk and butter without
taint andhigh egg productiorSilage can be uses protein concentrate Isgparating the bi
phase and evaporating the ntore (Rustad, 2003)In contrast to ordinary silageise of
concentrated silaggapproximately B-60% dry matter with a syrupy consisteny) is
advantageouas ithas better nutritional valug(Arason, 1994) Further,it is also possible to
mix silage or silage concentrate with other raw mateonaproduce fish mea{Arason,
Thoroddsen, & Valdimarsson, 1990)

2.4 Advantages and dsadvantages

One of the main advantages of fish silageomparison to fish mead that itinvolves low
capital investmenandsimple processing equipmefRustad, 2003)The technology iseasy,

and the production unit can Ipdanned to any size depending on the supply of raw materials
(Winter & Feltham, 1983)Fish silagein facttransforms waste materials.g. by-catch, low
value fish speciedyy-productslike viscera, skin, head, frame, fie$c.)into resource which
could otherwisecreate environmental pollution

On the other handhe main disadvantage of fish silagehs high transportation cosds it is
bulky containinghuge amount of wat (Tatterson &WVindsor, 2001)Also, the profit margin
of silage is low which is disadvantage for the processdnwever, fsh silage candused in
dried concentrated form bdtying ofthe productmplies additional costf energy(Kompiang,
1981 Beerli,Beerli, & Logato, 2004)

2.5 The appropriateness of fish silage

Fish silage igsmportant as it is a versatile feedstuff, economical, easy to make, long term
storage is safe and overall; it is environmentally sound walyspbsal of fish wastéNinter

& Feltham, 1983) Although the production and use of fish silagemmercializedin
Scandinavia many efforts had alsdbeen taken inCanada mainly because of economic
pressures, stringent environmal regulations and the need for protein souyEster &
Feltham, 1983)More specifically, production of fish silage is an attractive alternative for small
processors, for whom fish meal production is too costly and whergupply of raw materials

is too low or infrequentln small remotdishing ports wheresupply of fih wasteis low in
volume,fish meal plant may not be economigakuch placesjeverthelesfish silagecan be

a feasible alternativ@Arason, 1994)

2.6 Side streams of fish processing

Side streams dfsh processing is attributed to those parts of fish body usually not suitable for
human consumption such as viscera, skin, fins, scale, frame, head, tail, liver etmdrhese
edible parts of fish are generally regarded as discards, waste or {sbdwgts having low
commercial value. In recent time, utilization of these raw materials into value added products
has become a promising sector for many counpaescularlylceland.The valuepyramid in
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Figurel showingthatfeed is at the bottom levelhile pharmaceutical productse at the top
most levelof valueadded produstfrom fishraw materialgfJonsson & Vidarsson , 2016)

Functional foods
Healthy food
Nutrition/Food

Figure 1: The valuepyramid for fish by -products (Jonsson & Vidarsson, 2016)

Iceland has achieved remarkable successprocessing fishby-products and earning
considerable amount of revenfrem export since 2004Moretaza, 2016)In Figure 2, it is
shown thathe export value of cod produckasincreased since 20q06nsson & Vidarsson ,
2016)
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Figure 2: Total Icelandic cod catches and exported codroducts in quantity and value
(FOB) 20002014.

In Icelandic fish industry, most of the raw materials from processing cod are being utilized
which includecut-offs, head, frame, skin, liver, roe and milt, s&imd viscerdFigure 3) These
processing wastrepresent 57% of the whole fish after filletinGhough it is theoretically
possible tautilize 100% ofthe fishlandedbut in reality, there are difficulties ifreezing and
storing facilities for raw byproducts (Jonsson & V@arsson , 2016)For examplefactory
vessels are nqrovided with storage facilities faiscera and therefotbe viscera of degutted

fish are usuallgumped into theea at present.
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Roe and milt
2% . Skin
Viscera 3%
5%

Liver
6%

Backbone
12%

Fillet
43%

Cut-offs
6%

Head
24%

Figure 3: Ratio of the raw materials in cod when producing skinless and boneless fillets
(Jénsson & Vidarsson, 2016).

Since fish waste has already been proven as a valuable resource, positive terminologies like
side streams or rest raw materials are intentionally used by the researchéne &ishing
industry instead of waste, discards ordrgducts.

It has been estiated that the volume of waste produced by processing plants is 50% of the
processed fish. According to thehout 50% of the world whole fish or parts of it, becomes
wase materiacorresponding to theamount of 65.2 million metric tons of fish wagferuda,
Borghesi, & Oetterer, 200.7n the United Kingdom43% of the total production of fish and
shell fish estimated to be used farman cosumption and the st of itis clas#ied as waste

Major portion of the fish wastie produced in the eshore processing sect@rcher, 2001)

In Bangladesh, 71% of the fish is consumed and 29% is wasted as was foutitefresearch

of Bangladesh Shrimp and Fish FoundatiMoretaza, 2016)There are 78 fish processing
plants in operatiowith the average processing capacity 085 tongday/unitandproducing
163-16.4MT of waste materia. There is huge prospect in converting these fish residues into
asset for reenue generation of the countBut the main challenges lie in skilled manpower,
proper technology to begin with, investment and infrastructure for collection and maintenance
of good quality raw materials.

2.7 Production methods

There are two methods of fish silage preparation:

i. Addition of acid (organic and/or inorganic)

The product is called acid fish silage.this methodpH is lowered off sufficiently to prevent
bacteral spoilage andhe liquefaction of fish tissue made by enzymes naturally present in
the rawmaterial. Wheninorganic acids used for fish silage, pH is lowered to 2 or below in
order to obtain a welbreserved product. The amount of acid required tohgetlesired pH of

2 depends on the protein and ashtent in the raw material. However, it should be mentioned
that neutralization or deacidification is required for such product prior to feeding to animal.
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Organic acids namely formic acid, acetic aandl gropionic acid are generally used for fish
silage preparation. For formic acid and propionic acid, the silage becomes stabid.gt&h8

4.5 respectively. The advantage with organic acid is that neutralization of product before
feeding is not requidkthough these are more expensive than inorgards @atista, 1987)

The general recommendation for the proportion of organic acid to be used is 3.5% (w/v) which
is applicable for most fish or fish wastes. However, a mixdfiirorganic and organic acid is
preferable considering the high price of organic acids. In su@s,cismic acid (85%) and
sulfuric acid (50%) in different mixtures are referred by many aui#oeson, 1994Batista,

1987)

ii. Bacterial fermentation with lactobacilli

The product is called microbial/fermented/ biological silagstarter culturef proper lactic
acid bacterias added witha fermentable sug#ap produce lactic acid which lowers the pH off
and enhances the bredkwn of tissue prote by the enzymes in the raw materiéBatista,
1987)

2.8 Preparation of acid fish silage

There are three basic stepgpnmeparation of fish silage:
I.  Mincing or chopping of the raw materials
ii.  Addition of acidand blending
iii.  Storing

For fatty fish, deoiling is necessary only if the oil content of the silage is more than about 2%
of the wet weigh{Raa & Gldberg, 1982) During preparation, care should be taken so that
acid and minced fish/offal gets mix#wbroughly otherwise putrefaction may occur in pockets
of untreated raw materi@Vindsor, 1981)

For successful fish silage production, freshness of raw material is vital. Raw materials already
spoiled or with bacterial bakdown ismost likely to be unsuitable for silageaking, as the

end product would be poor in quality, with a high bacterial content and produce unpleasant
odour(Winter & Feltham, 1983)Posthandling of raw fish waste is qaiadvancén countries

like Denmark, where chilling of fish and fish wastes are done before taken to silage production
plants which obviously prevents deterioration of raw materials. It is imperative that fish waste
or discards must be looked upon as &hle resorces rather as trash by the fishing industry
which will in turn ensure high quality fresh fish waste.

