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ABSTRACT

In carnivorous fish farming industry, there are progressive increase demands for
the finite resource of fish meal. A potentalternative to fish meal is to use

legume meals which are free of enzyme inhibitors. In selected underutilised
legumes the mostféective processing method for eliminatitypsin (TIA),
chymotrypsin (CIA) aral-amylase (AlA) inhibitoysvithout affecting the crude
protein content, was investigated. These methods inclusleaking (S), wet

heating (W), autoclaving (A) and dry freeg{ib) No single method was effective

at removing all the inhibitors. In all legumes tested, the combined processing
methods which involved A were most effective in reducing CIA andpA006),

but not TIA. However, in adzuki bean both TIA and CIA welteced by the D+A
combined method§<0.05), whereas AlA of soybean and adzuki bean was
decreased by combined methods of S8A.7% and 99.3 % reduction
respectivelyp<0.05 or A+D (99.1 % and 72.6 % reduction respectiypai,05).

All the processing mabds retained6.5¢ 90.5 % of crude proteirReplacement

of 10 % (w/w) of fish meal with D+A treated legume me#her bambara
groundnutor adzuki bean) for 28 days showed no significant difference in growth
performance or inflammatory effects iDaniorerio or Lates calcariferCompared

to Lates calcarifegiven feed containing unprocessed adzuki bean meal, those on
feed containing processed adzuki bean meal had increased hepatic gene
expressiorof alanine aminotransferas@<€0.01), indicating an enhanced ability to
utilise amino acids. The project identified specific food processing methods which
are effective at removing enzyme inhibitors in legumes, thereby facilitating the

application of legumes as aquafeed ingredientgufaustudies are required to



examine what inclusion level of treated legume meal can promote growth

performance in specific commercial fish species.
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CHAPTER 1

INTRODUCTION

1.1 Problemstatement

Decliningworldwide ocean fisheries stocks, together with the further expansion of
human population that will approach 9.7 billion before 2050, are an incentive for
the further growth of aquaculturd VWF, 2013aCrabet al, 2007; Harg, 1999.
Capture fisheries pragttion has remained stable whilatjuacultue production
continues to expandrom 1995 to the present timeliné~AO, 2016)Asiaisthe

g2NI RQa f I NBSad O2y (ahHacanins fbd ndazly 9992 diiheR
global production of freshwater finfisfFAO 2016 FAO, 2012Silvaand Davy,

2010) This trend is expected to continue for the next decade.

Optimistically, aquaculture is a method to augment dwindling fish catches and
thereby relieve the pressure on ocean fisheliPgutschet al,, 2007; Nayloet al,,
2000) However, farming high value cararous species such as cod, Isass, tuna,
and salmon, has a devastatiaffect on wild fish populationsatge amounts of
wild-caught ordtraske fish were used as aquafeed for carnivorous fish species

(WWF, 2013p

Typically production of kilogram of thesearnivorousspecies, uses up to 5
kilograms of wilecaught fishwhich isprocessednto fish meal and fish oilefore
being usedasfeed (Nayloret al., 2000) The production of thisype of aquafeeds
not sustainable antias been widely criticiselobth for exploitation of the global

fisheries resources and the misuse of high quality marine foadces that could

I 1j dazt



be useddirectlyfor human consumptiotiHill et al., 2013; Kaushigt al.,, 2004)
Therefore to sustain the steady increase in aquaculture production there is
increasing investigation of substitute protein and oil sourfcegeeds(Pratoomyot

et al, 2010)

Legumeare apotential sourcedo replace fish meal as it has relatively high protein
content and favourable amino acid profile that fits trexjuirements ofaquafeed
(Gatlin Illet al,, 2007) However, legume also catain anti-nutritional factors

(ANFs) such as enzyme inhibitagrat affect nutrient digestibility if substantial
amountis consumedCommercial legunesuch as soybean aresed to
supplementin aquafeed foseabreamrainbow trout, European seabagstlantic
cod,tilapia, and carpgTorrecillast al., 2017; Colburmt al, 2012; Collinst al.,

2012; Lin and Luo, 2011; Santigesal., 2008; Uraret al., 2008; Barrowst al,,

2007)

Therefore to reduce overeliance on major crops and to ensure future food
security a sustainability and effective ANE&e plantbased aquafeed needs to be
developed.The research described in shihesis sought to develop a processing
strategy to remove ANFs present in underutilised legumes and investigate the
effect of these processed leguniimsed feeds on the growth of zebrafish and Asian
& S| 0 ISiakag s introduction describes the legesthat could be

potentially used as a feed source and the range ofautiitional factors that occur

in these legumes. It then describes processing methods which could be used to
potentially reduce these factors, and lastly considers the charactergdtite fish
species that could be used as animal models to assess the effectiveness of

processing legumes on the biological availability of nutrients in feeds.



1.2 Aquaculture

Agquaculture refers to the farming of aquatic organism includinfish, molluscs,

crustaceans, and aquatic planitsboth coastal and inland are&as developed into

a highly globalised traddependent industryFAO, 2013aver the past three
decadesaquacultureia G KS ¢2 NX RQa Tl adgioiagata@ NR g Ay 3 F:
average annual rate of abo6t%to enhance thegroduction(FAO, 2016; The World

Bank, 2014t KS LINR RdzOGA 2y y24 | OO2mhatisused 2 NJ pn <
for foodand it is expected to increase up to 70 % of seafood will be-farsed in

2030(FAO, 2018a; The World Bank, 2014)

Theimpressivegrowth rate in aquaculture industry is cause the worldwide

decline of ocean fisheries stocks combined with the increasing demand for fish and
fish productsof a specific type that is preferred by consumers in develop countries
such as salmagmainbow trout,cods and tungGoldenet al., 2016) Today, seafood
harvest from the oceans is unlikely to increase further a%8& the global marine
stocks are either fully exploited or overfishiae (WWF, 2018)Therefore fish

farming provides a solution tdill the gap between declining naturptoduction and
increasemarketdemand for protein sourceandthereby contribute to foodand

nutritional securityaround the globe.

However the rapid expanding of farming industry has come with the following
impactsaffectingwild fish populations, marine habitats, water quality and society
(WWF, 2018)

a) Onethird of the global harvest fish had been made into fiskal and fish

oil as aquafeed



b) Using of excessive antibiotics and pesticidesidhave unintended
consequences for marine organism amamnan health

c) High risk of transferableisease and parasitésetween farmed and wild
speciesvhenmany fish are grown in a confined space

d) The escaped farmed figtouldinterbreed with local wild stocks of the same
populationtherebyaltered the overall geetic diversity pool

e) Excess food and fish waste causing pollution in the water and lead to
oxygendeprived water thaeventuallythreaten the aquatic life

f) Arising of conflict among the users of the shared coastalronment

g) Clearing of Iad for agriculturefeed could affects high conservation value

areas

Out ofthese severmpacts,one of the key challenges that arjse the context of
sustainabledevelopment of aquaculture industry especially in farming carnivorous
fish, isthe misuse of harvested fishat could be used directly for human
consumption this being an area that hasceivedthe mostattention from
researchergHillet al, 2013; Kaushikt al., 2004) The demand for fismeal in
aguaculture sector has grown from virtually nothing to more than half of total
production inthe past20 yeargLemet al,, 2014) The major concernow is that

the wild trashfish inputs are larger than farmed fish outputhis willeventually
increase pressure on wild fisheries to make #uygideedssustainabldor farmed

carnivores.



1.2.1 Nutritional requirements for various type of cultured fish

Nutrition plays an important role in intensive aguaculture industry as it not only
influences the production costs but also the fish he&#atlin |11, 2002)A low-cost
balanced diet is needed for commercial cultured fRrotein, lipid,and

carbohydrate are the major nutrients in fish diet where the body can metabolises
them to produce energy that needs for numerous physiological processes and
physical activitiegGatlin 11, 2010AFCD, 2009)t is noteworthy that nutritional
requirements of fish vary with different species, sizes and feeding h@#sD,

2009)

Basically, fish can be classified into three category based on their natural feeding
habits which is herbivorous, omnivorous, and carnivor@@iaig, 2009)As showed

in Table 11, herbivorous and omnivorous species required lesser protein but higher
carbohydrate than carnivorous species.sTisibecause carnivorous species are very
efficient at using protein and lipid but limited capacity at using carbohydrate as
energy(Gatlin 111, 2010)The natural feeding habits of fisine believed tocorrelate
closelyto their digestive system. Herbivorsdish usually have no true stomach

with long intestine while omnivorous fish have true stomach with intermediate
length of intestingandcarnivorous fish have taue stomach withshort irntestine
(Smith, 198Q)Digestiveract of fish vary from short and simple to complex
multifunctional reflecting the variation in nutrient sourcéisrogdahkt al,, 2005
Buddingtonet al, 1997) Ths physiological characteristic means that fish differ in
their abilityto use the energyielding nutrientsKnowledge of the fish digestive
systemand nutrient requirementan help in aquafeed development and therefore

selecting the most appropriate ingrihts to beincorporated into the feed



Table 11 The recommended nutrients composition for various type of cultured fish
in grower size (1Q 200 g)(AFCD, 2009; Craig, 2009; hall Tibbets, 2009)

Feeding habits Example of cultured fish Recommended nutrients composition
% Protein % Lipid % Carbohydrate
Herbivorous Grass. carp, Silver carp, 18-23 <5 20-50
Bighead carp
Omnivorous Catfish, Tilapia, Common 24-33 5.6 25- 40
carp
Carnivorous Salmonids, Grouper, 38-50 >10 <20

Seabass, Seabream

1.2.2 Aquafeed for carnivorous fish

Traditionally, ishmeal is one of thé&eyingrediens used in recipesf farm-raised

carnivorous fish aquafeedo supply proteirfor optimal fishperformance.Out of 3

major nutrients, proteiristhe most expensive component in aquafe@hosalekt

al., 2010) Of all the protein sources$ish meals the preferred proteirsource of

choice in aquafeeds for several reasonkjchinclude its high protein content,

excellent amino acid profile, high nutrient digestibility, general lack of anti

nutritional factors (ANFsand its wide availabty (Gatlin lllet al., 2007) In

aquaculture industry, about30p n 22 2F GKS OF NYyAG2NBaQ | | dz
fish mealwhich has the consequence of making aquafééd 70 % ofthe total

operationalcost(Barrowset al., 200§ FAO, 200R

The growing demanalong with the limits in wild fish catchave created an
uncertain market for fish meal with prices rising by almost 300 % in the past 10
years which isexpected noto revert to lower price levelgOil, 2014) The world
pricefor fish meal ranged between USD 5)®@00 per tonnebetween theyears of
2000 to 2005FAO, 2018hYverthe last decades, the fish meatice has
drastically increasednd peaked up to USD 1874 per tonne in year 2010 (Figure
1.1). And the price of fish me@lexpected to rise by 90 @ver period of 2010 to

2030(The World Bank, 2014n all regions of the world, the increasing price of fish
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meal will directly affect the marfacture price of aquafeely 20 ¢ 40 % and result
in increasinghe market price of the fish. Thus, the development of eeffective

aquafeeds is relatively important for aquaculture industry expansion.

M Fish meal Soybean B wheat [ comn

Dollar/tonne
=]
a
a

us

Figure 11 Commodity prices of main protein sources used in aquafeed (Adapted
from FAQ, 2018b)

Today, the supply of fish meal from wild harvest of marine stackkassociated
growth of aquaculture industris static(Salinet al., 2018) The reliance on trash

fish to produce fish meal ultimatelyorsensfood security especially in poorer
countries(FAO, 2012)The limitationin fish meakupplyand the onsequential
increased price havied toanincrea® in theinvestigatiors to identifysubstitute
animal proteinfor future aquaculture developmentience because of the limited
availability, fluctuating price, and the growing concerns on the sustaityabilfish
meal,there has been an increasing trend to incorporate plant prqtesgpecially

soybean asa substitue for animal protein inraquafeeds.



1.3 Legume as plant protein source

1.3.1 Comnodity crop¢ Soybean

Soybeansas been grown as a commercial crpichaccount for 69 % of the total
world production and pproximately @ % ofthe production is processed and
crushed into soybean meal and oil for the usage in livestock and aquaculture
industrieswhereasthe remainderis consumed by human directly as folals
become a major part of human dietSalinet al., 2018 Hartmanet al., 2011) Over
the yearsamong the plant protein ingredientsoybean had been used either
wholly or partially to substitute the fish mei@ aquafeeddue to its high protein
(40%) and oil content ®o)not only to circumvent the shortage of fish meal but
also to emance the sustainability of aquaculture indusfBgbichet al., 2014,
Mahmoudet al,, 2014; Rao and Reddy, 2010; Clebal., 2004;Dersjantli, 2002

Refstieet al,, 1998; Dabrowslet al.,, 1989)

Unfortunately, with the anticipated growth in livestock and aquaculture industees
shortage in soybean meal production is being preditce@020(Wilson, 2008)
This is becaussoybean meal is probabtne ofthe mostpromisng plant based
protein used in livestock and aquacultuae feed in the world, despite its high price
(FlorouPaneriet al,, 2014) However, he reliance of soybean in animal feed raises
sustainability issues iretms of botheconomically an@é@nvironmental(Les et al,,

2016)

As indicatedn section 1.2, production cost of aquafeed is one of the key aspect
that will be considered wherubstituing fish meal by soybearHowever for the
past two decadethe world price of soybeahasdriven upmore than70 %. The

world prices for soybean was ranged between USDcIBI0 pertonne duringthe



years 2000 to 2005whereasbetween the yeasof 2006 to 2018he priceranged
from USD 20fb 620 per tonne (Figure 1.1)he factosthat contribute tothe
escalating oboybean pricés not onlythe increasing demand of soybean for feed
and foodbut alsothe fluctuation inproduction shortfalls due to climate change
global warming, scarcity of land and watdiseaseoutbreaks, regional conflicts,
and nstabilities as well aslow global economgrowth rate(Salinet al., 2018;

USDA, 2009)

Environmentally, the main impact from farming soybean comes from clearing
natural habitats therebythreating forests and othenatural ecosystemélimand
Hassan, 2009According tdVWF(2017) in recent decades, millions of hectares of
forest, savannah and grassland have been converted into soyilaatations,

which haghreated the biodiversity, depleted ecosystems services and emitted vast
amounts of carbon dioxid®eforestationhascontributedto climate changgit is
responsible for about 15 % of all the global greenhouse gas emissions caused by
people(WWF, 2017Leeet al,, 2016) The ongoing climate change could aubp

yields by more than 25 % amnehay impact the lodafood security(lizumiand

Ramankutty, 2015)

Akey strategyrequired in order tcadapt to a changing climate to look for
alternative plant protein sourcethat canused inaquafeed Ideally these should be
innovative resourcesuch as underutilised legumes thesenot onlydo not

compet with existing sources used in aquaculture férd also to mitigate the
harmful impacts of aquaculturi@ longterm growth. Besides, inmattempt to

solve problems of food security; an alternative plant based protein is essential to

reduce the competition of soybean that used for human and animal diets since



12808ly 6FayQi G(KS 2yt dusDa 208HofokPateri LI | v i ¢

et al, 2014)

1.3.2 Underutilised legumes

Legumes have been widely recognised as an important source of protein, aswell
containing significant amounts of carbohydrates, lipids, crude fibre, minerals and
vitaminsin developing countrieRehman and Shah, 2005; Alortal., 2000;

Katariaet al., 1989) Apart fromthe commercial omajor legume such as soybean
andgroundnut, there are a variety ofinderutilised legumes such as mung bean,
adzuki bean, chickpea, hyacinth bean, rice bean, winged bean, marama bean, and
bambara groundnuthat have reently gained attention aautritious pulsegEbert,

2014; Katoch, 2013)

Underutilised legumeb N5 O2y aA RSNBR | & a Yikpoan) ONER LJa €
than staple crops and agricultural commodities in termsegfional or global

production and market value. Underutilised legumes have the potential to play a

role in reducing the risk of oveeliance on very limited numbers of major crops

(Mayeset al.,, 2011) Globally, amly 70000ut of 30,000ediblecrops are being

cultivated and less than 150 have been commercialikad.estimatedaround

10,000crops remairunderutilised(Chivengeet al, 2015) Legumes solelgave

about 30 species are cultivateshdonly a few of hemare widely grown across the
continents(Gowdaet al., 2007) Only 9major cropsincludingwheat, rice, maize,

sorghum, millet, potatoes, sweet potatoes, soybeans and sugar (cane or beet)

provided 75 % of the global pladerived energy and estimated thapproximately

dhp 2 2F GKS 62 NI R Siely Rond drophBrist@ayidStadEe 02 Y Sa

2017)
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The primeconcernin cultivation ofmajor cropshave declined and continue

decline globally, even these crops offer greater genetic biodiversity but it is

probably unsustainable in the long run due to global climate ch&@ye/engeet

al., 2015; Ebert, 2014An added pressure igorf R Q& LJ2 kiduthingifrbrg y A &
animatbased protein diet to planbased proteirdiet (Meyer and Reguartlosa,

2017; Kumaet al,, 2010;FAO, 2008 This trenchas created the demand for food
legumes that exceedwe production as only a few legumes are traded in the global

market(Bhat and Karim, 2009; Gowdaal., 2007)

In this regard, underutilised legumbave been highlighted as an altettive to
major commodity crop$o meet the foodlegumesdemandwith several
advantagesUnderutilised legumeare cheap and able to adapd a wide range of
environmentthat contributed to agricultural sustainability with relatively low
input (Paduloset al, 2013; Pololet al., 2008) They areable to withstandadverse
environmental conditions and can thrive under extreme stress condisanh as
droughts floods, cyclone andeat wavegBhatand Karim, 2009)Many of these
species are maintained by poor farming communities under marginal environments
such as high mountains, desert margins and poor g@dsluloset al., 1999) These
attributes make underutilised legumes worthy of investigatibnthe futurethese
crops could be used toelpimprove the current agriculture systems by providing
genetic traitsallow adapation to the environment but alsgtrengthen the
resilience of agroecosystems through crop diversificaiRaduloset al., 2017
Paduloskt al., 1999) Thus, heyhave the potential to contributén food and
nutrition security, especialli§ the removal of enzyme inhibitorsanincreasethe

utilisationof nutrientssuch as protein
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1.3.3 Types of underutilised legumes

In this study, seven underutilised legumes, hamelinmbean Yigna radiatel..),
adzuki beanFhaseolus anguladischickpeaCicer arietinuni..), hyacinth bean
(Lablab purpureuk.), blackeyed peaV¥igna unguiculata..), pigeon peaJajanus
cajanL) and bambara groundnu¥{gnasubterranear.) wereinvestigated as
alternativesto replace major legumes as feed ingrediefitsese underutilised
legumes haveomparableamounts ofprotein (20¢ 37 %)carbohydrate(40¢

60 %) minerals, dietary fibre, \@imins tomajorlegumes.The macronutrient
contentsincluded protein, carbohydrate arfdt of these underutilised legumes had
summarised in Table 1.Zheabove mentionedegumesexcept adzuki beahad
been used alivestockfeedfor many yeargDepartment of Agriculture and
Fisheries (The State of Queensland), 2012; Akeké, 2008; Teguia and Beynen,
2005; Agangat al., 2000) Even soto-date the researcton using these

underutilisedlegumes as potentiaqudeed ingredientis scarce.

a) Mung bean

Mung bean(Vigna radiatel) (Figure 12 A), also knowrgreen beanis one of the
important warm season crops which native to the Neeidistern IndiaBurma
(Myanmar) region of Asi@eatingeet al, 2011; Yaet al,, 2008) It contains 27 %
(w/w) of protein, 60 %(w/w) of carbohydrateand 1¢ 2 % (w/w) of fat with a range
of micronutrients(Butt and Batool, 2010; Mubarak, 2005; Kataria and Chauhan,
1988; Katariaet al, 1988) Aside from its use as bean sproutung bearisalso
processed into noodle@laneepun, 2003; Hoveret al,, 1997) In the Philippines
mung beansboiledand utilised in nativelessertssuch as hopia, butseutse and

halo-halo (Barrogeet al.,, 1985)
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b) Adzuki bean

Adzuki bearfPhaseolus angulai$Figure 12 B)also known as small red bean
smooth and shiny in maroon colour with white hilum and igopular ingredient in
many confections in the OrieffTakahamat al,, 2013; Yoshidat al,, 2010; Sacks
Frank, 1977)it is a rich source of carbohydratgd(c 70 %(w/w)), protein @1 ¢

24 %(w/w)) and a range of micronutrients (such as minerals, vitanffsjsifet
al., 2007; Tjahjadet al., 1988) It canbe cooked and consumed in paste form or
whole bean idoiled and sweetened thas used in desserts, snacks and
confectionery itemgYoudf et al., 2007; Yousit al,, 2003; Yousit al,, 2002) In
China, red bean issed as soup ingredients for therapeutic purposes such as driving
away dropsy, relieving diarrhoea and tonic to the vis¢dtang and Ma, 2001,

Chau and Cheung, 1997)

c) Chickpea

Chickpea Cicer arietinunt..)(Figure 12 C)is being cultivated throughout the world
including Asia, West Asia, North Africa, East Africa, Southern Europe, North and
South America and Australiplooret al., 2003; Singh, 19971 is an ancient legume
believed to have originated in soutrastern Tirkey and the adjoining part of Syria
(Sreeramaet al,, 201Q. Chickpea halseen divided into two groupg Y I O N® 12 4.JS NJ
2NJ alFfAodz I yR G(Voketng 2002 ANHMibuEchicRpdd Gd RS a A ¢
seeds are large in siZgave a thin salmonvhite colour seed coaind isusually
grown intemperate regions of the world. Thelesk chickpea seeds are smaller
with dark colour seed coare grown on semarid land(Tokeret al,, 2012; Roet
al., 2010; Alajaji and #Bldawy, 2006; EAdawy, 2002)Both types of chickpe&s
appearance ibeaked often angular and wrinkled on the seed surfg¢&ngh,

1997)
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Chickpea contains high levels of canpdrate (47 %w/w)) and protein (22 %
(wiw)) (Alajaji and EAdawy, D06; ElAdawy, 2002)Chickpea and its flw
(garbanzo flour or besan) ised extensively in food processing due to its ideal
polysaccharides composition and high content of 8ikeramaet al., 2012) In
South and Southeast Asian cuisines, chickpeaservel as a staple ingredient.
Chickpea flour is the main ingredient in many Indian sweets, dessertssavary
products. Frenlg and Italian cuisines also uiséo make variety of desserts,

noodles, snacks and main disi{@dajaji and EAdawy, 2006)

d) Hyacinth bean

Hyacinth beanl(ablab purpureuk) (Figure 12 D) previously classified d3olichos
lablabis one of the lesser known tropical and subtropical legufivagrphy and
Colucci, 1999Akpapunam, 19961t is an ancient crop widely distributed in the
tropics paticularly in India and Southeast Asia, Egypt and S({dam 2012; Maass,
2006) Hyacinth bean has many local names such as lablab, bonavist, Chinese
flowering, Egyptian, Pharao, shink, val, wild field and Indian Bg&DA, 2012 he
hyacinth bean exists itwo very distinctive formspne with deeply pigmented
flowers, stems and foliage is a popular ornamental wivieereas thecommon
pulseform haswhite flowers and unpigmented stems and folig@dpapunam,
1996) The green seed of hyacinth bean will either turn into dark brown, black or

pale tan or white, often speckleLim, 2012)

Hyacinth bean considered as nroilseed legumes as it contained onlg 2 %
(w/w) of fat with 20¢ 28 %(w/w) of protein, 53 %§w/w) of carbohydrate and large
amount of various vitamins and minerglsm, 2012)After soaking in water

overnight the dry hyacinth beans aceoked together with rice for arptein
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supply. It also used as raw material for tempeh, an Indonesian traditional
fermented food that commonly made from soybedi$ibagio, 2006}t is eaten as
a vegetabldén Southeast Asjavhereas in India it is predominantly used as a pulse

often as dha(Lim, 2012)

e) Blackeyed pea

Blackeyed pea Vigna unguiculatd.) (Figure 12 E)also known agsowpeais an
underutilised legume in United States that has been consumed extensively in
Africa and to lesser extent in As{(&reeramaet al., 2012; Halléret al., 2004) It has

a creamy skin h black dot and is medium oval in shajégeil and Anderson,

1994) It is underutilised partlypecausechanges with storage means it has to have
aprolonged cooking time and the presence of ANFBrinyawiwatkuket al., 1997;

Prinyawiwatkul, 1996)

Blackeyed pea is high in protein (X835 % (w/w)) and consistef 50¢ 60 %(w/w)
of carbohydrate content and low in fat contefit ¢ 2 %(w/w)) that contain no
cholesterol make it a potentially important nutritional compongBiutt and Batool,
2010; Halléret al., 2004; Ragabt al., 2004) They are often consumed aloime
fried name akarar as steamed bean cakes name moioin in Ngeria(Carvalhaet

al., 2017; Onimawet al., 2007; Giami, 1993; Kochhetral., 1988)

f)  Pigeon pea

Pigeon peaGajanus cajah.) (Figure 12 F)is one of the oldest food crops grown
and consumed in the tropics and searid tropicsbut isunderutilised(Maninderet
al., 2007) Itis also knowras red gram, yellow dhal, Angola pea and Congo pea

(Kaushaet al,, 2012; Saxenat al, 2002) India alone contributes over 9@ of the
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world pigeon pea production and it is becoming popular in several countries of
Africa, Southeast Asia, Carribbean and Latin AméFioaeset al., 2007; Agunbiade
and Longe, 1999Pigeon pa is rich in protein (22 $/w)), carbohydrate (60 %
(w/w)) (Tiwariet al, 2011; Saxenat al, 2002) It possesses low concentration of
fat (1 ¢ 2 %(w/w)), moderateamount of fibre, starch and a reasonably balanced
range of all dietary essential minergl&wariet al, 2011; Torregt al., 2007) In
Ethiopia, not only pods but also young shoots and leaves are cooked and eaten.
Whereas in India, dehled split pigeon pea is conswh after boiling to makehal

(Liuet al, 201Q Hooveret al., 1993.

g) Bambara groundnut

Bambara groundnufVignasubterranearl) (Figure 12 G)is anindigenous African
crop that produced 330,000 tonnes annually even under conditions of drought and
low sail fertility(FAO, 2015; Linnemant991) Similar to groundnut, the pods and
seeds are formed on or just below the soil surf@amshaiyet al,, 2011;
Swanevelder, 1998 heir seeds are variogsloursfrom white to cream, red, black
or brown and sometime mottled dependingndhe ripenesgUmar and Turaki,
2014) Bambara groundnut is a rich source of carbohydratec(89 %(w/w)),

protein (16¢ 25 %(w/w)), fat (4.5¢ 7.4 %(w/w)) which is comparable to soybean
(Murevanhema and Jideani, 201@kandawire, 200¥ People consumed bambara
groundnut in numerousdrms including fresh when it is sempen as snacks and
the mature seeds are cooked or grounded into fl@umar and Turaki, 2014,

Mkandawire, 200Y.
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Figure 12 Varioustype of underutilised legume#\: Mung bean, B: Adzuki bean, C:
a Y| f kickpea, D/Hyacinth bean, E: Blagled pea, F: Pigeon pea, G: Bambara
groundnut
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1.4 Anti-nutritional factors present in legumes
Although legumes are rich in nutrients, they also @mia range oénti-nutritional
factors (ANFS3uch as enzyme inhibitors, phytic acid, saponins, lectins, tannins and
cyanogensANFs are defined as substances generated through metabolism that
adversely affect the nutritional value in living systems tgrfiering with food
utilisation (Novak and Haslberger, 2000; Kumar, 19&8nerally ANFs could be
divided into four group¢Bora, 2014; Onder and Kahraman, 2009; Fraeics,
2001)
a) Factors affecting protein utilisation and digestion such as protease
inhibitors, tannins, lectins
b) Factors affecting mineral utilisation such as phytic acid, gossypol pigments,
oxalates glucosinolates
c) Antivitamins such as dihydroxyphenyl alanine (DOPA)
d) Miscellaneous substances such as mycotoxins, mimosine, cyanogens,

nitrate, alkaloids, photosensitizing agents, phytoestrogens, saponins

ANFs in planbased aquafeed ingredients remain@ncern as less is known about
the exact response of fish to these compoulidgajraet al., 2013) Studies by
Krogdahlet al.(2010)andFranciset al. (2001)showed that thepresence of ANFs
can limit the proein utilisation in fish thereby affecting their growth rate as protein

is not only essential for fish to grow but also for energy and life support.
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1.4.1 Protease inhibitors

Protease inhibitors such as trypsin inhibitors and chymotrypsin inhibitors which
have the serine group are found in abundance in raw leguiidesgdahkt al,,

2010; Shahidi, 1997; Thompson, 1993; Van Der Poel, 1D883%e protease
inhibitors are proteins that form stoichiometric proteas#hibitor complexes with
their respective enzymes and inhibit their activity in gastrointestiract. They will
bind to the digestive enzyme either through the action of competitive or allosteric

to render the enzyme inactivatiofGlencross, 2015)