2.9 Chemical composition

It is reported thatomposition of fish silagandthe raw materialsised for its productioare
quite similar(Arason, 1994)However, the composition variggth speciesfat content in the
muscleandtype offish by-products(e.g. viscera, head, skin, bone etEgQr examplejf the
protein, fat, moisture and mineral conteftwhite fish offal werefound as 15%, 0.5%, 80%
and 4.5% respectivelren thewhole fatty fishwill havecomparativelyhigher protein and fat
contentand correspondinglyower value for moisture and minerabntent (Tatterson &
Windsor,2001) The approximate compositi@i somefish silage from byproducts are shown
in Table 1(Arason, 1994)
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Table 1. Common composition of certain fish byproducts silage (Arason, 1994).

Silage Moisture Protein Oil Ash

% % % %
White fish viscera 60.0 115 26.5 15
White fish offaf 78.9 15.0 0.5 4.2
Herring offaP 75.4 13.5 8.7 2.6
Lumpsucker offal 86.8 7.8 3.2 1.0
(Cyclopterudumpug

ANithout viscera
bWith viscera

2.10 Hydrolysis and chemcal changes

During storagef fish silage series of chemical changes take plagehe action of digestive
enzymes proteases and lipasBEsis process is known d&ydrolysis or liquefactionn which
tissue protein and fat&aks down into smaller funotial unitg(Arason, 1994)As liquefaction
(autolysis) continues, thereas increase in the moisture or aqueous p(Batsta, 1987)At
the initial stageof hydrolysis, protein molecules break dowmio small peptides and amino
acids which is called proteolysisHowever, further degradationof amino acidsproduces
ammoniaandresults in losseaf essential amino acids. Tryptophan is the limiting amino acid
in fish silage which easilglegrade at higltemperatureand low pH(Arason, 1994) The
maximum activity of proteas@ccurred at 4%50°C (Raa & Gildberg, 1982)'heoptimum pH
rangefor digestiveproteasess 2-4 and above pH 4 their activighows a sharp decrea@eaa
& Gildberg, 1976)

Thelevel of protein hydrolysisan be measad from theratio of proteinnitrogensolubilized

in the aqueous phasapressed as percentage of total nitroddre degree of hydrgsis can

also be measured from the Rprotein nitrogen (NPNgontentpresent in the aqueous phase.
The NPN value increases with storage time and varies with different parts of fish; e.g. viscera
silage liquifies faster than other boggrts(Jayawardena & Poulter, 1980) Figure 4,the

rates of NPNformation at 38C were shown to varfor different parts bcod in silagegrepared

with formic acid(Backhoff, 1976)
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Figure 4. Formation of non-protein nitrogen in silages produced from different parts of
cod at pH 3.9 and 300C. (4) silage from viscera; (3) silage from skin; (2) silage from head,;
(1) silage from flesh (Backhoff, 1976).
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Hydrolysisis a temperature dependenbpessanddevelopment of soluble nitroges more

rapid duringthe first few days of storagéTatterson & Windsor, 2001)lo determine the
freshness raw material atfte increase of NN (from degradation of amino acids) silage

total volatile nitrogen (TVN)s a useful measuf@rason, 1994)

During storage of fish silageyiglycerides in fish oil break dowto free fatty acids by the
enzyme lipaseand ths process is known as lipolysi$he famation of free fatty acids is
temperature dependemhich is shown in Figurg (Tatterson, 1976 High level of unsaturated
free fatty acidhasthe risk of being oxidizedvhich is known as rancidityAs a result of
oxidation hydroperoxidesre producedchitially whichreadilydegraded through a free radical
chainto givesecondary stable produgiBatterson & Windsor, 2001)
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Figure 5: Free fatty acid content of extractedil during storage of sprat silage (Tatterson,
1976.

Fat oxidation is nutritionally undesirable in fish silage and can be slowed down by the use anti
oxidant such as ethoxyqguijArason, 1994)Oxidation of fat is measured lthye peroxide values

(PV) andthiobarbutaric acid reactive substances (TBARS). Oxidized fat in animal feed causes
loss of appetite, inhibit growth and even death when the peroxide value increased above 100
ml/kg diet(Tatterson & Wimlsor, 2001)

2.11 Heat treatment to stophydrolysis

Termination of hydrolysis in silage productioressentiato obtain stable end product3his

is usually done byeatingthe silagefrom 85°C for 2 minutesand then cooled down to room
temperatureThe main purpose of heat treatment ostparizationis to stop the activity of
digestive enzymeBom further breaking down of proteand to produce peptides of suitable
length Pasteurization alspreventdipolysis of triglyceridesin storageThis proces ismore
applicablewhenlarge proportion othe tissue components are dissolatioughheatingcan
used at anlevel ofdegradatior{Arason, 1994)

2.12 Phase separation
In storage, silage is separated into mainly three phiasesurface layerof lipid-protein
emulsion amiddle layer ofaqueous soluble phasad abottom layer ofsmall sedimenof

heavy and insoluble fragmeni&here will be no separation of layersifage is in welmixed
condition (Arason, 1994) The oil from upper surface can be separdigdthe separation
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techniqueapplied in fish meal factorf.he amount of oil recovefyom silage by centrifugation
increase with timef incubation The experiment donen mackerel silageontaning 12.5%
oil showed tha6.5% was recoverednmediately aftelacidificationwithout heatingwvhereas
more oil i.e. 8.2%was recoveredfter 12 days incubation or storageirther, 1.8% of oilvas
possible to recovdrom the samsilageif it was heatedo 70°C (Reece, 1981)

2.13 Storage

In general, fisksilage isconsidered aa stable product and keeps well in extended period of
storage without becoming spoiled or ran€ldtterson & Windsor, 2001}t is reported tht

silage can be stored fat least 1.5 to ears putaddition of antioxidant isssential to prevent
oxidation of fat(Raa & Gildberg, 1982)However,in experiments by Hardgt al. (Hardy,
Shearer, & Spinelli, 1984)ength of storage was found to have directly affecnthtetional

value of fish silage since continuous liquefaction process results in lesser amount of dry matter
in silage.