Traditionally, trypsin inhibitorsra categorised into two groups Kunitz (KTI) and
BowmanBirk (BBI). KTl is a single headed inhibitor that binds to one enzyme
molecule per inhibitor. The inhibitory site of KTI mainly inhibits trypsin with little
inhibition on chymotrypsin. They are gendyahbsent fronPhaseolus, Pisuand

Vignaspecies but they are found in soybeans and winged b@daashpande2005)

The BBI can simultaneously inhibit both trypsin and chymotrypsin as it contains two
independent inhibitory binding sitg€henet al,, 2014; Sessa and Wolf, 2004k

shown in Figurd.3, the BBI inhibitors are a stabilise polypepetide which makes it
relatively stable to proteolytic breakdown, acid denaturation as well as heat, which
has a significant impact on the protein digestion in the intes(i@gdahkt al,,

2010) Unlike trypsin inhibitors, chymotrypsin inhibitors have not beefi we

categorised.
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Figure 13 BowmanBirk inhibitor structure from soybean. The amino acids
interacting with trypsin (selys) and chymotrypsin (leser) are marked in grey and
seven cysteine bridges are shown in blés#aptedwith permission fronKrogdahl
et al, 201Q license number: 4203270327989

The presence of chymotryipsinhibitors in animal diets will cause indigestion and
abdominal pain, whilst pancreatic enlargement and growth depression are caused
by the presence of trypsin inhibito(Eumaret al., 2013) The pancreatic
enlagement fiypertrophy and hyperplasjas because trypsin inhibitors suppress
the negative feedback regulation of pancreatic secretions through an increased
release of hormone cholecystokinin from intestinal mucosa. The hyperetion of
pancreatic digesti¥ enzyme leads to a loss of sulphur rich endogenous proteins
(methionine and cysteine). As legume seed proteins are generally deficient in
sulphur amino acids, the combination of the ANF effect and the quality of the
protein in the legumes can then lead depressed growth and contribute to the
loss in body weighteziernyet al,, 2010; Guillamowet al., 2008; Shahidi, 1997;
Thompson1993) The effect of these inhibitors on pancreatic enlargement has
been observed in pgy chicks and rats when fed with legun{édsziery et al,, 2010;
Clarke and Wiseman, 2005; Tavano and Inacio, 2005)expected the same

phenomenon will be present in humans and fish and which could potentially lead to

the onset of pancreatitis and pancreatic cancer in high legumes consumptien. Th
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elevation of cholecystokinin produces a chronic trophic stimulus to pancreas that

leads to the formation of pancreatic nodules and adenoiféastcock, 1991)

1.4.2 "-Amylaseinhibitor

Similar to trypsin and chymotrypsin inhibitofsamylase inhibitors are widely

distributed in legume$¢Pusztaet al, 2004} -amylase inhibitors from legumeio

y2i AYKAOAUG LI I yainyasetadiyitdbutdo 2ffekt isofordsifQuNdk | £ h
in mammals and some insedféamadaet al, 2001) In total, there are seven types

2F LINPGOSRYBRBOB&B82AYKAOAUGZ2NAE T2 dzfdryldsy y I G dzN
inhibitor namely legume lectih A 1 S 6 J\Id)B WideNMistributed in legumes

and has the antamylase activity in humar{€uthbert Obircet al., 2008; Svensson

et al,, 2004¥ -AM will bind to the hman and porcine pancreatic amylases through

the action of mixed nortompetitive inhibition mechanisrSantimonest al., 2004;

Le BerreAntonet al,, 1997)

¢ KS AYKADOGA (-and/l¢se ha®liedn@dtagarise@ & ANF for human and
fABSaG201 ¢ / 2YLIWEEL & 8NNV Kan@dfds Baliseh 6 A (G K b
NEBERdzOGA2Y Ay &aidl NOK RA3ISaagygosidichondsy KA 6 A G A
of starch(Singhet al, 2010)p ¢ K SNB T2 NB LINGyI&sy iohditoriF S 3 dzY'
human diet can cause impaired carbohydrate digestion and coeliac disease, leading

to weight losgKumaret al,, 2013; Rekha and Padmaja, 2002)
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Table 12 Summary of macronutriestandenzyme inhibitory activityn selected legumes

Legumes % Protein % Carbohydrate  %Lipid Trypsin _in_hibitory . C_hymotryp;in . .h —_amyIaS(_e .
(Wiw) (Wiw) (Wiw) actlv!ty inhibitory gct|V|ty inhibitory _act|V|ty References
(TIA unit/mg) (CIA unit/mg) (AIA unit/mg)
Mung bean Butt and Batool, 2010; Mubarak, 2005
27 60 1¢2 15.80 na na Kataria and Chauhan, 1988; Kataia
al., 1988
Adzuki bean 21¢c24 60¢ 70 na na na na Yousifet al,, 2007; Tjahjadét al,, 1988
Chickpea Shiet al, 2017;Alajaji and EAdawy,
22 47 na 10.43 5.70¢9.40 nd¢ 3.38 2006; ElAdawy, 2002Friaset al., 2000;
Singh, 1988Skekibet al., 1988
Hyacinth bean 20¢ 28 53 1¢2 28.96 na na Lim, 2012 Osman, 2007
Blackeyed Butt and Batool, 2010; Hallést al.,
pea 18¢ 35 50¢ 60 1¢2 13.02 na 2.21 2004; Ragakt al, 2004 Egounlety and
Aworh, 2003 Skekibet al.,, 1988
Pigeon pea Tiwariet al,, 2011; Torreet al, 2007;
22 60 1¢2 15.400 2.10¢ 3.60 na Oloyo, 2004Saxenet al,, 2002 Singh,
1988
Bambara Murevanhema and Jideani, 2013;
groundnut 16¢25 49663 480¢7.40 49.10¢ 60.00 na na Mkandawire, 2007 Tibeet al., 2007
Soybean Yadawet al,, 2018 Shiet al,, 2017 Karr
40 35 20 0.048 na 0.94 Lilienthalet al, 2005 Miyagiet al, 1997
Notes:

nd represenéd not detectable
na represengd not applicable éither not reported in published journar reportedin different unit)
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1.5 Effect ofANFson fish

In fish, the nutrient absorption is known to take place in pylodeca and anterior
intestineg and to a lesser extend in posterior intestifférezliménezt al., 2009)

The pyloric caeca finger-like organ that located near the junction of stomach and
anterior intestinethat responsible for the pancreatic enzymes secretion in response
to the presence of nutrients in intestine lumé@ulfand Science, 201Férez

Jiménezt al,, 2009;Einarssoret al,, 1997; Liddle, 1997; Singer, 1993)

With the presence of ANFs filant-based mealthese antinutrients might affect
the nutrient absorption in fish and cause detrimental effects to the fish health. The
presence of ANFs in aquafeed might alter the nutrient balancésedafiets, reduce
the palatabilityand bioavailability of nutrients foabsorption by fish. When ANFs
are in excess, it could caushibition of growth, intestinal dysfunction, altered gut
microflora,modulation ofimmuneresponsesgoitrogenesis, pancreatic
hypertrophy, hypoglycaemia and liver damdgdish(Krogdahkt al., 2010) It had
been reported that he high value marineulturedfinfish including flounders,
turbot, seabassrainbow trout,salmonidsand seabream are particularly sensitive
to the nutrient quality of the ANFs present in pldmsed mea{Gouveia and
Davies, 2000)The ANFs in plafiased meal lead to histological alteration in
salmonids and seabream intestines along with impair intestinal absorption

(Santigosat al., 2008; Baeverfjord ahKrogdahl, 1996)

The presence of protease inhibitors could redtioe proteolytic enzymes activity
that are secreted into the intestine lumeand result in reduction of protein
digestibilitythat ultimately lead to poor fish performance and growarconet

al., 2001; Moyano Lopet al., 1999) In addition, he binding of protease inhibitors

23



to the proteases will suppress the signal that responsible to stop the pancreatic
enzymessecretionand stimulatethe pyloric caecar pancreas to secrete larger
amounts of digestive enzymes to overcome the inhilstamd digest the feed

protein (Savoieet al, 2011 Alarconet al., 2001) The elevatiorof pancreatic

enzymes could lead to pancreatic enlargement and this had been observed in pigs,
chicks and rats when fed witagumeg(Jeziernyet al,, 2010; Clarke and Wiseman,

2005; Tavano and Inacio, 2005)

Unlike mammals, the mechanism of inhibition of protease inhibitors has been
extensivelystudied whilst the mechanisms of response in fish to protease inhibitors

is limited in term of pancreatic enlargement. This is because the pancreas of

OF NYA@2NBaQ Frak O2yairada 2F aoOl GGSNBR
tissue between the pykic caeca thus the pancreas sizmiltl be hardly determined

(Olliet al, 1994)

Krogdahlet al. (2010)andFranciset al. (2001)reported than thepresence of

protease inhibitors at more than 5 mg/g in aquafeed may reduce the protein
digestibility and utilisation in most of the cultured fish since the protdabkéitors
decrease the proteolytic activity in the chyme of the rmtestine.However,

evidence has also shown low levels of trypsin inhibitor activity (less than 3 mg/g)
and oligosaccharide content (up to 16 %) in soybean meal had no apparent adverse
effect on protein digestibility and growth performance in rainbow trout and

European seabag3ibaldiet al., 2006; Kaushikt al.,, 1995)
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1.6 Effectof processingmethods on ANFsand protein content

Recent years, the growing interestthre usage of legume protein for incorporation
into food and feed applications has spurred research into how the processing
methods affect the nutrientparticularly protein andANFscontent. Published
findings suggested thahe application of some adequaiand economic
technologies that aimed to reduce or eliminate the AlgFessent in legumesould
improve thelegume nutritional valuéCowieson, 2005; Mubarak, 2005; Vidal
Valverdeet al,, 1998) The ANFfevel ofreductiondiffers with the variety of

legume thetype of ANFs present the legume as well as the processing methods

appliedto the legume

Several legume processing methods, suctiesilling, soaking, heat treatment,
germination, fermentation, and enzymatic processivith different operation
parametersare commonly appliedttempt to increase the legume utilisatio

Among the macronutrientprotein is the major component of legumekge

increasing level of protein and reducing of AKEd been noticed after the
processedTable 1.3)The maximum protein increment was observed in dedull
chickpea (18.8 %) followed by fermented mucuna bean and locust bean (17.8 % and
17.7 % respectively) and roasted kidney pea (17.LC#jtion needs to be exercised
when resorting tgorocessing methods to avoid any unintended adverse effects on

the nutritional quality of the legumes.

Other than processing methods, there deetors affecting the levels of nutrient
and ANFs in raw legumeBheyare much dependent upon genotype, the
environment incluéhg soil pH, weather anctlimate, the growth location and year

and may vary within legumes of the same speaesd maturity fertilizer
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applications, culturananagemenpractices as well gsostharvest handling and
storage(Shiet al,, 2007 Hornick, 1992)In addition,the enhancement of nutrients
with the removal of ANFs can be done through breeding and biotechnological
method such as genetic modifitionsthat have been achieved through the
insertion of genes encoding entire metabolic pathways or through targeted
alternations in existing pathway&hokharand Apenten, 2011; Ko&ndKuiper,

2003)

1.6.1 Dehulling

Dehuling is one of thevidely usedmechanical processing that applies to legumes.
Oftenthe seed coat (hull) of legumes are indigestible amalyhave abitter taste
often caused byhat contributed by tanningPalet al., 2017) Dehulling has been
reported to increase th@alatability and taste of various legum@¥anget al,,
2009;Van Der Poedt al, 199]. Out of various types ANRanninis one of the
ANFs thatan beeliminated efficiently (reducedup to 70 %)y using dehulling
procesgKhokharand Apenten, 2011)This is because tannismainly located in

the seed coat. Besides, the tannin contents are closely associated with the colour of
seed coafPuniaet al., 2000) The deeper the colour of the seed coats the higher
the tannins conten{lgwenyiet al., 2013) Published studiesdicated that dehulled
greengram cowpea,black bearand chickpea had reduced tanmangedfrom

19.9¢ 43.4%with improved protein content ranged froni.3 ¢ 18.8 %{Akinjayeju

andAjayi, 2011; Ghavidaind Prakash, 2007Egounletyand Aworh, 2003)

Almost all the phytic acid was located in the cotyledons instead of seedAnas

Nietoet al, 2007) However, published literates(Table 1.3showed that the
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reduction of phytic acid for green gram, cowpea, black bean and chickpgap to

50%may be attributed to the removal seed co@alungaet al., 2012)

1.6.2 Soaking

Soakinghas been defined as thareliminary step prioto cooking Soakingnvolves

in immersinglegume kernelén water, therebymoisteningthem and dissolving

soluble nutrients. The process of soaking legumes in water produces a swelling of
tissue and water uptake without cell separati(feyaruet al, 2009) Soaking can be
performed by usinglifferent soaking temperaturesoakingtime period,

composition of soakingolution (water, acidic or basic) which could affect the ANFs
of legumes. Studies showed thditet quantity of phytic acid, tannirendenzyme
inhibitors hadreduced althoughtherewas not a complete removal in legumes
(Table 1.3yegardless the soaking siion, soakingtime periodor soaking

temperature

Tannin was able to eliminate better compared to enzyme inhibitors and phytic acid
in the soaking process, this is because tannin is a vgateible phenolic compound
that make it stand out from the othe2 types of ANF&hatet al., 2013; Kumatr,

1992) The reductionmight be due to the ANF components having leached into the
soaking water. Besidespaking could also enhance the hydrolysis of
oligosaccharidemto fructose, glucosgand gdactose in the soaking legumes

(Khattab and Arntfield, 2009)

Soaking also able to increase the protein content of legumes as reportéthhy
et al.(2008) Alonsoet al. (2000)and EFAdawyet al. (2000) They stated that the

kidney bean, lupin, and field pea soaked for 12 h, 13 h and 24 h had increased
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0.63 %, 2.3 % and 2.6 % respectively magttsibuted to the loss of soluble solids

during soaking.

1.6.3 Heat treatment

Heat treatment is the most frequent method used to remove the proteinaceous
ANFs (such as protease inhibitors and lectins) leading to irreversible protein
denaturation(Shimelis and Rakshit, 200ANFs such as protease inhibitors and
lectins are heat sensitivelrhe common heat treatment methods such as boiling,
autoclaving, microwave cooking, roasting, blanching and extrugiatd potentially
decreasdi NB LJAAY AYKAOAGZ2NI I OlU A OAandlase OKe Y2 (I NB L
inhibitor activity, oligosaccharideshptic acids and lectins to a considerable extent
in legumeqTable 1.3]Olawepoet al, 2014; Ebayed, 2011; Hefnawy, 2011;
Shimelis and Rakshit, 2007; Mar@abrejast al, 2004; Abd BHady ad Habiba,
2003;Egounlety and Aworh, 2003; Ibrah#hal., 2002;Adeparusi, 2001Katariaet

al., 1989.

Heat processingould also partially redugehytic acid to petaphosphates and
tetraphophates(Marzoet al., 1998) However, this process is not very efficient
becausephytic acid is a heat stable component that is not easily degraded using
thermal processingkumaret al,, 2010) Thermal processing of raw pigeon pea,
chickpea, black gram and green gram brought about a 70 % decrease in their tannin
contents(Rao and Deosthale, 198Pugalenthiet al. (2006)and Vijayakumaret al.
(1996)working on inCanavalisand Mucuna monospermaeeds. Demonstrated the
contentsof oligosaccharides decrease when subjected to thermal treatnibis

might be attributableto heat hydrolysis of oligosaccharides to simple

monosacchride.
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Processingnethods such as heat treatment, solvent extraction, fitekand grinding
showed improvement in nutritional value pfant-basedmeal in carnivorous fish
(rainbow trout and salmon) and omnivorous fish (tilapia, carp, and catfish). Heat
treatment of raw pea seed meal and raw African yam bean improved the meal
quadlity, which was associated with a great reductinorANFsparticularly trypsin
inhibitors, which then showedbetter growth performances in African catfish

(Ogunijiet al, 2016; Davies and Gouveia, 2008)

Besides, the heat treatment process coindreasethe proteincontent slightly in
fababean, jack bean and kidney bean in the studie®lahipekuret al.(2015)
Agbedeand Aletor (2005)and Alonsoet al. (2000) Their studies reported that
extruded of faba bean, autoclaved of jack bean and roasfdddmey bean could
increase the protein content by 0.22 %, 3.4 % and 17.1 % respecliiedycould be
due to thebreak down the crude protein by unfolding the protein secondary,
tertiary and quaternary structures to give primary structure which an appiar
increase in crude protein content and potentially increases its digestibility (Awuah

et al, 2007).

1.6.4 Germination

Germinationis one of the mossimple, commonpopularand effectivemethod in
Asia whiclresultsin the reduction of phytic acid, tannin, trypsin inhibitor,

OKe Y2 (i NB LJa rayhylase/ifhibimeind audhdenting the levels of protein,
carbohydrates, dietary fibre and other componeBora, 2014)During the
germinationprocesof legume severalendogenous enzymes become actwigh

the intention ofdegradation ofproteinaceous ANFHSavelkouet al., 1992)

29



The decreased in protease inhibitors content is due to the protecdgiivity that
degrades the inhibitorsduring germinationDomasket al,, 2008; McGrairt al.,
1989) Germination willalsoincreasethe endogenougphytase activitymightleadto
the breakdown of plgtic acid(Egliet al., 2002) Ghavidel and Prakash (2007)
reported that the phytic acid and tannin of green gram, cowpea, chickpea, and
lentil were reduce up to 20 % and 180 respectively after 1 day of germination.
WhereasAguileraet al. (2013)and Satheet al. (1983)reported that trypsin,
chymotrypsin} y" Ramylase inhibitory activities were reduced up to 78 %, 73 %
and 67 % respectively after 4 to 5 days of germinatidAhiaseolus vulgari¥igna
unguiculatal.,Canavalia ensiformis.,Lablab purpureuk. andStizolobium niveum
L.These studies showdethat a prolonged germination of legumes could lead to a

significant reduction of enzyme inhibitors and phytic acid.

Several studies showed that germination of bambara groundnut, mucuna bean,
cowpea and soybean had increased the protein content fron%d.1@ 13.2 %Jbshi
and Varma, 2016; Degt al,, 2015; Mugendet al., 2010; Agbede and Aletor, 280
The increment might due to the synthesis of enzyme proteins or a compositional

change following by the degradation of other seed constituéBesuet al., 1997)

1.6.5 Fermentation

Fermentation issa common practice iAfricaand Southeast Asiaountries that
believed to enhance the flavour, texture, taste and nutritional value of fermented
foods in addition to increasing shelf lifiohammedet al,, 2017; Annoet al.,

2014) Fermentationis aprocesscarried outby fungi or bacteriavhichhas the

effect ofdeclining of lectinstannins,oligosaccharidesfachyose and raffinoge

phytic acidand piotease inhibitorshydrolysinghese complex stored proteinstm
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simpler and more soluble available produ@snoret al, 2014; MartinCabrejaset
al., 2004; Ibrahinet al,, 2002) Through fermentation, theoncentrationof tannin,
phytate, trypsin inhibitor activity and saponinithaseolus vulgaris. werereduced
up to46 %, 100 %, 52 % and 60 % respectaidy 4 daygShimelis and Rakshit,

2008)

Fermentation process are capable to increase the protein content of bambara
groundnut, yam bean seed, locust bean and mucuna bean for 2.4 %, 13.9 9% 17.7
and 17.8 % respectivelfhe observation in protein increment might due to the
action of extracellular enzymgsoduced by the fermenting microorganism

through synthesis of new proteirtkiringfermentation (Enujiugha, 2003Akubor

and Chukwu, 1999)

1.6.6 Enzymatic processing

Thedifferenceof betweenfermentationand enzymatic processing is fermentation
utilises the endogenous activities wificro-organism borne on or inside the seeds
whilstthe latter isthe process oadding commerciaéxogenousnzymesthat have
isolated and culturedrom fungi or bacterigShimelis and Rakshit, 200Belewu

and Sam (201howed that the trypsin inhibitor, lectin, saponin and phytic acid of
Aspergillus nigeffungus)treated Jatropha curcaseedwere reducedby 68 %,

78 %, 95 % and 70 84spectively aftefor 7 daysThe reduction of oligosaccharides
in Canavaliausing enzymatic processing by addlingalactosidase treatment

ranged from 67 % to 91 YPugalenthiet al, 2006) The action of the enzyme is to
convertoligosaccharided 2 Y2y 2al OOKI NARS | yR RA&lF OOKI |

galactosidic linkage between the sugar molecy&smiari andalogh, 1993)
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Table 13 Effect ofdifferent processing methoden antinutrients and protein in legumes

Processing
methods

Conditions

Legumes

Reduction of antnutrients

Increment ofprotein content

References

Dehulling

Mechanically

Green gram

52.5 % phytic acid
45.6% tannin

73%

Cowpea

51.7% phytic acid
46.8 % tannin

9.5%

Black bean

49.4% phytic acid
19.9% tannin
28.2% trypsin inhibitor activity

15.2%

Chickpea

47.4% phytic acid
43.4 % tannin

18.8 %

Akinjayeju and Ajayi, 2011;
Ghavidel ad Prakash, 2007;
Egounlety and Aworh, 2003;

Soaking

Water 12 h at room
temperature

Green gram

19 % phytic acid
7 % trypsin inhibitor activity
23 Ytannin

na

0.03 % NaHCn
water for 16 h at
room temperature

Cowpea

10.1 % phytic acid
0.08 % tannin
24.2 % trypsin inhibitor activity

na

Water 12 h at 30°C

Kidney bean

5.66 % phytic acid
24.2 % tannin
5.48 % trypsin inhibitor activity

15.1 % chymotrypsin inhibitor activity
M M ® H-aniylase inhibitor activity

0.63 %

Water for 12¢ 14 h
at roomtemperature

Soybean

54.6 % tannin
2.4 % trypsin inhibitor activity

na

Grewaland Jood, 2006;
Egounlety and Aworh, 2003;
Ibrahimet al., 2002 Alonsoet
al., 2000
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Heat Cooking at 100°C for Green gram 28 % phytic acid Olanipekuret al.,, 2015;
treatment 35 min 67 % trypsin inhibitor activity na GrewalandJood, 2006;
32 % polyphenol Agbede and Aletor, 2005;
Roasted in frying pan Kidney bean  52.3 % tannin Alonsoet al., 2000
at 120°Quntil turn 40 % saponin 17.1%
brown 44.7 % phytohemagglutinin
Autoclaed at 105°C  Jack bean 37.8 % phytic acid
at 1.2 kg/cni 22.2 % tannin 3.4%
pressure for 30 min 47.6 % trypsin inhibitoactivity '
100 % lectin
Extrusion Faba bean 26.7 % phytic acid
temperature (152, 54.4 % tannin
156°C), 25 % 28.6 % polyphenol
moisture 100 rpm 98.9 % trypsin inhibitor activity 0.22%
52.8 % chymotrypsin inhibitor activity '
M 1 n Amyldse inhibitoactivity
99.6 % hemagglutinating activity
19.9 % hydrocyanic acid
Germination 72 h Bambara 20.5 % tannin Joshi and Varma, 2016; Deti
groundnut 7.3 % oxalate 1.2% al., 2015; Mugendet al.,
16.4%trypsin inhibitor activity 2010; Agbede and Aletor,
24 h Cowpea 16.2 % phytic acid 959 2005
28.5 % trypsin inhibitor activity '
72 h Mucuna bean 6.77 % phytic acid 3.13%
43.78 % trypsin inhibitor activity '
48 h Soybean 36.2 % trypsin inhibitor activity 13.2 %

44.1 % tannin
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Fermentation 72 hat37°C Locust bean 59.8 % tannin

62.5 % phytic acid 17.7%
89 % trypsin inhibitor activity
96 hat room Bambara 25.6 % tannin
temperature groundnut 15.8 % oxalate 2.4 %
37.3 trypsin inhibitor activity
72 hat32°C Mucuna bean 45.3 % tannin 17.8 %
100 % trypsin inhibitor activity '
48h at 28°C Yam bearseed 21.6 % tannin
13.9%

49 % phytic acid

Chikwenduwet al., 2014;
Mugendiet al., 2010; Steve
ljarotimi and Ruth Esho, 200¢
Esenwah and Ikenenbomeh,
2008

Note:
na represent not applicableét reported in published journal)
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1.7 Plantbased aquafeeds

Over the &stfew decades, researchers had made many efforts in replacing portions
of fish meal in aquafeeds with alternative plant protein source. Plant protein
sources ag attractive potential feed ingredient sources as they are more likely to

be sustainableless costly andbundantthan other ingredientgLiuet al,, 2015)
Nayloret al.(2000)stated that herbivorous and omnivorous freshwater fish utilise
plant-based proteins and oils better than carnivorous marine fish as they require
minimal quantities of fish meal to supply essenéialino acids. Still, it is possible to
replace the fish meal to plafiased fish feed for carnivorous fish. The replacement
2F FAAK YSIE Ay If{ a@onNisuk geadein and shasiS OA S &
hasincreasedrom 25 % to 90 % depending onespies(Glencroset al., 2016;

Hardy, 2010)

A wide variety of legumes including soybean, canola seed, rape seed, pea, mung
bean, lupin, and broad bean have bdewmestigatedas alternative plant protein
sources in aquafeeqHernandez and RomanQ26; Janet al,, 2015; Collinst al.,

2012; Gaber, 2006; Tibalkli al., 2006; Kaushikt al., 2004; Boonyaratpaliet al,

1998) The growth performance of these carnivorous fish is slightly low due to poor
plant-basedfeed intake(Panseratt al., 2009; SitjgBobadillazet al., 2005; Kaushik

et al, 2004; Raso and Anderson, 2003)
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1.8 Animal models

Inthe current study, zebrafisfDanio rerid was first selected as a fish model to
investigateon the effect of processed plaftased aquafeetieforefeed was
investigated in commercially cultuddish ¢ Asian seabag$ates calcarifgr

Zebrafish and Asian seabass are two different types ofsMisbhare omnivore and
carnivore respectivelgccordng to their natural feeding halstUndeniable
zebrafish is not a perfect fish model fish model due to the structural difference in
digestive systenmZebrafish has long intestine without true stomach whilst Asian

seabass has a true stomach with short intestine.

Even so, zebrafish is an established fish madeth offers several benefits
includingease in handling for breeding and experimentatthreto its small size
and short generation timesubstantialgenomic resourcesas well as the ability to
consume of a wide variety of fod®ibasandPiferrer, 2014; Ulloat al., 2014)
Despite the fact of structural difference in digestive systeebyafish still serve as a
potentialand reliablemodel organism iffinfish aquacultureresearchto study the
nutritional impact of alternative protein sourc&ebrafish offers an opportunityt
conduct the nutritional research at reduced cost, time, and space needed in
research facilitie§Rurangweet al, 2015) Besides, d fully understand the
repercussion of new diets on fish physiolptye determination omolecular
mechanismdish inresponses to different dietalso provide some insights to solve
the existing problems cause by the nutrition interventions in aquacultuoiastry;
but does not replace the commercial species of interest that has its own

gastrointestinal tract characterist{®urangweet al., 2015; Ulloat al., 2014)
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1.8.1 Zebrafish
Compare to other fish species, zebrafiBtafio rerig to larger extendulfils the
conditions listed below asgood fish model for research usaiRibas and Piferrer,
2014; Ulloeet al,, 2013 Ulloaet al., 2017):
a) Possessed the basic biological features and exhibits comparable
physiological responses to most of the important cultured species
b) Short life cycle, easy anmgexpensive to breed
¢) Small and stable genome so little genetic variation between individual
d) Numerous resources including genomic information and transgenic that

facilitate research in most areas

Zebrafishs a freshwater teleost omnivores fish belongs to the famil@€ybrinidae
(Dahm and Geisler, 20Q6)hey consumed a great variety of foods including fish
meal and plant based die{Ribas and Piferrer, 2014)hey also have a large
number of offspringa single female can lay up to 200 eggs per week and the
continuous eggs production distinguishes thewnfrmost of the cultured fish
(Yoonet al, 2013 Dahm and Geisler, 20Q&Jebrafish has short generation interval
allowing for performance of growth studies in a shorter tithereby givingsavings

onmaintenance costs and space requirements.