2.14 Quality of fish silage

Qudity of silage depends on the freshnesthefraw materialsat the first placeThough, the
term qualityfor fish silage iglifficult to definepH, protein, fd, dry matter and mineral content
are commonly regarded as quality indicating parameittraiever, thee are ranges of other
parametersvhich have been evaluatéa determine the quality of fish silagachas TMA,
TMAO and TVN(Arason, 1994)TMA is the degraded product of TMAformed by bacterial
decomposition oTMAO. TMA is basically used to determine the freshness of raw materials
(Pedersen, 198MWhile TVN is tested to measure NHds an indicatoof freshness of materials.
TVN value more than 50¢/00g is not suitable for high quality silagrason, 1994)

It is essential to ensure well mixing of sildmEfore sample is taken, otherwtbe samplevill
consist ofonly one out of the three basic layeod, aqueous and bottom solidrason,1994)
and give wrong information othe quality aspectsinconsistentquality is one ofthe main
reasons for slow growth of silage industtyyshould be kept in mind that silage proceasnot
improve qualityof already spoiledaw materialsThereforeproduct declaration for the user
required to get standard informationnotein, fatash and dry mattemhevalue of mineral in
particularis an indicator of the type of raw matenieled for silag¢Jangaard, 1991)

2.15 Nutritional value

The protein and amino acid composition of fish silage is almost similar to that of fish meal
made from same type of raw materials. Due to autolysis, protein in silage becomes solubilized
and broken down into high level of free amino aedd therefore, §h silage is considered as

a good source of essential amino acfdinter & Feltham, 1983)Loss of amino acid
tryptophan and sometimes histidine during storage of acid silage is common, however, most
other anmo acids were food to remain stable.

Silage consisting fish viscera tends to have lower mineral contents than the silage made from
whole fish or heads and frames. In general, fish silage provides good amount of essential
minerals such as calcium andgsphorous in realyi available form. Vitamin E and A can be
destroyed by oxidation of oil in silag€hiscan be minimized by using axdkidants or vitamin
additives in diet supplemented with fish sildgénter & Feltham, 1983)
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2.16 Usein aquafeed

Fish silage contains high quality crude protein which can supplement the protein requirement
of monogastric (single stomached) animals such as pigs, poulttyedning animals and fish.

In Norway, up to 60% fish silage along wit@% binders is used aglfeted fish feeds. Use of
antioxidants is necessary for high olil fish silage containing oil up to (®8ftter & Feltham,

1983)

Fish silage in fish feed showed varying success in different researghesddey on the fish
speies, type of acid used for ensilation and the method of processing. Silage based moist pellet
provided excellent performance in the growth of salmonid fish in Nor{Bayista, 1987)
Nutritional value of ish silagewas found tde affected by prolongestorage Thereforeheat
treatmentof fish silageis recommendedo stop enzymatic activitprior to dryingfor diet
formulation(Hardy, Shearer, & Spinelli, 1984)

3 MATERIALS AND METHOD
3.1 Experimental design

Red fish Gebastes marinus)scera was used in this study for production of silage using two
organic acids; formic acid and lactic acid. Two different temperatura 26d 48C were
used for each acid treatment. Heré)@%asconsidered as ambient temperature condition in
Bangladesh, while elevated temperatur€CA/as used to accelerate the enzymatic activity.
On day 5, the temperature of’@5treatment for both lactic and formic acid were raised $6 80
for 1 minute toinactivate the enzyme and then cooled down t8C2for the rest of the
experimental period. This was done to obtain a more stable product of silage.

The raw material was kept for 5 days in untreated condition to analyse the degradation in
guality relevat to the present handling practice in Bangladesh and then discarded. The duration
of the whole experiment was 5 weeks and sampling were done &b dayl, day5 and
week5 respectivelyThe structure of thanalyses done in this study are shown in Aypipel.

3.2 Collection of raw materials

Freshviscera ofRed fish Eebastes marinysvere collected from the fish processing company
HB Grandi, Reykjavikfrom Baadergutting machne Besides, viscera were obtained by
degutting some big size Red fistanudly to increase the amount of raw material. The raw
material consisted mostly of viscera, small parts of fin, gonad and liver. A plastic container of
50 kgwas used to collect the raw material and then brought to the Lab of MATES.
collection proces isshown in Appendix.

3.3 Preparation of raw materials

In the lab, the raw material was minced immediately with an electric mincer-62CBellde).

Four treatments of silage were planned for lactic acid and formic acid in two different
temperatures 2& and45°C (LA 25, LA 45, FA 25, FA 45) and the raw material (RM) was
kept in untreated condition. A total of 15 plastic containers of approximadébr apacity

(3 container for each 4 treatments and 3 for untreated raw material) were preparedIkat lab
for theexperimentThus, eaclof thetreatmens had three replicates (i.e. LA 25 LA 252,
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LA 25-3). The minced raw materials were weighed to 2.5 kg and put into each plastic container.
3 samples of 100 gm from each replicate (i.e. LA125 LA 251B and LA 251C) were
planned to take on every sampling dappendix3). The preparation stepare shown in the

flow diagramof Figure 6.

[ Mincing Raw Material }

¥

Mixing and blending with
Formic and Lactic acid (85%
at 3.5% (wiv)

Kept at temperattne 25 C
and 450 for

liquefaction/hydrolysis

Ensilation was completed
within 5 days

Heat treatment doneat

80°C ‘ Stored until 5 weeks }
5}

on silages at 4& on day

Figure 6: Preparation of Fish silages
3.4 Acid treatment

Formic acid 85%) and lactic acid (85%) were added to the minced raw material in each plastic
container at the rate of 3.5% (w/v). After addition of acid, the containers were shaken
vigorously so that the acid gets walixed andho pocket of untreated material is dezh The
measurements used for acid treatment was guided by previous works on fish silage production
(Arason S. , 1994, Batista, 1987; FAO, 2Q0B)e containers with untreated raw materials
were kept in room temperae of 25C.

Temperature loggers weresed to keep record of tiiemperature25°C (ambient), 4%C
(elevatedand 88C (pasteurizatioh

3.5 Sampling procedure
After prepared with acid, one treatment for each acid was kept in ambient temperatu?€i.e. 25
and the other in #& in a water bath wh heater and temperature logger. The sampling dates

were decided as follows: da@, 1, 5 and week. On day5, two treatments of 46 were
heated to 8% for 1 minute to stop the enzymatic activity then cooledrdn 2%C and kept
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in storage. Last sampp for untreated raw material was done on-8and then discontinued.
For measurement and analysis, samples from replicatere used while samples from the
replicate 2 and 3 were kepti80°C as back up sample

3.6 Visual observation

Appearance, odowndsigns ofputrefaction(or growth of moulds) of the silage samples and
untreatedaw materials were observed on each sampling day and recorded. Photographs of the
samples were taken for record.

3.7 pH determination

The pH value ofthe silage sampleand he raw material was measured and recorded on each
sampling day by a digital pH metérhe probeof the pH metewas calbrated with buffer
solutiors of pH4, 7 and 11 before taking measuremdiie pH value was measured in three
replicatesalong with tempeature. The sample was stirred well before measyuithg

3.8 Dry matter and moisture content

Dry matter content (DM) was measured indirectly from moistaargent (M) measureent

(ISO, 1993) Approximately2-3 g of homogenized saple was weighed (+ 0.0001g) and
placed in a small porcelain bowl. The porcelain bowl of sample was left to dry for 4a&0sl h
intheovenat®N 2 . The bowl was removed from the
temperature in a desiccator for ab&0 minutes. Thery matter and moistureontentwere
calculated by the formula as follows;

Where

M is the moisture content

m is the mass of the bowl (g)

ny is the mass of the bowest portion(Q)

mg is the mass of thbowl, driedtest portion(g).