Undoubtedly zebrafish is a famous wedktablished model organism particularly
for biologists to study the developmental, molecular, toxicological studies and
immunological studie@©ahm and Geisler, 2008 eent year, it has emerged as a
potential model organism in aquaculture research which involved in different
aspects including reproduction, stress, pathology, toxicology nutrition for

inflammatory disorders of the digestive tract and growth to examine the
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experimental diet§FuentesAppelgrenret al,, 2014; Ribas and Piferrer, 2014; Ulloa

et al, 2014; Ullozet al,, 2011)

There ae very limited studies had been done on zebrafisdt related © ANFOut

of so many different types of ANF, most the studies were only considering the
effect of soybean saponin on the growth and innate immune system in zebrafish.
FuentesAppelgrenet al. (2014) and Hedrerat al. (2013)statedthe presence of
soybean saponin in the diet could triggered the immune response and lead to
intestinal inflammationStudied done byiuet al.(2013)and Ulloaet al.(2013)
reported thatthe sutstitution of fish meal with soybean meal had adverse effect on
growth performance of zebrafish but thithe supplement of phytasgrowth
performance wasmproved. Thisould be atributed to the increased mineral
bioavailability in the phytase treatediet. Besides, the presence ohytase will
dephosphorylate phytic acid that are able to form complexes with proteins that
alter the protein solubility, enzymatic activity and proteolysis in mgagtric
animals(Krogdahkt al., 2010; Kumaet al., 2010; Urbanet al., 2000; Reddy and

Pierson, 1994)

1.8.2 Asian ®abass

Asian sabass(Lates calcarifed £t a2 1y 26y |a a{AlF1lLE AYy al
in Australia is one of the important aquaculture species in Southeast Asia due to its

high growth rate and consumer demafi8usebiand Coloso, 2002}t is broadly

distributed in the IndewWest Pacific region from the Arabian Gulf to China, Taiwan

Province of China, Papua New Guinea and northern AustF(&S, 2013)
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Barramundide®@ SR FNRBY (GKS F02NAIAYlf 62NR aol

the common name in Australia however it algiown aggiant perch and cock up.

Other variations in nomenclature includesamain Papua New Guinekakapin
Indonesia,bulganin Philippinesbhakti in IndigSchippet al, 2007) It is the most
commonly eaten and popular fish therefore among the most commercially

valuable Barramundis carnivorous fish that farmed commercially in ponds, cages
and recirculating tanks in Southeast Asia and Australia. They are fed on trash fish in

Asia and pellets in Australf@ian and Qin, 2003)

According tdDepartment of Fisheries Western Australia (20b8yramundilive in
both freshwater and saltater and they eat almost anything including other
barramundiand crustaceans. They can consume prey up to 60 % of their own
length. Common size dlarramundiis between 25 cm to 100 cm however they can
grow up to 200 cm in length and 60 §gGIS, 2013Even though the species can
grow up to 60 kg, the harvest sizel#rramundiis usually between 400 g to 4000 g
depending on the market demar{Glencross, 2008Barramundtcan change sex
from male to female during their lifecycle. By observing the body and fins colour,
the freshwater and saltwatebarramundican be differentiatedFreshwater
barramundiare greeniskblue on the upper part of the body and dark brown to
black colour fins while saltwatdrarramundihave silvery body and yellow fins

(FIGIS, 2013)

Barramundis known to survive in water with a salinity over 50 ppt and at
temperature 16°C to 3. Yet, juvenilbarramunditend to grow faster in lower
salinities(Schippet al,, 2007) They are widely known for their good taste and firm

texture including tender, mild tasting as well as boneless fi{ethippet al., 2007,
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Peet, 2008. Barramundiare suited to aquaculture as they are hardy, fgstwing,

feed well on pelleted diets and universally regarded as a fine tal€RISIS, 2013;

Peet, 2006) They have the uncommon &ibj to synthesize long chain ome@a

fatty acids that contribute to human heal(fPeet, 2006)

According td=A0 (2013) the major nutrientsequirementfor barramundiinclude

protein, lipid and carbohydrate (Table4). Diets for carnivorous speciase mainly

composed of protein, lipid and carbohydrate whiigts for omnivorous species

haveless protein and more carbohydrafdobling, 2015)

Tablel.4 The typical diet composition fdrarramundi(Adapted fromFAQO, 2013)

Proximate composition

Life stages

(% Dry feed basis)

(2¢ 25days)

Nursery Grower Grower
(<10g) (10¢200g) (>200 Q)

Dry matter

Crude protein, % min

Crude lipid, % min
Carbohydrate, %
recommended

Gross energy, min kJ/g
Digestible energy, min kJ/g
Protein to energy ratio, mg/k.
Phosphorus, % min

70 70
45¢ 50 40¢ 45

15¢ 18 19
20
15 17
22.5¢ 30.7
0.5¢1.0

Over the past 20 years, feeds tmrramundihave undergone considerable

development from the use of baitfish or feed fish a simple pellepressed dietto

a modern, extruded, higknergy pelles (Glencross, 2006 here are concerns that

the replacement of fish meal in aquaculture diets could adversely affect the

marketability of the fish because of consumer perception of altered taste or

reduced he#h benefit due to lowered omega fatty acid conten{Williamset al,,

2003) Therefore, there is growing interest in the specific effects of plant proteins

on lipid synthesis and metabolism ancetheffects on flesh quality.
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1.9 Aims of the project

Currently, farming of high value carnivorous fish is one of the most harmful
aguaculture production systems. To overcome the negative impacts of farming
carnivorous fishthe incorporationof underutilised legume protein as an
alternative protein sourein aquafeeds neeckd for more sustainable aquaculture
production.The presence of ANFs particularly enzyme inhibitors can adversely
affect nutrient absorption in the fish digestive systdiris therefore predicted that
feeding carnivorous fish with untreated legume protein will result in lower growth
performance when compared tweated legume protein feed_ittle work has been
done todevelop a processing strategy to remo&BFs present in uterutilised
legumes and investigate on the effect of these processed leghased feeds on

GKS INRGgOGK 2F | SoNBidkagake ' yR ! aixly &St

The specific aisof this study were:
1. To determine the targeted ANFs present in underutilised legumes
2. Todevelop processing techniques to reduce ANFs present in underutilised
legumes
3. To develop the formulation for the legu®ased aquafeed
4. To investigate the effect of the ANEBduced legumébased aquafeed on

the growth performance of zebrafish and Asian sesba
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CHAPTER 2

MATERIALS AND METHODS

2.1 Chemicals and reagents

All the chemicals and reagents used for the study were tabulated in Table 2.1. All

reagents were of analytical grade. Water used throughout the analyses was purified

by Milipore waterpurification system (Milipore Corporation, USA).

Table 2.1 List of chemicals and reagents

Molecular

Chemicals/ Reagents Weight Supplier, Country
(g/mal)

Sodium hydroxide 40.00 Merck, Germany
vdzA O1 {GFNInw . NI RT2I - Bio-Rad, USA
Bovineserum albumin - SigmaAldrich, USA
Sodium phosphate 380.12 SigmaAldrich, USA
h -N-benzoyidl-argininep- 434.88 SigmaAldrich, USA
nitroanilidehydrochloride
Acetic acid glacial - Merck, Germany
Trypsin inhibitor - Amresco, USA
Tris HCI 157.60 SigmaAldrich, USA
Trypsin - Amresco, USA
Glycine HCI buffer 111.53 SigmaAldrich, USA
Chymotrypsin - SigmaAldrich, USA
Benzoyl-tyrosine ethyl ester 313.35 SigmaAldrich, USA
Methanol 32.40 Merck, Germany
Hydrochloric acid fuming 3% - Merck,Germany
Petroleum ether 4@ 60°C - SigmaAldrich, USA
Boric acid 61.83 SigmaAldrich, USA
Titanium tablet - Buchi, Switzerland
I -mercaptoethanol 78.13 SigmaAldrich, USA
Formic acid 98.00% 46.03 Fisher Scientific, USA
Phenol 94.11 FisherScientific, USA
Sodium metabisulpite 190.11 Fisher Scientific, USA
Trisodium citrate, dihydrate 294.10 Fisher Scientific, USA
H Z-Fhi@diethanol 122.19 Fisher Scientific, USA
Physiological fluid chemical kit - Biochrom Ltd, UK
Hydrogen peroxide 3% 34.01 Fisher Scientific, USA

Amino acid standard, 2.5 pmol/mL

SigmaAldrich, USA
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Cysteic acid

Methionine sulfone

Norleucine

Benzocaine

Ethanol

Sulphuric acid 997%

RNeasy® Fibrous Tissue Mini kit
RevertAid RT kit

100bp DNA ladder (500 pg/mL)
6x loading dye

50x TAE buffer

RNAater®

UltraPure DNase/RNag&ee water

LightCycler® 480 Sybr Green | Master -
vdzZl YGAb23n wSOSNES -

QuantiFast® Sybr® Green PCR kit

SigmaAldrich, USA
SigmaAldrich, USA
SigmaAldrich, USA
SigmaAldrich, USA
Merck, Germany
Merck, Germany
Qiagen, Netherlands
Thermo Scientific, USA
New England BioLabs, Ul
New EnglandBioLabs, UK
Thermo Scientific, USA
Ambion, USA
Thermo Scientific, USA
Roche, Switzerland
Qiagen, Netherlands
Qiagen, Netherlands

2.2 Instruments

All the instruments and apparatus were kept in proper condition before and after

used to ensure quality work safety. Table 2.2 stated the instruments and apparatus

used throughout thestudy.

Table 2.2 List of instruments and apparatus

Manufacturer/Supplier,

Instruments/Apparatus Model
Country
Centrifuge 5810 R Eppendorf, Germany
Vortex mixer SA8 Stuart, UK
Analytical balance MS204 Mettler Toledo,
Switzerland
Hot plate stirrer Labtech Daihan Labtech Co Ltd,
Korea
pH meter pH 510 Sartorius, Germany

Micropipette (100¢ 1000pl)
Micropipette (10¢ 100pl)
Micropipette (0.5¢ 10 ul)
Orbital shaker

Microplate reader

Freeze dryer

Soxhlet

Kjeldahl distillation unit
Kjeldahl digester

Research plus
Research plus
Research plus
Certomat IS
Epoch
Alpha 14 LD plus
EV6 All/16
K-350
K-446

Eppendorf, Germany
Eppendorf, Germany
EppendorfGermany
Sartorius, Germany
BioTek, USA
Christ, Germany
Gerhardt, Germany
Buchi, Switzerland
Buchi, Switzerland
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Scrubber

Amino acid analyser
LightCycler® System
Mastercycler
RealTime PCR System
Crude Fibre digestion system
Oven

Ashing furnace

Fume hood

Chiller

Autoclave machine
-20°C freezer

-80°C freezer

Flash N/Protein analyser
Bomb calorimeter
Ice maker machine

Gel doc

Horizontal Electrophoresis systen

Dissecting Microscope

NanoDrop

K-415
Biochrom 30+
480
Nexus gradient
Eco
R16
VO200cool
AAF 12/18
Hamilton Concept
VC 100
HVES0
E388L
Platinum 340V

EA1112
6300
ZBS50

Gel Doc XR+
Mini-Sub Cell GT

system
EZ4

ND1000

Buchi, Switzerland
Biochrom Ltd, UK
Roche, Switzerland
Eppendorf, Germany
[llumina, USA
Gerhardt, Germany
Memmert, Germany
Carbolite Gero Limited, Ut
Thermo Scientific, USA
ETS Bio freeze, Malaysie
Hirayama, Japan
Fisher & Payker, Australie
Angelantoni Lifescience,

Italy
Thermo Scientific, USA
Parr, USA
Nuove Tecnologidel
freddo, Italy
Bio-Rad, USA
Bio-Rad, USA

Leica microsystems,
Germany
Thermo Scientific, USA
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2.3 Anti-nutritional factors analysis

2.3.1 Trypsin inhibitors assay

¢CNBLIAAY AYKAOAUG2 NNehzayldRa@ibiiepy A Yy SR dza Ay 3
nitroanilidehydrochloride (BAPNA) as the substrate for trypsin. A Iggoohd
freezedried legumeswas extracted by soaking with 10 mL of 0.15 M sodium
phosphate buffer pH 8.1 at 4°C for 12 h. The extracts were then centrifuge at 3000
gfor 10 min at 4°C. Extracts (20 pL) was incubated with 40 pL of trypsin solution
(0.004 % (w/v) trypsin in 0.025 M gige HCI buffer) and diluted to 80 pL with pH

8.1 buffer phosphate were then incubated for 10 min at 37°C. A 100 puL of 0.001 M
BAPNA solution in pH 8.1 sodium phosphate buffer, previously warmed to 37°C, will
be added. After 10 min incubation at 37°C, 20qgi 30 % (v/v) acetic acid was

added to stop the reaction. Trypsin inhibitor activity (TIA), was expressed as trypsin
inhibitor unit/mg sample, and calculated from the absorbance read at 410 nm
against a reagent blank. One trypsin unit was defined asnitrease by 0.01

absorbance unit at 410 nm of the reaction mixtharzoet al,, 1998)

Therewere a wide range oéxpressiorunitshad beenused tomeasurethe trypsin
inhibitor activitythat included trypsin inhibitor unitper milligramsample,
milligramtrypsin inhibitorper gram of sample trypsin units per gram protein,
trypsin inhibited units per milligram protejparts per million of Kunitz unitthat
couldlead to confusion. The unit that being used in this stthA unit/mg was the

most commonly reported by researclser
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2.3.2 Chymotrypsin inhibitors assay

The enzyme inhibitory activity was determined in extracts as describ&tbzo et

al. (1998) A 1 g ofyroundfreezedried legumeswas extracted by soaking in 10 mL

of 0.08 M Tris HCI buffer (pH 7.6) for 12 h at 4°C. The extracts were then centrifuge
at 3000g for 10 min at 4°C. Sample extracts (20 pL) was incubated with 40 pL of
chymotrypsin solution (0.005 % (w/v) chymotrypsin in Tris HCI buffer pH 7.6) and
diluted to 80 pL with pH 7.6 Tris HCI buffer and incubated for 10 min at 30°C. A 100
puL of 0.001 M berayl-I-tyrosine ethyl ester (BTEE), previously warmed to 30°C was
added and mixed. After 10 min incubation at 30°C, 20 uL of 30 % (v/v) acetic acid
was added to stop the reaction. The absorbance was read at 256 nm against the
blank. Chymotrypsin inhibitorcéivity (CIA), was expressed as chymotrypsin

inhibitor unit/mg sample, and calculated from the absorbance read at 256 nm
against a reagent blank. One chymotrypsin unit was defined as the increase by 0.01

absorbance unit at 410 nm of the reaction mixture.