OO0 pmnmd P
3.9 Phase separation by centrifugation

For phase separation, 50 ml of sampkreweighd by analytical scale and taken into a red
screw cap graded test tube. The exact weight of each sample was recorded. Then the samples
were centrifuged for 12 min at 2500 rpm 3E4After centrifuge was done, the red screw cap

test tubes were remnedcaretilly, and the ratio of each phase was measured and recotaed.

degree of liquefaction of silage was measured by the increase in volume of the aqueous phase
after centrifugationThe picture of the corresponding sample was taken. Further centrifuge was
done if the phases need to be separated more noticeably.
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3.10 Mineral content

About 5 g of the test sampglavere previouslyheatedin incineration dish and then put into
Muffle furnace for incineration at 580 for at least 30 minThe samples wergooledin the
desiccator and weighed to the neare@00 g(ISO, 2002)

The crude ash, W expressed as a mass fraction in percent of the test sampéias equ

. a a
W —F— pnTP
a a
Where;

Mo is the mass, in grams of the empty dish;

my is the mass, in grams of the dish containing test portion;
e is the mass in grams, of the dish and crude ash.

3.11 Protein content

Crude protein contens usualy determined byKjeldahl method(ISO, 2005) In this study,
percentage o€trude protein ws determined by simply subtracting total lipichineralsand
moisture contenfrom 100 foreach sample.

3.12 Protein content in soluble phae

Protein content solubilized in the agueous phase was determingjeldghl method(ISO,

2005) After phase separation, the agueous phase in the raw matay8) @nd silage samples
(weekb5) were taken out carefully byhite tube and put into separate clean test tube of 15 ml.
Centrifuge was repeated 2/3 times to get the aqueous phase as clear as possible from any solid
particles.

For protein estimation, about 5g of homogenized samals digested in sulfuric acid ineth
presence of CuSfas a catalyst at approximatéy7 0. Thereafter, the sample was placed in

a distillation unit, 2400 kjeltec Auto Sampler System. The digested sample was made alkaline
by the use of NaOH solutioandthe nitrogenwasdistilled off as NH. The ammonia was
distilled into boric acid solutio andthe amount of ammonia nitrogen in this solution was
guantified bytitration with SQu. The nitrogen content was then multiplied by 6.25 to obtain

% crude protein

3.13 Amino acid compositions

The essentialmino acidcompositions including tryptdan of raw materialday-0) and two
silage samples LA 25 and FA 2idek5) wereanalysedrom Eurofins WEJ Contaminants
GmbH, Hamburg, Germany. The methods used wefellaws: tryptophan (EU 152/2009,4C

UV), cystein +cystine, methionine (oxidative; B82/2009 (F), ISO 13903:2005,-1@V) and
alanine, aspartic acid, arginine (acid hydrolysis; EU 152/2009 (F), ISO 13903:2005, AMSUR,
IC-UV).
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3.14 Total lipid extraction

Total lipid was extracted from samples with methanol/chloroform/0.88% KCI (at 1/1/0.5,
v/viv) according tanethod byBligh and Dyer(Bligh & Dyer, 1959) The lipid content &s
determinedyravimetrically,and the redis wasexpressed as gram lipid/108gmple

Thelipid wasextractedwith a solution of chlorofom: methanalPotassium chloride according
to Bligh & Dyer (1959) with adaptatiorfsom fish materials25 g of samplevas weighed into
a250/500 mL centrifuge bottles. 25 mL of chloroform and 50 mL of methaed addeénd
homogenize for 2 mimgain 25mL of chloroformwas adde@nd continud mixing for 1 min.
Finally, 25 mL 0.88% KCivere adde@nd miedfor 1 min.After homogenizatiojthe samples
were @ntrifuged for 20 min at 2500 rpm at 4 °The lower chloroform phase containing the
fat wasabsorledextraced using plasticpipettes The chloroform phaseasthen filtratedvia
disodium sulphate (N&O.) on a glass microfibdilter (Whatman GH/Clunder suctionThe
suction flask contentvasthen poured into a B0 volumetric flask. Every trace ohé upper
phase(methanol)wasremoved and the 50mrolumetric flaskwasfilled with chloroform to
the mark.The fat extract was then poured into a 50 ml red screw cap tube and labelled.

For determination of fat, 0.25 ml of fat extract (sample) was takiena glass tube with
micropipette and weight was recorded (weight of the empty tube was recorded Béfere).
the chloroform was evaporated from the sample by using nitrogen jetGf&510-12 min.
After cooling down, the weight was recorded agaihe % of total fat was calculated as
follows:

O VTT

@ U
"Ob ©
v p T

Where;

G2 = weight of glass tube with fat after evaporation
G1 = Weight of empty glass tube

Go-G1=Fat in 0.25 ml extract

F1 = Fat in 50 ml extract

S= Weight of sample

3.15 Free fatty acids content

Free fatty acid contemtasdetermined on the total lipid extract according to Lowry and Tinsley
(Lowry & Tinsley, 1976)with modifications from Bernardez et.dBernardez, Pastoriza,
Sampedro, Heera, & Cabo, 2005)

After weigh of the fat in 0.25 ml extract was calculated, 3 ml of cyclohexane and 1 ml of cupric
acetatepyridine agent was added to each glass tube to dissolve the fat and was vortex for 40
sec. Thereatfter, the fat solution wastcduged for 10min at 200 g at 4°C The upper layer

of the solution was read at 710 nm in spectrophotomBterFFA concentratiom the sample

was calculated as mol oleic acid based on a standard curve spanningl4ugol range.
Resultswereexpressd as grams FFA/100 g of total lipidBhe formula for calculation is as
follows:
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3.16 Data analysis and interpretation

The data was analysaad interpretetty MS- Excel.

4 RESULTS
4.1 Visual observation

The gradual changes iappearancand odour of theintreatedraw materia RM) ard silage
sampledrom dayO0 to week5 are given inrable2. There was no change appeaance, smell
and colourof theuntreatedaw materialuntil endandno putrefactionwas observedAll the
silages beame liquified by day5. Along with liquefaction the initial light pink colour
gradually changed intdark-greyin LA 25, brightorange (surface giand grey (bottom solid)
in LA 45, grey in FA 25 and orange (surface oil) agréy (bottom solid) in FA 45All the
changes in visual observation are presgimiéd ppendix4.

In the beginningthe odour of theuntreated raw mterial (fish visceraas pungent and
characteristic of fishwhich changed intamild fishy smellin the silagesas tlose become
ensiled It was evident that ensilation was complet@dLA 25 and FA 25y day-3 to day5,
while on the other hand,A 45 and FA 45were ensiled faster i.e. on day This rapid
liquefactionmay be an effect ofhigher temperatéhataccelerated the enzymatic activigfl
the silage samples remarhin acceptale condition until end of storagendno putrid odour
or growth of mouldvas observed.