2.3.3 h-Amylase inhibitors assay

h-Amylase inhibitor activity (AlA) was evaluated according to the modified method
of Deshpandest al. (1982) A 1 g ofyroundfreezedriedlegumeswas extracted by
soaking with 10 mL of deionized water for 12 h at 4°C and the supernatants were

0 Sa i SBmyms Mhibitory activity. A 25 puL sample solution containing the
inhibitor was incubated with 25 pl¥o-amylase enzyme solution (0.003 % (w/v) in

0.2 M sodium phosphate buffer, pH 7.0, and containing 0.006 M NacCl) for 15 min at
37°C. To this mixture was added 50 pL of 1 % (w/v) starch solution (preincubated at
37°C). At the end of 3 min, the reaction v&ispped by the addition of 200 pL of

1 % (w/v) dinitrosalicylic aci@NSyeagent and heating in a boiling water bath for

10 min. The absorbance was recorded at 540 iheh -amylase inhibitor activity
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(AIA)g | & S E LINBndykas® Rhibitaf unitymg sample and calculated from the
absorbance read &40nm against a reagent blank.y’ S dzyfakniilase aEtivity

AYKAOAGSR ¢ damR&Finhipi®Runita 2y S

2.4 Nutritional analysis

2.4.1 Protein analysis

a) Quantification of protdn content using Kjeldahl method

The analysis was carried out accordind\@AC, 1990A 0.1 g of ground freeze

dried legumes were weight into a sample tubes and 2 titanium tab8%lL(g per

tablet which consistsf 3.5 g of potassium sulphate.8Q) / 0.105 g of copper (1)
sulphate pentahydrate (Cus® HO) /0.105 g titanium dioxide (T#) were added
followed by 15 mL of concentrated sulphuric acigS&). The samples were

digested at 380°C for 1.5 h. The digested samples were then allowed to cool down
to room temperature for 10 to 15 min before subjected to distillation process. The
digested sample were distilled by using tKieldahl distillation unitTo thedigested
sample was added 63 mL of 32 % (ve@dlium hydroxidédNaOH and 60 mL 4 %

(w/v) boric acid and 60 mL of distilled water and allowed it to distil for 4 min.
Ammonium sulphate used as standard. The distilled sample was then being titrated
using 0.1N of kBQto pH 4.65. The protein content was calculated using the

following formula:

% Protein = (((sampkelank) x normality x 1.4) / sample weight) x 6.25

Notes:

Normality¢ normality of titrated HSQ
Molecular mass of nitrogeq 1.4
Conversion factog 6.25
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b) Quantification of protein content using Bradford method

The protein of legumes was carried out according to a modified methddlit et

al. (2009)and Shenet al.(2008) The groundreezedried legumes were mixg with

0.03 M NaOHbH 12 solution (10:%/w) with continuous shaking at 150 rpm for 1 h

at 25°C. The mixture was centrifuged at 6@J0r 10 min at roontemperature

The supernatant was carefully collect for further filtration process. It was filtered
through Whatman No. 1 filter paper to obtaa crude extract.ffle amount of

protein was quantify using the Bradford meth{@radford, 1976)using bovine

serum albumin (BSA) as the standard. A 5 pL of sample was added with 250 pL of
Bradford reagent and allowed it to react for 5 min at room temperature. The

solution was measured against the blank (Bradford reagent) at 595 nm.

2.4.2 Lipidanalysis

Lipid content was extracted by using Soxhlet mett@@AC, 1990A 5 g of ground
freezedried legumes were weighed in a thimble and subjected to hot extraction
with 300 mL of petroleum ether for 6 h in the Soxhlet apparaffter extraction,
the petroleum ether was rotary evaporated. Lard was used as standardipiche

content was calculated using the following formula:

% Lipid content = [(M2M1) / sample size¥ 100

Notes:
M1 ¢ initial weight of flat bottom flask
M2 ¢ final weight of flat bottom flask
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2.4.3 Crude fibre analysis

A 1 g of defatted freezdried sampt was weighed into the fibrebag. The fibrebag
was dipped into the extraction beaker which contained of 360 mL of 0.128 M
sulphuric acid. The extraction beaker was boiled on the hot plate for 5 min then
simmered for another 25 min. The acid was drained ftbefibrebag and washed
with 300 mL of hot distilled water. The fibrebag was washed until a neutral pH was
obtained. Then, added 360 mL of hot 0.313 M sodium hydroxide (NaOH) into the
extraction beaker and bring to boil. The solution was allowed to sinfarez5 min.

The fibrebag was then washed with 300 mL of hot distilled water, 300 mL of 0.1 M
hydrochloric acid (HCI) and 600 mL of hot distilled water, in succession. This
wasfoloowed by the fibrebag being washed in diethyl ether. The residues in
fibrebagwere oven dried for 4 h at 105°C. The fibrebag was then cooled in the
desiccator for 15 min and the weight of the fibrebag with residue was noted. The
cooled fibrebag was placed im ashing furnace and ashed for 4 h at 550°C. The
fibrebag was then cooleith desiccator for 15 min and +weighed. The ash was
brushed out and the empty crucible-meeighed. The crude fibre was calculated as

below:

/ NHZRS F XN OI' k6 ds P mnan

Notes:

s ¢ dry fibrebag weight (g)

h ¢ empty dried fibrebag (g)

1 ¢ crucible with ash weight (g)
1 ¢ empty crucible weight ()

I ¢ sample size (g)
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2.4.4 Ash analysis
A 5 g of freezalried sample was weighed in a crucible and placed the crucible in a
ashing furnace. The sample was heated at 550°C for 12 h. Weighed the crucible

again with the ash. The ash was calculated as below:

Notes:

i ¢ weight of crucible with sample (g)
h ¢ weight of crucible with ash (g)

1 ¢ weight of sample (g)

2.4.5 Moisture analysis

The mositure content of the feed was determinieg the weight difference

between dry and wet material. A 2 g of ground diet was weight in a crucible and
placed it in dyring oven at 105°C for 12 h. The sample was cool in the dessicator to

room temperature (25°C) before weighing it.

2 a2Aal-dzeB « T RdimAan

Notes:

i ¢ total weight of sample (g)
h ¢ dry weight of sample (g)
1 ¢ total weight of sample (g)
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2.4.6 Nitrogen free extract
NFE mainly composed of digestible carbohydrate, vitamins, and othenitraigen

soluble organic compounds. Thalculation was done by using the below formula:

% NFE = 10Q% crude protein + % crude lipid + % crude fibre + % ash + %

moisture)

2.4.7 Energy

The energy content of sample was determined using bomb calorimeter where gross
energy is measured in terms of heat produced when a sample is completely
combusted into carbon dioxide and water leaving remaining ash. A 1 g of freeze
dried sample was weighddto the crucible and was compressed with the
compressing tool. The crucible was placed into the holder and attached with an
ignition thread. The bomb head was inserted into the calorimeter and allowed a 20
s combustion in the chamber. Benzoic acid waslessea standard that consisted of
26.454 MJ/kg. The energy measurement provided by the bomb calorimeter was

expressed as MJ/kg.
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2.4.8 Amino acid quantification

A 10 mg nitrogen of sample was weight into a 100 mL bottle and placed the bottle
in chiller for 2h to cool. The oxidation solution was prepared by using 10 mL of

30 % (v/v) hydrogen peroxide with 90 mL of formic acid/phenol solution. The formic
acid/phenol solution was prepared by taking 735 mL formic acid with 111 mL of
distilled water and added with.73 g of phenol. The oxidation solution was

incubated at 30°C for 1 h and chilled it for 2 h. A5 mL chilled oxidation solution was
added into the cold sample bottle. The sample bottle was returned to the chiller
and allowed it to be oxidised for 18 thd hydrolysis solution was prepared by

taking 492 mL concentrated hydrochloride acid with 1 g of phenol making the
volume to 1 L with distilled water. After oxidation, 0.84 g of sodium metabisulphite
and 50 mL of hydrolysis reagent were added into thelbofthe sample bottle was
placed in a 110°C oven and the lid was loosened. The lid was tighten after 1 h and
left in the oven for a further 23 h. After hydrolysis, the sample bottle was placed in
freezer for 45 min. The sample was removed from freezerpantly neutralised by
adding 35 mL of 7.5 N sodium hydroxide into the sample and the samples were left
in fume hood for 30 min to reach room temperature. The sample was then adjusted
the pH to 2.2 using 7.5 N sodium hydroxide, 1 N sodium hydroxide andliysigr

reagent.

A 4 mL of concentrated solution of the internal standard norleucine (10 pmol/mL)
was added into the 200 mL volumetric flask. The hydrolysate was transferred to the
volumetric flask and topped up to 200 mL using pH 2-2ddium citrate liffer. A

20 mL of hydrolysate was transferred into centrifuged tube and centrifuged at 3000
x g for 2 min. Collected the supernatant and filtered them through a 0.22 um filter

into a sterile sample vial. The sample was injected into the amino acid analyser
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concentration of amino acid was expressed as gram per kilogram sample (g/kg). It is

calculated as following:

Amino acid (g/kg) = (AMW x F) / (W %0000)

Notes:

A ¢ concentration of hydrolysate obtained by the instrument (ISl / 50 pl)
MW ¢ molecular weight

E¢ concentration of standard in mol/mL

W ¢ sample weight (g)

F¢ total hydrolysate (mL)
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2.5 Molecular techniques and methods

2.5.1 Extraction of RNA from fish tissue

The RNA was extracted using RNeasy® Fibrous Tissue Mini kit followed the
instruction of the manufacturer. Less than 30 mg of sample was added with 300 L
of Buffer RLT and disrupted and homogenised using pellet pestle. The homogenised
solution was added wh 590 uL RNaskee water followed by 10 pL proteinase K (>
600 mAU/mL) and mix gently. The mixture was incubated at 55°C for 10 min. The
mixture was the centrifuged at 10,06y for 3 min at room temperature. After
centrifugation, the supernatant was bected and added 450 uL of @8.00% (v/v)
ethanol. The sample was transferred to RNeasy Mini column and centrifuged for 15
s at 8000« g at room temperature. A 350 uL of Buffer RW 1 was added to RNeasy
Mini column and centrifuged for 15 s at 800@ atroom temperature, and the
flow-through was discarded. An 80 pL of DNase | (1500 units) was added to RNeasy
Mini column and allowed it to stand on benchtop for 15 min. After 15 min, another
350 uL of Buffer RW 1 was added to RNeasy Mini column and cgsttifar 15 s

at 8000x g at room temperature, and the flowhrough was discarded. A 500 pL of
Buffer RPE was added to RNeasy Mini column twice and centrifuged for 15 s at
8000x g at room temperature, and the flothrough was discarded. The RNeasy

Mini coumn was centrifuged at full speed (21,188) for 1 min at room

temperature. The RNeasy Mini column was placed into a new 1.5 mL tube and 30
uL of RNaséree water was added and centrifuged for 1 min at 8@@Pat room
temperature to elute the RNA. Theipfied RNA was read on NanoDrop to obtain

the concentration. The purified RNA was then storeeBaf C in RNaskee water.
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2.5.2 RNA integrity for zebrafish

Purified RNA was subjected to gel electrophoresis to determine the integrity and

size distribution of purified total RNA. The 28S and 18S ribosomal RNAs appeared as
sharp bands. The expected apparent ratio of 28S to 18S rRNA was approximately

2:1.

2.5.3 RNA inegrity for Asian seabass

Purified RNA was quantified using an Agilent® 2100 bioanalyzer to determine the
integrity and size distribution of total purified RNA. The 28S and 18S ribosomal
RNAs were expected to appear as sharp peaks and then used to difeiatBgrity
number (RIN). A RIN value of 10 indicates no degradation has occurred whilst a
value of 0 indicates a complete degrade in sample. A RIN value higher than 5 is

recommended for RPCR.

2.5.4 Reverse transcription polymerase chain reaction (RTR)dr zebrafish

The RNA was reverse transcript using RevertAid RT kit followed the instruction of
the manufacturer. A 5 pL of 100 ng/uL purified RNA was added with 1 uL Random
Hexamer primer and 6 pyL of RN&see water. The mixture was incubated at 65°C

for 5 min. The mixture was immediately chilled on ice. To the chilled mixture was
added 5 pL of 5x Reaction buffer, 1 pL of RiboLock RNase Inhibitor (20 U/pL), 2 pL
of 10 mM dNTP mix and 1 pL of RevertAid RT (200 U/pL) which was then gently mix
and centrifugebriefly to collect the mixture. After centrifugation, the mixture was
incubated at 42°C for 60 min and the reaction terminated by heating at 70°C for 5

min. The reverse transcription product (cDNA) was store@@iC until further use.
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2.5.5 Reversdranscription polymerase chain reaction (RACR) for Asian
seabass
¢KS wb! gl a NBOSNAES (GNIyaONRLII dzaAy3a vdzy
followed the instruction of the manufacturer. A5 pL of 100 ng/pL purified RNA was
added with 2 puL of gDNA Remonwak, 8 pL of RNadeee water. The mixture was
incubated at 45°C for 2 min. The mixture was immediately chilled on ice. To the
chilled mixture was added with 1 yuL of Reverse Transcription Enzyme and 4 L of
Reverse Transcription Mix which was then gently and centrifuge briefly to
collect the mixture. After centrifugation, the mixture was incubated at 25°C for 3
min and 45°C for 10 min. It was then heated at 85°C for 5 min to inactivate the

Reverse Transcriptase Enzyme. The reverse transcription pra€) was

stored at-20°C until further use.

2.5.6 Realtime polymerase chain reaction (QPCR) for zebrafish

Forward and reverse primers (Table 2.3) were designed using Primer Express 3.0 to
O2YLX SYSyid G2 GdKS GF NBSGSR 5bhealiagddj dzSy OS I
take place during the reaction. The products size of each pair of the primers were

less than 150 bp. The primers were designed for 2 gene transcripts of interest

(interleukin 1 betaitmi 0 I YR A(i-8)) R BodmeKesping/genes (et

actin ( -actin) and elongation facteth (9 C[ h 0 0 ®
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Table 2.3 Sequence of gPCR primers that used in this study

. AL A A, GCcontent Tm Accession

Primers F/R { SljdzSyoQB0 0O p (%) °C) number

il-m ] F GGAATCTCCAAAAGTAACCTGT 42.3 64.3 NM 212844.2
R GACCCGCTGATCTCCTTGAG 60 66.2 - )

il-8 F CGCATTGGAAAACACATAAAG/ 37.5 64.8 c
R TGTCATCAAGGTGGCAATGAT( 45.4 67 XM_001342570.5

I -actin F CACCCTGTCGTGCTCACTGA 60 67.9 NM 1310311
R GTCTCGAACATGATCTGTGTCA 40 65.4 -

9C[ h F AATTCGAGACCAGCAAATACTA 40 64.7 NM 131263.1
R GTCAGCCTGAGAAGTACCAGT! 52 66.2 - )

Note:

F/R¢ Forward/Revers@rimer

Tmc¢ Melting temperature

ThegPCR master mix was prepared according to Table 2.4. To 5 uL of cDNA
template 6ection2.5.4) was added 10 pL of master mix, and 5 pL of Rivese
water to each of the well in a multvell plate. The plate was sealed and centrifuged
at 250x g for 1 min at room temperature. The plate was then placed in the
LightCycler® System for gPCR tieas with the cycling program as shown in Table

2.5.The data was acquired at the 72°C step.