4.2 pH value of raw material and fish silages

The pH value of untreated raw material (RM) initially was 6.5 which fluctuated a little bit but
did not went belové (Figure 6). In case of lactic acid silage (LA 25 and LA 45), the initial pH
was found 4.18 and 4.14 respectivelljich was almost same throughout the experiment and
became stable at 4.09 and 4.12 respectively on day 36. For formic acid silage (FAFZ5 and
45), the initial pH value was measured at 3.40 and 3.47 respectively which became stable at
3.38 and 3.26 in thend of storage. Thus, lactic acid silage was found to be stabilized below
4.5 and formic acid silage below 3.5 respectively as expected.
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Table 2: Changes inappearance odour, and sign ofputrefaction in raw material and fish

silages during ensilation and storage.
Day Raw Material LacticAcid 25°C  LacticAcid 45°C  Formic Acid 25°C  Formic Acid 45°C

(LA 25) (LA 45) (FA 25) (FA 45)

0 Thick, light - - - -
pink colour,
raw pungent
smell

1 same Semkliquid, grey  Liquified, orange Semkiliquid, pale  Liquified, orange

colour, mild fishy  (surface oil layer) grey cobur, (surfaceoil layer)

smell and grey (bottom strongfishy-acid  and greybottom
solid) colour, mild  smell solid) colour, mild
fishy smell fishy smell

2 same - - - -

5 Thick, no Liquified, dark Liquified, bright  Liquified, Liquified, orange(oil
change in greycolour, mild  orange (oil layer) blackishgrey, layer) and grey
colour and fishy smell and grey (bottom fishy acidic smell (bottom solid)
smell solid) colour, mild colour, mild fishy

fishy smell smell
*no
putrefactionor
growth of
mould
36 - Same Same Same Same
*no putrefactio *no putrefaction  *noputrefaction  *no putrefactionor
or growth of or growth of or growth of growth of mould
mould mould mould

4.3 Dry matter and moisture content

In untreated raw material (RM), the dry matieM) and moisture (M) content was found 44%

and 56% in the beginning and on e@aythe proportion was 50% for both of them (Figure 7).
For lactic acid silage (LA 25 and LA 45), the initial ratio for DM and dtent were found as

45%, 55% and 52%, 48% regpigely. Then DM content was observed to be decreased (35%,
29%) with a corresponding increase in moisture content (65%, 71%) for both lactic acid silages
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at the end of storage (Appendix 5). Similar trend feasd for formic acid silages (FA 25 and
FA 45),

pH value

0O 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38
Days

ORM @LA25 ®LA45 ®FA 25 ®@FA 45

Figure 7. Changesin pH value of raw material and fish silages during ensilation and
storage.

4.4 Proportion of different phases of raw material and silages

The untreated raw matal and silage samples were centrifuged teemeine the ratio of
soluble phases due to hydrolysis or liquefaction with time. The weight of the moisture
(aqueous) phase is expressed as percentage of the of the total weight of the sample. There were
4-5 layers found from surface to bottom after ceatyétion as follows: oil, solid, moisture,
solid-2 and bottom solid (Figure 8). In untreated raw material, surface oil and bottom solid
layer was found to have almost same ratio from the beginning to th&ersdure phase was

not observed to increaseotigh it was expected due to enzymatic activity. The phases in
untreated raw material and silages are shown in Appefdix, 8, 9 and 10. Both lactic and
formic acid silage (LA 25 and FA 25) were found tové&® layers (with layer sok@). This

layer wasnot so distinctly separated from moisture phase and easily get mixed up. In contrast,
both LA 45 and FA 45 were found to have 4 layers (without the layer2pivhich may be

an influence of higher tempeuae. The proportion of aqueous phase was exgeotacrease

in both LA 25 and FA 25, however, it was found to be less in LA 25 than FA 25. The differences
in degree of liquefaction can be an effect of the strength of the acids as formic acid is known
to be stronger than lactic acid.

In case of LA 45and FA 45, increase in soluble phase as a result of hydrolysis was clearly
visible and showed similar trend in both the silages. This may be a direct influence of higher
temperature assisting the smallertsrof protein molecule to be solubilized in thgueous
phase (Figure 8).
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Figure 8: Dry matter and moisture content of untreated raw material

4.5 Chemical composition

To evaluate the chemical composition of raw material and silages; total fat, mineral and
moisture was detmined first to calculate the relative proportion of protein. In untreated raw
material, the protein and mineral content was found to be consistemdal 3%, 1.8%) from

day-0 to day5 (Figure 9). While slight increase in fat (from 29% to 35%) and dserén
moisture content (from 56% to 50%) was observed in the end. Fish viscera is usually higher in
fat content (depending on the composition) ancelow protein content than other parts of the
body.

Conceptually, the silages in this experiment wengpssed to have similar proportion of fat,
protein, mineral and moisture content conforming with those of the raw material. However,
varied results wer found in all the silage samples. For lactic and formic acid silage (LA 25,
FA 25), the proportion of mieral contents showed slight increase from initial value i.e. from
1.80% t01.90% and from 2.20 to 2.30% respectively (Appendix 11).

Both LA 25 and FA25 were found to have lower amount of protein (around 9.57% and 5.63%)
than the untreated raw materida3¢o) in the beginning. Then the protein content decreased
further in LA 25 (6.32%) but increased little more in FA 25 (5.88%) in the end. Tissueprotei
are gradually broken down by the protease enzyme into smaller peptides and free amino acids
in silageswvhich might be the cause of lower proportion of protein. Similar trend was found for
lipid or fat content for these two silages. In silage, the enziyrage breaks down triglycerides

into free fatty acids which increases with time and is dependent @etatare. The reduction

in fat may be a result of formation of more free fatty acids. However, the moisture content was
found to increase from initigdroportion for both the silages (54.53% to 65.38% in LA 25 and
58.97% to 63.42% in FA 25) which may béted to the degree of hydrolysis during ensilation
(Appendix 11).

Almost similar trend in LA 45 and FA 45 were found for fat, mineral and moisamgct. In
contrast, protein content was found to increase in both the silages (LA 45; from 2.61% to
11.01% and from 3.26% to 14.43% respectively) which may be the influence of accelerated
temperature and nature of acid. The hydrolysis process in silag@BCawas allowed to
continue till end of storage which may be the probable cause of breaking dovatedf pind
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fat more and thus reflecting a corresponding decrease in their proportion. On the other hand,
the hydrolysis process in silages al@%vas more due to higher temperature but then by heat
treatment the enzymatic activity was stopped on&laphis was supposed to inhibit further
breakdown of protein which can be a cause of increased amount of protein in the end products

(Figure 9).
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Figure 9: Changesin the rate of hydrolysis in raw material and silages dting ensilation
and storage.

4.6 Protein in the soluble phase
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The proportion of protein solubilized in the agueous phase of raw material and in the silages
(LA 25, LA 45, FA 25 and FA 45) was determined since this protein is important from
nutritional pointof view (Figure 10). The untreated raw material was foundotusist of
10.40% protein in soluble form (expressed as % of total N) which showed an increase in
concentration for all of the end products. However, the proportion of protein content in the
agleous phase of the lactic acid silages (LA12540% and LA 4581.1.30%) were more than
those of the formic acid silages (FA-28L.30% and FA 4511.20%).

Raw Material

100%
80%
60%
40%
20%

0%

D-0 D-5
Days

H Minerals mFat m Moisture Protein

Figure 10: Chemical compositionsof untreated raw material.
4.7 Amino acid composition

Amino acid composition of the raw material in the initial state{@egnd the lactic and formic

acid silages (LA 25 and FA 25) in the end (w&gkvas determined to assess the concentration

of functional units of protein from hydrolysis andsgsible breldown of tryptophan.
Tryptophan is one of indispensable amino acids that easily breaks down with high temperature
and becomes a limiting factor in the end product of sil@gason, 1994)In the present
expeiment, tryptophan was found to sustain until the end of storage and the amount of it
increased in the silages (LA 26.063 and FA 250.0655 g/100g) than in the untreated raw
material (0.0445 g/100g) (Figure 11).