Table 2.4 Amount of each component needed per PCR reaction (master mix)

Components Volume (L)
LightCycler® 480 Sybr Green | Mastel 7.5
Forward primer 10 uM 0.45
Reverse primer 10 pM 0.45
RNaseree water 1.6

Table 2.5 gPCR program taghtCycler® System

Process Temperature (°C) Durations (s) Number of cycles
Predenaturation 95 300 1
Denaturation 95 10

Annealing 60 15 } 45
Extension 72 15
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2.5.7 Realtime polymerase chain reaction (QPCR) for Asian seabass

Forward and reverse primers (Table 2.6) were designed using NCBI-BLI&ST to
O2YLX SYSyid (2 GKS GFNASGSR 5b! &aSljdsSyoSs
take place during the reaction. Tipeoducts size of each pair of the primers were

less than 150 bp. The primers were designed for 3 gene transcripts of interest (heat
shock protein 70HSP 70),-@active protein (CRP) and alanine aminotransferase
(ALAT)and 2 housekeeping genes (betetin ( -actin) and elongation factet”

@C[h0o0®

Table 2.6 Sequence of gPCR primers that used in this study

Primers  F/R { Sl dz8 Yoo o GC(‘;Z;“G”‘ Tm (°C) Anclfr‘;zif”
PO TCTOOSAEET % T qpin
o FOGCTOTt % TE e
=t B
e R TR,
h
T CAAAGGTOACGACCATG( e ey  GUIBE6ESI
Note:

F/R¢ Forward/Revers@rimer
Tm¢ Melting temperature
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https://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&id=1079757535

ThegPCR master mix was prepared according to Table 2.7. To 5 yL of cDNA
template section(2.5.5) was added of 10 L of master mix, and 5 pL of Rinzese

water to each of the well in a multvell plate. The sealed plate was centrifuged at

250x g for 1 min at room temperature. The plate was then placed inLtief dzY' A y' I Qa

Eco Realime PCR System for qPCR reactions with the cycling program as shown in

Table 2.8The data was acquired at the 72°C step.

Table 2.7 Amount of each component neeget PCR reaction (master mix)

Components Volume (uL)
2x QuantiFast® Sybr® Green PCR Master Mix 7.5
Forward primer 10 uM 0.45
Reverse primer 10 uM 0.45
RNaseree water 1.6

¢FofS Hoy ljt/ w LINEINMYPCRBYsem f { dzZYAy |l Q&

Process Temperature (°C’ Durations (s) Number of cycles
Pre-denaturation 95 120 1
Denaturation 95 5 } 40
Annealing & Extension 60 15
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2.6 Fish trials

2.6.1 Zebrafish

The juvenile zebrafish (AB wild type strain) were bred in house at The Institute of
IntegrativeBiology aquarium facility, the University of Liverpool. The mixed sex of
fish were approximately 2 months old at trial start. Throughout the study fish were
housed in groups of 10 individuals in 25 identical 3 L zebrafish tanks, made by
Aquatic Habitats, &h 25 cm x 10 cm x 15 cm (L x W x H). The tanks were placed on
the rank and connected to a centralised recirculating aquaculture system
maintained by a sump filtration system and 50 % weekly water changes. Due to the
small size of the fish, tanks weredid with a 400 um fry mesh baffle; cleaning was
conducted weekly during the weighing of the fish to prevent further disturbances.
Water quality was subsequently kept stable with the following parameters,
ammonia (NH) at 0 mg/L, nitrite (Ng) at 0 mg/L, rirate (NQ) at <50 mg/L and pH

7.0. Fish were maintained at 28 + 1°C and exposed to a 12 light : 12 dark h light

cycle.

The study was conducted in a randomised design with 5 treatments and 5
replicates per treatment, 50 fish in total per diet. A paldli#ptest had been

carried out before the feeding trial to assure that the fish readily accepted the

F2NNdz F SR RASGAD ! FGSNI SIFIOK GFyl 2F FTAaF

daily feeds was preneasured at 4 % body weight per day. This was repeated
weekly to maintain a 4 % of body weight feed regime throughout 6 weeks trial, this
encouraged maximum growth and health. On the days when fish were weighed,
feed was given afterwards in order to gain accurate fish weights, on all other days

feed was givein the morning.
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a) Weighing fish and data collection

The body weight was taking weekly to record growth throughout and the length
was only measured at the end of the study. Fish were weighed by tank; 10 fish as a
whole due to time constraints. A separdtées L tank was used, filled with 1 cm of
system water, placed on a balance and tared. All 10 fish were caught in a small net,
lifted from the housing tank, excess water was removed gently by dabbing the net
on blue roll paper towel, the net preventing apiiysical harm to the fish, and then

the fish were placed in the tank on the balance. The weight was recorded for each
tank. While the fish were situated in the weighing tank, the housing tank and mesh

baffle was cleaned before returning the fish.

b) Samplegaken at termination

At the end of the study (6 weeks), the fish were humanely euthanized by over
dosage of benzocaine, followed by pithing of the brain to confirm death. Once
death, the intestines were removed and immediately immersed in|&&®. The
samples were initially stored aB0°C to avoid unwanted changes in the gene
expression. The samples were then transported on dry ice to the University of

Nottingham for further analyses.
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2.6.2 Asian seabass

The juvenile Asian seabass (approximately 5 to 6xeng purchased from BD
Aquaculture Sdn. Bhd., Johor and maintained in the Crop for Future Research
Centre (CFF) aquarium according to standard protocols. Fish were housed in groups
of 4 individuals in 9 identical 120 L aquaria throughout the study. Thareqwere

placed on the rank, centralised recirculating aquaculture system equipped with a
biological filter. At least 5@ of the water from the system was replaced weekly.
Tanks cleaning were carried out 1 h before and after every feeding using siphon.
Juvenile Asian seabass were housed in the aquarium maintained at 28°C + 1°C on a
14 h light : 10 h dark photoperiod throughout the study. Water quality was
subsequently kept stable with the following parameters, ammonias(MHO mg/L,

nitrite (NQ) at 0 ng/L, nitrate (N@) at <50 mg/L and pH 7.0.

The study was conducted in a randomised design with 3 treatments and 3
replicates per treatment, 12 fish in total per diet. A palatability test had been

carried out before the feeding trial to assure that thehfireadily accepted the

F2NNdz F SR RASGAD® ! FGSNI SIFOK GFyl 2F FTAaFK

feeds was premeasured at 4 % body weight per day. This was repeated weekly to
maintain a 4 % of body weight feed regime throughout 5 weeks tria, th
encouraged maximum growth and health. On the days when fish were weighed,
feed was given afterwards in order to gain accurate fish weights, on all other days

feed was given in the morning.

a) Weighing fish and data collection
The body weight was takingegkly to record growth throughout and the length

was only measured at the end of the study. Fish were weighed by tank; 4 fish as a
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whole due to time constraints. A separate 3 L tank was used, filled with 10 cm of
system water, placed on a balance and tarad 4 fish were caught in a small net,
lifted from the housing tank, excess water was removed gently by dabbing the net
on paper towel, the net preventing any physical harm to the fish, and then the fish
were placed in the tank on the balance. The weighs recorded for each tank.
While the fish were situated in the weighing tank, the housing tank was cleaned

before returning the fish.

b) Samples taken at termination

At the end of the study (5 weeks), the fish were humanely euthanized by over
dosage of berocaine, followed by pithing of the brain to confirm death. Once
death, the liver was immediately immersed in RMN&®. The submerged liver
samples were initially stored on ice the80°C to avoid unwanted changes in the
gene expression. The samples wéren transported on dry ice to the University of
Nottingham for further analysegll the fish that had the viscera and kidney
removed were towel dried to remove excess water and three fish from each tank
were used for moisture determination (section 2.%he remaining fish were
frozen at-80°C then lyophilised for 24 h. The dried fish were then ground into
powder for analytical analysis including crude protein and crude lipid (section 2.4.1

aand 2.4.2).

2.7 Statistical analysis

All data was analysed using IBM SPSS Statistics software (Version 22, IBM
Corporation, USA) and graphs were constructed using GraphPad Prism (Version 6,
GraphPad Software Inc, USA). The details of specific statistical tested used to check

statistical sigrficance are stated in each separate chapter.
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CHAPTER 3
DETERMINATION OF THE ANJTRITIONAL FACTORS PRESENT IN

UNDERUTILISED LEGUMES

3.1 Introduction

One of the major constraints for aguafeed production is the limited availability of
feed ingredientgo replace fish meal and soybean mealie to thebooming prices

of fish mealand soybean meait is crucialto look for alternativeand more
economical and nutritious legunsmurceghat with comparable protein content as
in fish meal and soybeaifherefore current study was conducted to investigate

the possibility of using underutilised legumes available in Malaysia and-&asth
Asia for this purposeawith an ultimate aim to promote the use of local resources for
production of sustainable aquadd. In this study, seven underutilised dried
legumesnamelymung bean, adzuki bean, chickpea, hyacinth bean, kgek pea,

pigeon peaand bambara groundnut were investigated.

One of the challenges of using leguminous protein source is the endogantius

nutritional factors (ANFs), such as enzyme inhibitors, that affected the digestion of
nutrients by animals. Although use of soybean as an alternative has met the high
dietary protein requirement of fish, it contains numerous ANFs included trypsin
inhibitors, lectins, tannins, phytic acids, saponins and oligosacchdAdiesemo
andOnilude, 2013; Chodt al, 2010; De Toledet al,, 2007) These ANFs have the

LR GSYGAFE (2 RAYAYAAK f53d2y$5aQ ydziNR Sy
performance and health. Therefore, soybean which is currently used in feed

industry, forexample for the use in poultry feed, has to undergo effective heat
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treated process, such as roasting and extrusion, to avoid the reduction of animal
performance(Newkirk, 2010; Steiat al.,, 2008)
The specific aims of this study were:
1 To evaluate the protein and lipid contents in the underutilised legumes
1 To determine the presence of enzyme inhibitors via enzymatic ass#ys in
underutilised legumed NB LJA A Yy 3 OK @-an@ylasedHibiok y > | Y R
1 To determine the level of enzyme inhibitors and protein content present in

six adzuki bean and bambara groundnut varieties

The hypothesis of this study was that relative soyb@amtrol) underutilised
legumes would have a lower macronutrient and higher -atirient factor
concentrationsThe six variety of adzuki bean and bambara groundnut that
obtained from different locations would have different level of protein and-anti

nutrient factor concentration
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3.2 Experimental design

3.2.1 Various legumes preparation

For the study reported in section 3.3.hetdried legumes (soybean, mung bean,
adzuki bean, chickpea, hyacinth bean, blagkd pea, and pigeon pea) were
purchased from Giantypermarket Semenyih, Selangor. Whilst the bambara

groundnut was provided by Crop for Future Research Centre (CFF).

For the study reported in section 3.3.2, the dried adzuki bean were purchased from
Giant Hypermarkelocated in six states in Malaysia, nelmPahang (PHG), Perak
(PRK), Johor (JHR), Pulau Pinang (PNG), Kuala Lumpur (KUL) and Selangor (SEL).
Whereas, the bambara groundnut were provided by Dr Ajit Singh and CFF. These
bambara groundnut were consist of four landraces from Nigeria (SOK, KAA, KAB

and KAR), one from Thailand (SON), and one from Indonesia (GER).

Thesedried legumesvith seed coatvere ground into fine powdeunsing a miller
without going through dehulling procesbhe dehulling process was not carried out
mainly due to lacking of drlling machine in the lab and also the aim to reduce
processing step that might add on additional cost to the final product. The finely
ground legumgoowder was therio pass througla series omeshsieveswith the

size ofl.68um, 1.18um and 0.85um. Thepowder thatwasstopped on 1.1§m

mesh sieve was collected for further analysi.assay was carried out in triplicate.
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3.2.2 Determination of ANFs and Macronutrients

The grounded legumes were subjected to the determination of ANFs, namely
trypsininhibitors Gection2.3.1), chymotrypsin inhibitorséctionn ®o0 10 F y R h
amylase inhibitorsgection2.3.3) as well as nutritional composition which were

protein using Kjeldahl and Bradford methodeg¢tion2.4.1a and 2.4.1b) and lipid

content using Soxht method Eection2.4.2).

3.2.3 Statistical analysis

All the results were presented as mean + standard error mean (SEM). IBM SPSS

Statistics software (Version 22, IBM Corporation, USA) was used to perform one

way Analysis of Variance (ANOVA) on data sets dedenthis was statistical

significant p<0.05) subsequentpot2 O | yI f @aAa o6+ a O NNASR 7
Multiple Comparison test with confidence intervals of 95 % with threshold for

significance whep<0.05. Data was checked for normality using Shayiik test

and for homogeneity of variance using the Levene test. Graphs were constructed

using GraphPad Prism (Version 6, GraphPad Software Inc, USA).
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3.3 Results and Discussion

3.3.1 Determination of macronutrients and ANFs

BothKjeldahl and Bradford methods are th#ficial analysis rathods ofAssociation

of Official Analytical ChemistaQAC Internationpbnd are used commonly in
nutritional labelling and quality controln this study, the Kjeldahl unit was only
made availablat the later stage of the study, thus Bradford method was used
initially as an alternative method to determine the protein content in legumes.
Bradford method determine the total protein concentration of a sample based on
the binding of Coomasie dye specificamino acids such aarginine, lysine,

histidine, phenylalanine, tryptophaand tyrosinethat commonly present in

protein samplgMooreet al., 2010; Nielsen, 201@omptonandJones, 1985)
Continued use of Bradford method in this study allowed further understanding on
the changes of major amino acids during procegsiteps. While Kjeldahl method
only allowed determination of crude protein content, and not specific amino acids.
Kjeldahl method digested the sample with strong acid to transform all nitrogen in
the sample into ammonium sulphate, followed by distillatenmd titration to
determine the crude protein content in a sample. Hence, both methods are useful
to provide further insights on the effect of processing steps on the specific amino
acids and crude protein content of legume samples. Since the principibegiof
Kjeldahl and Bradford methods are different, hence is not advisable to compare the

protein contents determined by these methods directly.

When the crude protein content was determined uskigldahl methodFigure 3.1

showed that soybean exhibited the 810 % higher crude protein per unit dry

weight than the tested legumes. Among the underutilised legumes tested, their
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protein contents were ranging from 33.81 and 39.43 g/100g DW with hyacinth

bean and chigbea highest and lowest protein content respectively.

Compared tdJSDA (201 Hatabasecrudeprotein content of soybean, mung bean,
adzuki bean, chickpea, blaelged pea and hyacinth bean were 33 to 47 % higher
than curent study. This large variation ofudeprotein content might due to the
different cultivate field, genetic variation, and influence of environmental factors
such as temperature and water availabili§rude potein content seems to be
particularly sengive to environmental stres@NVangand Daun, 2006)As reported

in Nikolopoulouet al. (2007) the nutrients including protein, fat and starch content
of field pea was affected by the interaction between the cultivation area and the

cultivation year.