Protein content in soluble phase
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Figure 11:. Chemical compositions of untreated raw material.
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The concentration of all other amino acids (cystein+ cystine, methionine, alanine, aspartic acid,
arginine) conforming to the similar trend. It was observed that the concentratidrotifeal

amino acidsn LA 25 were very close to those of the FA 25 which may be attributable to the
desirable performance of lactic acid. However, status of tryptophan in the silages with higher
temperature (LA 45 and FA 45) was not possible to compdhesiexperiment.

4.8 Free fatty acid content

In this study, free fatty acid (FFA) content of untreated raw material and the respective silages
was determined as a ratio of the total fat. The level of unsaturated fatty acid is important to
assess the degrethydrolysis of trigicerides in lipolysis. In untreated raw material, increase

in the concentration of free fatty acid was found i.e. from 5.76% Q)ldag 17.29% (dayp)
conforming to the rapid degradation during first few days of storage (Figure E2yefla was
similar for LA 25, as the ratio of FFA was more within 5 days (from 6.85% to 10.26%) and
then it slowed downl1(.88%) in the end (Figure 13Vhile FA 25 showed a decrease in FFA
concentration on day and then a slow increase to the end waended. This trend isot
comparable, and it may be occurred as sampling or analytical error.

Both LA 45 and FA 45 showed an increase in FFA concentration in this experiment from
starting to end i.e. from 6.01% to 13.37% and from 4.46% to 10.33% fat5Lé&nd FA 45
respectivey.

5 DISCUSSION
5.1 Ensilation and storage stability

In this work, two organic acids formic and lactic acid were used to preserve the raw material.
Formic acid is more common in silage production while direct use of lactic acid wWasind

in any literatwe. However, use of Lactobacilli is quite familiar in fermented silage which
produce lactic acid to lower the pH and create the environment for aut{lggisenro, 1994)
Formic acid silage usually becesstable at pH 3.5 tb(Batista, 1987which matches with

the pH value 3.38 and 3.26 found for FA 25 and FA 45 respectively. On the other hand,
recommended pH range for lactic acid fermented silage is 4 to(vé®m Hofsten &
Wirahadikusumah, 1972yhich is comparable with the pH value found for LA 25 (4.09) and
LA 45 (4.12) in the end of storage.

Fish silage is considered as relatively stable under long term si@raiierson & Windsor,

2001) however storage for more than 6 months is not recommended for commercial purpose.
In this experimentputrefactionor growth d mould was not observed in the silages in 5 weeks

of storage since pH was reasonably low to prevent spoilage. However, dheha@nges
occuring in protein and fat during the process should be taken into account which can affect
the quality.
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Figure 122 Amino acid compositionsin untreated raw material and in silages.

5.2 Degree of hydrolysis

The rate of hydrolysis depends on a number of factors such as composition and freshness of
raw materials, activity of digestivenzymes, pH, temperature and characteristics of the
preservative aci(Batista, 1987)In this studythe degree of liquefaction was found to be less

in LA 25 while more in FA 25 with time while it was expected to increasetim. lhactic acid

is a weak organic acid in comparison to formic acid which can be a cause of this difference in
liquefaction. Bemlles, the relative proportion of the layer seffid(consisting suspended
particles) in the silages can also affect the ratisadfible phase. Liquefaction in the®a5
silages (LA 45 and FA 45) was more visible in this work that can be attributable tonamaxi
activity of digestive proteases at temperaturs@& (Arason, 1994)In general, fislviscera
liquifies more rapidly than the other body parts which could be better understood froomthe
protein nitrogen (NPN) adent of the silage samplas the NPN value increases with the rate
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of liquefaction(Jayawardena & Poulter, 198 owever, NPN content was not measured

within the scope of this experiment.
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Figure 13: Free fatty acid content of untreated raw material and silages during ensilation

and storage.
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5.3 Composition of silage

The composition ofish silage isvirtually similar tothat ofthe raw materia(Tatterson &
Windsor, 2001) The moisture, protein, fat and mineral tamt of the raw material(red fish
viscera)ound in ths study are comparable withe composition oivhite fish viscerdArason,
1994) The protein and fat coentwasfound todecreas@nd moisture content increased in LA
25 and FA 25 in storagdhis may be related tbreak down of proteimnd fat into more
functional units and increase the volumeof moisture phase withquefaction. In contrast,
protein cotent was found to increase in LA 45 and FAwbich may be attributabléo
inactivatng the protease enzymmeand thus further break dowras controlledfter day5. The
biochemistry othe hydrolysis processeedsletal studyto understand thehemical chnges
thoroughly Moreover, in tis work, the samplesonsistechigher level of fat than expected
which may be because the silageere notonstantly stirred to get a homogensample.

5.4 Protein in solubleform and stability of amino acid

It has beemstimated thatip to 70% of the nitrogelmound in polypeptideim any type of silage
becomes soluble withid weekdepending on the right temperatu#&rason, 1994) This
increasewas found particularlyapid in the fird few daysof storageof silage from sprats
(Tatterson, 1982)n this study,it was only possible t&now the ratio of protein in aqueous
phase incrasedin the end produst But most importantly, lactic acid silagendependenof
temperaturavas found to have highg@roportion in comparison to formic acid silagiich
maybe aperformancendicatorof protein hydrolysidor lactic acid.

Amino acids inacid fish silageare reported to be very stab|Batista, 1987) However,
continued autolysiswill degradethe essential amino aadlike tryptophanand produce
ammonia(Arason, 1994)Tryptophan was found to be availalieboth lacticand formic acid
silages store@t room temperatur@5°C) for 5 weeks but the effect of higher temperature
could not beassessgwithin the scope of thiexperimentin this study total volatilenitrogen

(TVN) was not measured which increases witheN\HnN fish silage resulting fromegjradation

of amino acids mainly glutamine and asparagine and gives important insights on nutritional
value (Arason, 1994)Howeve, the concentration of all amino acids in lactic acid silage are
comparablewith that ofthe formic acid silage meaning tHattic acid is at least as good as
formic acidin silage production.

5.5 Formation of free fatty acid and influence of temperature

In this study, herapid increas infree fatty acidfor first 5 days of storagir the untreated
raw material and silagesonforms tothe previous workseported by Batista and Arason
(Batista, 1987; Arason, 1994)he silages 0f5°C (LA 45 and FA45) were found to contain
more FFA than the silages of ®5(LA25 and FA 25) which was expectad hydrolysis of fat
is temperature depende(Arason, 1994) Moreover, this higher amount of FFA could be
attributable to théime ofheating process during pasteurizataa8FC which was retained in
the end productsThe temperature logger showttdht it took 40 mins to cool down to room
temperature which can havafiect the formation of FFAL was observed in this experiment
that the rate of FFA formation was more in lactic acid silage (LA 45) than in formicikagd s
(FA 45) of 4%C. This may indicate that lactic acid is more active in breakdown of fat to
produce FFA.
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However,unsaturatedree fatty acids have the risk of oaiibnproducinghydroperoxides and
secondaryeactionproductsand ultimatelyaffect e nutritionalvalue

6 CONCLUSION

The productiorof fish silageusingformic acid has beermpracticed for decadeand although
the basianethodremained samamprovemerd can be done in these ofotherorganicacids
andnutritionalquality assessmedtring ensilation and storage.

Results obtained ithis study indicated thdactic acid anbeused as effectively dsrmic acid
in producing silage from fish viscerghe stability of pHoelow 4.5without putrefactiongives
indication ofgoodstorag stability. Moreover,increase iramino acid compositiomcluding
tryptophanreflects that lactic acid silagéy no meanss inferior to formic acidsilage The
concentration of protein in solubphaseand the ratio ofinsaturatedree fattyacid inlactic
acid silage is comparable tloat ofthe formic acidsilage

Although pH gives indication if the silage is deteriorating or not; other quality parameters such
as hydroperoxides (PV), thiobarbutaric acid reactive substances (TBARS), total volatile
nitrogen (TVN) and trimethylamine (TMA) values of the siladjging storage need to be
considered.

Handling offish wasteis a big challenge fathe fish industry of Bangladesmdiscriminate
disposal of this wastmaterialgs not only causing seveeavironmental pollution but aldoss
of valuable nutrientdrirst of all, we need to develop proper technoltyyreserve the raw
materials immediately after processiighe technologyf silage productions simple, bw-
cost andapplicable in our country cdext This preservatiorprocessservestwo purposes:
prevent environmental degradation agnsure the quality in rawaste products first place

Findings from this study can provide someefulguidelines on usingactic acid to produce
silageefficiently. Lactic acid is likely to be a better alternatieformic acidsince it is cheap
in price not corrosiveandwill be easy to usen smallscale productionOnce, the quality in
raw fishmaterials is maintained it can be taken forward to funthlere addition to be used in
aguaculture, nutritionand other prospective uses.

7  RECOMMENDATIONS

Furtherresearch isequired tadetermine theutritional qualityof fish silageby lactic acid and
formic acid by incorporating the analyses @&t oxidaton, trimethylamine,total volatile
nitrogenandnon-protein nitogen contentMoreover,in nextresearctidesign samplingshould
be carried oubn every single dayarticularlyduring first few days of ensi@n since the
chemical changesre more rapidluring this time.

In order to ensurbomogenousample, the silage should be maintainea¢onstant stirred
condition Besidessampling techniquahould be improved so thabmponents from each
layer is collected in representative propion. This is vey importantpreciselyfor silage
prepared from fatty raw materials like fish visceravhich dry matter content is lower than
the oilphase.
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Silage from fish viscera iguite susceptible to rancidity storaye, therefog, addition of antt
oxidantshoud betaken into accounturther analysis is neededadssesshe effectiveness of
heat treatment of the digtive enzymesm silage.

Sincethe knowledge on thédiochemistry of the silage processnot fully studied,detll
research isequiredto standardize thautritional compositionin the final producto be used
as feed resource

Finally, it can be said thab meet thananagementhallenge of fish wasteiBangladeskand
to convert it into revenugenerating resourgcproper preservatiotechnology ighe first step.
Therefore, government has to take initiatigesupport the research in this field diadilitate
collaborationwith the industryas well.

UNU- Fisheries Training Programme 34



Akhtar

ACKNOWLEDGEMENTS

At first, | would like to express my deepest gratitudedllah the Almighty who has enabled
me to complete and submit this work successfully.

My heartfeltgratitude ® my supervisordir. Sigurjon ArasorandMr. Marvin Ingi Einarsson
for their technical ash professional guidance, comments and words ofieagement during
this project.

| would like to expres my appreciatiorand sincerethanks to allthe scientists andtaff at
Matis-Icelandic Food and Biotech R&particularly Ms. Hildur Inga Sveinsdottirand Ms.
SvanhildurHauksdottirfor theirtirelesssupportard valuable time.

My esteemed gratitude all the staff of théJnited Nations University Dr. Tumi Tomasson
(Director), Mr. ThorH. Asgeirsson (Deputy directorMs. Mary France®avidson Senior
project manager), Mr. Stefadlfarsson (Project manageagnd Ms. Julie Inghan{Office
administrator) for their constant support, positive criticism and guiddmoagh this project
work. My sincere thanks go to the board of UNRIP for offering me the fellowshipl. truly
acknowledgedhe careand cooperation leceived from all the fellows of UNBTP 2017/18
specifically my house mates M&stri SuryandriandMs. Suama Niinkotwho helpedo create
ahomehere inlcelandaway fromhome.

| would like to express my indebtedness to the honourable Vice Chandelhar dniversity
of Chittagong Mr. Iftekhar Uddin Chowdhury for granting me six months study leave to
participate in this training program.

Specialthanks extended to Mr. Syed Raudul Hug ChairmanBangladesh Shrimp and Fish
Foundatiorfor his constanencouragemerand facilitaton for this fellowship.

My appreciation andincerethanks extendetb the management of HB Granparticularly
Mr. Halldor P. Asbjrmssonand other stff for their kind assisancein collection of raw
materials for my reseanqroject

Finally, 1 would like to thank myeloved daughtesameerfor her sacrifice understanding
andendurance of my long absence at halagngthis studyprogram

UNU- Fisheries Training Programme 35



Akhtar

LIST OF REFERENCES

Ali, M. Z., Gheyasuddin, M. Z., & Hossa M. A. (1995). Preparation of fish silage from trash
fishes and fish offal8angladesh J. Zool, 2B), 9598.

Ali, M. Z., Gheyasuddin, M. Z., Hossain, M. A., & Islam, M. N. (199Byaluation of fish
silage prepared from undrutilized marine fishesraggn sources in the diet of major
carp (Cirrhinus mrigala)l. Aqua. Trop., 9247-254.

Anon. (n.d.). Retrieved February 06, 2018, from https://www.worldfishcenter.org/ceuntry
page#bangladesh

Anon. (2014). Fishery and Aquaculture Country Profiles: Threopke's Republic of
Bangladesh: Food and Agriculture Organization of the United Nations. Retrieved
February 09, 2018, from http://www.fao.org/fishery/facp/BGD/en#CountrySector
Overvien

AOAC. (1998). Official method Ce 1#89. In D. Firestone (Ed), Officiamethods and
recommended practices of the American oil chemistsso€i#gmpaign, lllionois:
American Oil Chemistssociety.

AOAC. (2000) . Mar y | an d analydis ¢ AOAG finfematiendl, 17the t h o d
edn.

AOAC. (2001).0Officail method Ce 996.06. F#&Total, Saturated and Unsaturated) in Food,
Hydrolytic Extraction Gas Chromatographic Methd&hampaign, lllinois: American
Oil chemistssociety.

Arason. (1994). (A. M. Mrtin, Ed.) Fisheries Processing Biotechnological Applications;
Springer.

Arason. (194).

Arason, S., Thoroddsson, G., & Valdimarsson, G. (1990). In S. Keller @ad9eedings of
the international conference on fish-pyoducts(pp. 7985). Alaska: Univesity of
Alaska Fairbanks.

Archer, M. (2001)Fish Waste Production in the United ijishom The Quantities Produced
and Opportunities for Better Utilisatio®ea Fish Industry Authority .

Arruda, L. F., Borghesi, R., & Oetterer, M. (2007). Use of fish wastasilage: A review.
Brazilian archives of biology and technology(%5)) 879886.

Backhoff, H. P. (1976). Some chemical changes in fish silageood Technol., 1135363.

Barriuso, B., Astiasaran, I., & Ansorena, D. (2013). A review of analyticalodstimeasuring
lipid oxidation status in foods: a challenging taskr Food Res Tecloh 1-15.

Batista, I. (1987)Fish Silage: Preparation and Usdssbon: FAO; Mediterranean Regional
Aquaculture Project.

Beerli, E. L., Beerli, K., & Logato, P. (. (20045ilagem acida de residuos de truta
(Oncorhyncus mykiss) com a utilizacdo de acidaiético. Ciéncia Agrotecnolégica
28,195198., 28 195198.

Bernardez, M., Pastoriza, L., Sampedro, G., Herrera, J., & Cabo, M. (2005). Modified method
for the analysis fofree fatty acids in fishJournal of Agriculture and Food Chemistry
19031906.

Bhuiyan, A. K., Hog, M. E., Begum, N. N., Begum, M., & Zaher, M. (1988). Production of
fish silage in BangladesBangladesh J. Fish, 11), 9597.

Bligh, E., & Dyer, W. (199). A rapid method of total extraction and purificati@anadian
journal of biochenstry and physiology911917.

Chowdhury, S. (2014Maritime Province of Bangladesh (maghittagong: University of
Chittagong.

UNU- Fisheries Training Programme 36



Akhtar

Edin, H. (1940). Unders & kingar angaariahporta vsteningers & ggviteproblemNord.
Jordbr. Forsk., 2p42).

Fagbenro, O. H1994).Fagbenro, O.E. 1994nstitute of Aquaculture, University of Stirling,
Stirling, Scotland.

FAO. (2003, January 23\nimal feed resources information syst&matrieved from FAO web
site: http://www.fao.org.

Felix, N., & Brindo, R. A. (2008). Fernméed feed ingrdients as meal replacer in aguafeed
production Aquaculture Asia, 12), 3334.

Fisheries, I. R. (2017, NovembeReland responsible fisherieRetieved from responsible
fisheries: http://www.responsiblefisheries.is/files/goldedfish

FRSS. (2017).Yearbook of Fisheries Statistics of Bangladd3haka: Fisheries Resources
Survey System, Department of Fisheries, Bangladesh.

Gotoh, N., Miyake, S., Tkei, H., Sasaki, K., & Okuda, S. (2018jmple method for measuring
the peroxide value in eolored lipid. .525530: Food Anal Methods.

Hardy, R. W., Shearer, K. D., & Spinelli, J. (1984yuaculture, 383544.

ISO. (1993). Determination of moisture ah other volatile matter contentGeneva,
Switzerland: The international Organization forr@gtardization.

ISO. (2002) Animal feeding stuffs: Determination of crude alfe International Organization
for Standardization.

ISO. (2005).Determination of nitrogen content and calculation of crude protein content.
International Organization of Standaration.

Jackson, A. J., Derr, A. K., & Cowey, C. B. (1984). Fish silaga dgetary ingredient for
Salmon. 1. Nutritional and storage characterisficgiaculture, 38211-220.

Jangaard, P. M. (1991). 2853. Nova Scotia, Canada.

Jayawardena, K. M., & Pdter, R. G. (1980). Studies on the preparation of fish silage Il. Rate
of liquefaction in different parts of Silver Bell$0, 25-31.

Jonsson , A., & Vidarsson , J. R. (2018y-products from whitefish processinilatis,
Icelandic Food & Biotech R&D.

Kompiang, I. P. (1981). Fish silage: its prospect and future in Indoed@esia Agricultura
Research and Development Journal932.

Lowry, R., & Tinsley, I. (1976). Rapid colorimetric determination of free fatty adil®CS
470472.

M, M., Vassiliou,V., & Charalambides, M. (n.d.).

Mendes R, C. C. (2009). Measurementof mdlona | dehyde i n ysh: a comp
HPLC methods and the traditional spectrophotometric tesbd Chem 10381045.

Moretaza, T. (2016, May 15). A source of foreigarrency: Fish rocessing wast&€he
Independent

Pedersen, O. (198Mlorsk Fskeoppdrett, 12, 12, 3), 745, 501.

Raa, J., & Gildberg, A. (1976). Food Technol., 161928.

Raa, J., & Gildberg, A. (1982CRC Crit Rev.Food Sci.Nutr., 1883419.

Reee, P. (1981)J. Sci. Food Agric., 35318.

Rustad, T. (2003). Utilisationf marine byproducts.Electronic journal of environmenal,
agricultural and food chemistry,(2), 458463. Retrieved February 06, 2018, from
https://www.researchgate.net/publicati228773956

Seljeskog, E., Hervig, T., & Mansoor, M. (2006). A novel HPLGhud for the measurement
of thiobarbituric acid reactive substances (TBARS). A comparison with a commercially
available kit.Clin Biochem 947954.

Tacon, A. G., & Metian, M. (208). Global overview on the use of fish meal and fish oil in
industrially conpounded aquafeeds: Trends and future prosp&gtsaculture, 288L-

4), 146158.

UNU- Fisheries Training Programme 37



Akhtar

Tatterson, I. N. (1976)Torry research station symposium on fish silagyperdeen: Torry
researclstation.

Tatterson, I. N. (19825ci. Technqgl1539.

Tatterson, I. N., &Windsor, M. L. (2001). FAO. Retrieved February 16, 2018, from
http://www.fao.org/wairdocs/tan/x5937E/x5937e01.htm#The composition of fish
silage

Vassos, V., Marios, M., & MichalisM. (2015). Aquaculture Feed Management System
Powered by Renewable Energyousces: Investment JustificatiorAquaculture
Economics & Management, (@, 423443. Retrieved February 06, 2018, from
http://dx.doi.org/10.1080/13657305.2015.1082115

von HofstenB., & Wirahadikusumah, S. (1972).

Windsor, M. (1981). Introduction toshery byproducts. Fernham, UK: Fishing News Ltd.

Winter, K. A., & Feltham, L. A. (1983). Fish silage : the protein solutérAgriculture and
Agri-Food Canadai Agriculture et Agoalimentaire Canada. Retrieved from
https://archive.org/details/fishsilgg®tei19836wint

UNU- Fisheries Training Programme 38
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Appendix1. Experimental Design
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Appendix2. Collection of raw material from procesg factory HB Grandi.

Atlantic Red Fish$ebastes
marinug

Baadergutting maching153) in Baader gutting machinéopen) Collection of raw materialgdm
operation Baader machine

Collection of raw materialén Raw materials put intplastic Raw materials collected in plastic
plastic basket container(1) containern(2)
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Red fish deguttedhanually(1) Red fish degutted manual{) Red fish ready for degutting

Visceral compsitias Fish liver putting into collection Red fish viscera being collected
container

Appendix3. Mincing and preparing raw material for ensilage

Electric mincer (VCB62, Hellde) Inside view ofelectric mincer  Minced raw material
used for mincing raw material (VCB-62, Hellde)

Silage container on weigh machine Minced rawmaterial taken for Minced raw material weighed into
weighing silage container
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