When protein content was determined using the Bradford method, Figze
showed ttat adzuki bean and mung bean exhibited the higher protein content of
13.21 g/100g DW and 12.75 g/100g DW respectively which were significantly higher
(p<0.001) than the remaining legumes test&ince the Coomassie Brilliant Blue
dye used in Bradford methis binds strongly to basic amino acid residue which are
arginine and lysine trough electrostatic attraction, and to a lesser extent histidine
and aromatic amino acids, such@senylalanine, tryptophan, and tyrosirlerough
hydrophobic interactior{Nielsen, 2010ComptonandJones, 1985Hence current
finding suggests that both umg bean and adzuki beanight have ligher basic and
aromatic amino acids than the remaining legumes tesWdnget al. (2017)and
Wilson(1986)reported that amino acids especially lysine and tryptophan are
required for normal growth and metabolism of fish. Hence legumes with higher

amount of amino acids will be preferable for use as aquafeed.
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Figure 3.1 The protein content in selected legumes. The protein content of the
indicated legumes were determined utilising the Kjeldahl method. There was
significant difference (ANOVps0.001). Values with different letters are
significantly different§<0.05), error bars repigent + standard error mean, r:
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Figure 3.2 The protein content in selected legumes. The protein content of the
indicated legumes were determined utilising the Bradford method. There was
significant difference (ANOVps0.001) Values with different letters are
significantly different§<0.05), error bars represent-tgtandard error mean, r:
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There was a significant difference in the concentration of lipid in the legumes

(p<0.001). The lipid content (Figure 3.3) was founteéayreater in soybean (27.67

0/100g DW) followed by bambara groundnut and the remaining legumes were

within the range of 6.27 to 10.33 g/100g DW with no significant difference

(p<0.001) amongst them.
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Figure 3.3 The total lipid content in selecteduetes. The indicated legumes was
determined utilising the Soxhlet method. There was significant difference (ANOVA,
p<0.001). Values with different letters are significantly differgrtQ.05), error bars
represent +/- standard error mean, r8:
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Accordirg to USDA (201 %atabase, the lipid content of soybean, mung bean,
adzuki bean, chickpea, blaelged pea and hyacinth bean were radgeom 1.69 to
19.94 g/100g DW where hyacinth bean and soybean had the highest and lowest
respectively. The lipid content variation of current study compared with USDA data
was in agreement witihnwaret al. (2016)who reported that the lipid content of

soybean wa affected by the varieties.

From the data presented here, mung bean and adzuki bean could possibility be a
good candidate as an alternative to soybean. Although their crude protein and lipid
content was approximately 36 % and 77 % respectively lowear sbgbean. Yet,

mung bean and adzuki bean had comparable amino acid of arginine, lysine,
histidine, phenylalanine, tryptophan, and tyrosine residues to soybean. This made

them stand out from the other underutilised legumes.

Even though the crude protein content of underutilised legumes were 80 %

lower than soybean, some of them contain a comparable amino acids content as
soybean, therefore this possibly makes them promising ingredients for aquafeed. A
potential advantag®f these legumes was their lipid content which was2 %

lower than soybean, large quantities of lipid not being ideal for aquafeeds. Thus,
these underutilised legumes might not able to completely replace the soybean but
could contribute as one of therotein sources along with incorporation of other oil

seed or sources.

In order to enhance a protein sparing effect and decrease nitrogenous losses, high
dietary lipid levels are commonly used in carnivorous fish as an important source of

energy(Regostt al., 2003) Published work fronGlencrosst al. (2016)showed
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that it is possible to almost replace all the fish meal with soybean meal and poultry
meal without losing the barramundi growth performance, up to and includietsdi
with as little as 100 g/kg fismeal. While for fish oil, there has been more success in
completely replacing it with soybean oil and rice bran oil without affecting the
growth of salmonids and barramundi respectivéBlencrost al,, 2016; Hardy,

1987)

Proteolytic enzymes such as trypsin and chymotrypsin take affect the utilisation of
protein and ultimately affect the growth of figlbabrowski andlogowski, 1977)

Trypsin cleaves polypeptidat the carboxyl side of arginine and lysine residues

whilst chymotrypsin cleaves at the carboxyl side of tyrosine, tryptophan,

phenylalanine, and leucine residues. Trypsin and chymotrypsin inhibitors bind to

the respective active site of the enzyme thbyeinhibiting digestive enzyme activity

in the fish digestive tradiKrogdalhet al, 2010y 2 KA f S (K SamydN& aSy O0S
inhibitory activity will impair carbohydrate digestion by inhibiting the hydrolysis of
h-1,4-glycosidic bondgSinghet al, 2010)p ¢ nSylade inhibitors form

02 YLX S E Samylages potentially preventing fish using carbohydrate as an

energy sourc€Yengkokpanet al., 2007)

There was a significant difference in the trypsin inhibitory activity in the legumes
(p<0.001). A shown in Figure 3.4, mung bean had the highest trypsin inhibitory
activity 0.171 TIA unit/mg)No trypsin inhibitor was detected in blaelyed pea,
hyacinth bean and bambara groundnut. The trypsin inhibitory activity of
underutilised legumes was ordered mung bean > adzuki bean and chickpea >

pigeon pea > blaekyed pea, hyacinth bean and bambara groundnut.
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Figure 3.4 The trypsin inhibitory activity in selected legumes. There was significant
difference (ANOVA<0.001). Values with different letterare significantly different
(p<0.05), error bars represent-tgtandard error mean, shrepresent not

detectable, n3.
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Theunexpected udetectabletrypsin inhibitorin blackeyed pea, hyacinth bean
and bambara groundnutould be due to the sensitivityf the currentbiochemical
techniquethat been applied irehzymatic assayhe plausible explanation of this
could be that becausthe concentration otrypsin inhibitorwas too low and
beyond the detection limitCurrent method is an inexpensive and coommethod
that had been used to detect the trypsinmhibitors, but the detectionof
biochemical technique is relativellgss sensitive compared to highroughput
technique To date, there is no available of higiroughput assay to quantify the

total enzyme inhibitors in legumes.

Miyagiet al. (1997)reported trypsin inhibitory activity of 0.048 TIA unit/mg for
soybean which is 20 % lower than current study. Whereas the reported studies on
mung bean, chickpea, blaglyed pea, hyacinth beapigeon peaand bambra
groundnutwere at least 94; 100 % highr than current findinggOsman, 2007;

Tibeet al, 2007 Mubarak, 2005; Oloyo, 200Egounletyand Aworh, 2003friaset

al., 2000.

There was a significant difference in the chymotrypsinbitbi activity in the
legumes p<0.001). Figure 3.5 shows that the chymotrypsin inhibitor content of
mung bean1.71 CIA unit/mygwas highest followed by soybeah{3 CIA unit/mg)
adzuki bean¥.07 CIA unit/myand blackeyed pea .15 unit/mg. Hyacinthbean,
pigeon pea and bambara groundnut exhibited chymotrypsin inhibitor content with
no significant difference among themselves@.05) but were significantly higher

(p<0.05) than chickpea (0.491A unit/mg)
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The chymotrypsin inhibitory activity of pigeon pea and chickpea has previous
reported was ranging from 2.10 to 3.60 CIA unit/mg and 5.70 to 9.40 CIA unit/mg
respectively, whilst soybean was 30.16 CIA unit(®lgiet al,, 2017; Singh, 1988)

These values are at least §@6 % higher than current findings.

2.0
o) a
£
=
s b
L 15
e
£
3 -
H c
<
g" 1.0+
3 d d d
£ L
£ e
7]
Q 0.5+
z I
o
£
>
L
0
0.0 - T T
&
& z,bo Q,bo Q,;o Qe"’ & Q‘,;» &\o
© S 0 OF > 0 o &
o) 0) © S ¢ & 0 N
) N N & ) & & 0
S $ ¢ 2 & ) g
¢ % Rl & Q )
2 ‘\ﬁ »
0 &
.o'b
Legume types

Figure 3.5 The chymotrypsin inhibitory activity in selected legumes. There was
significant difference (ANOVp<0.001). Values with different letters are
significanty different £<0.05), error bars repres¢ +/- standard error mean, r8:
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Shietal.(2017)a G I G SR -ariylade inkiitit®y attivity in soybean was high
(0.94 AIA unit/mg) but was undetectable in peas, lentils, faba bean and chickpea.
Whilst Shekibet al. (1988)a K 2 ¢ S R -arfiylase inhibiitory activity of chickpea

and blackeyed pea were 22 AlA unit/mg and 3.38 AIA unit/mg respectively,

which is approximately 95 % higher than current study. The variation in trypsin and
h-amylase inhibitory activity detected in legumes is probably due to the genetic
differences in legume varieties and cudtig as well as the interaction with
environmental factors such as climatic conditions, location, soil type and crop year.
However the large variation of chymotrypsin inhibitor might be attributed to the

different chymotrypsin inhibitor assays used to thakscribed in the literature.

The ANFs, including oligosaccharides, tannins and phytic acid, of field pea have
been identified as being affected by cultivation area and cultivation year
(Nikolopoubu et al., 2007) It could be anticipated that the content of

proteinaceous enzyme inhibitors might be affected as well. Other than that, the
structure of the seed will affect the enzymatic inhibitory activity too. As reported by
Shiet al. (2017)the split legume had higher enzymatic inhibitory activity than the
whole seed. Compare to protease inhibitors, less data have been documented on

i K Samylase inhibitor content of legumes.
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3.3.2 Detemination of the effect of ANFs and proteinontentin adzuki bean

and bambara groundnubbtained from different sources
The study was conducted to investigate the impact of legume sources on the ANFs
and protein content of underutilised legumes. Two legumes, adzuki bean and
bambara groundnut were selected for this investigation. Both legumes were
purchased from six sources different locations. In general, the protein content,
TIA, CIA and AlA of adzuki bean and bambara groundnut reported in section 3.3.1
were within the same range of value with those legumes from different sources

reported in this section.

The protein ontent of adzuki bean and bambara groundrftmm multiple sources
were ranging fron28.59 to 37.39 g/100g DW and 30.71 to 37.02 g/100g DW
respectively The protein content of adzuki bean (Table 3.1) was found to be
greater inSEL (37.39 g/100g DW) lghbambara groundnut (Table 3.2) were
greater in SOK and GER (37.02 g/100g DW and §A.08g DW respectivelyyith

no significant differencep0.001) amongst them

When compare thérypsin inhibitory activity among the legumes testedzaki
bean from PH®ad the highest trypsin inhibitory activigf 0.083 TIA unit/mg,
while PNG had the lowest trypsin inhibitory activity of 0.025 TIA unitMidbile
bambara groundnut fronfiour sources exhibited trypsin inhibitory activity that
ranged from 0.081 to 0.178 A'lunit/mg, except for SOK and GER that had no

detectable level of trypsin inhibitor.

When compare the&ehymotrypsin inhibitory activity among the legumes tested, the

adzuki bearfrom SEL and bambara groundnut from SON had the highest CIA of
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1.06 ClAInit/mg and 0.91 CIA unit/mgespectively Chymotrypsin inhibitory
activity of alzuki bean had the range 6f32 to 1.06 CIA unit/mg whereas bambara

groundnut had the ranged of 0.19 to 0.91 CIA unit/mg

When compare thé -amylase inhibitory activitamong the legumes tested,dzuki
bean from PRK and SEL had the highemhylase inhibitoy activity (0.121 AIA
unit/mg and 0.123 AIA unit/mg respectivelyyhilst bambara groundnut from GER
had the highest -amylase inhibitoy activity (0.228 AIA unit/mg).he " -amylase
inhibitory activity of adzuki bean had the range of 0.123 to 0.091 AlA unit/mg

whereas bambara groundnut had the ranged of 0.228 to 0A&2unit/mg.

Table 3.1 The protein contedetermined utilising the Kjeldahl methahd enzyme
inhibitorsin adzuki bean from different location

Location Protein content  Trypsin inhibitory Chymotrypsin  h-amylase inhibitory

(g/100g DW) activity inhibitory activity activity

(TIA unit/mg) (CIA unit/mg) (AIA unit/mg)
PRK 28.5¢+0.44¢ 0.05€+0.00¢P 0.40+0.09%c 0.121+0.0042
KUL 31.3€+0.68 0.053+0.00¢P 0.56+0.03° 0.103+0.00€be
PNG 30.12+0.58¢ 0.02£+£0.00€°¢ 0.41+0.07% 0.10€+£0.001°
PHG 33.2€+0.84° 0.083+0.00¢? 0.52+0.04°b 0.094+0.004cd
JHR 29.84+0.68% 0.067+0.0072° 0.32+£0.02¢ 0.091+0.002
SEL 37.3¢+0.782 0.067+0.00¢&2° 1.06+0.052 0.125+0.00z2

Notes:
Values are presented in mean + SEM3jn=
Within a column, alueswith different letters are significantly different @<0.001
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Table 3 The protein contentletermined utilising the Kjeldahl methahd enzyme
inhibitors inbambara groundnufrom different location

Location

Protein content

(g/100g DW)

Trypsin inhibitory

activity
(TIA unit/mg)

Chymotrypsin
inhibitory activity

(CIA unit/mg)

h-amylase inhibitory

activity
(AIA unit/mg)

SON
KAA
KAB
KAR
SOK
GER

31.24+0.83%¢
30.71+1.45
34.1€+1.13%
29.81+£0.36°
37.02+0.882
35.13+1.312

0.17&+0.00k2
0.117+0.00¢&P
0.081+0.00¢¢
0.10€+0.004P
nd¢
nd¢

0.91+0.032
0.68+0.04°
0.18+0.04¢
0.3C+0.07
0.37+0.02¢
0.77+£0.04°

0.082+0.00¢Ed%
0.092+0.007¢
0.071+0.00z¢
0.127+0.00z°¢
0.192+0.00€P
0.22€+0.0042

Notes:

Values are presented in mean + SEM3jn=
Within a column, alues with different letters are significantly different@t0.001

nd represent not detectable

Aforementioned in section 1.6, the macronutrient (protein) aldFf legume

could possibly have affected by cultivation area, cultivation year, maturity of seed,

genetic variation, and influence of environmental factors such as temperature and

water availability.The protein content of adzuki bean and bambara groundnut

reported were not within the range of thoseeportedin other studies

(Murevanhemaand Jideani, 2013; Mkandawire, 2007; Yowsi&l, 2007 Tjahjadi

et al, 1988) They reported that the protein content of adzuki bean and bambara

groundnut was in the range of 2124 g/100g and.6 ¢ 25 g/100g respectively.

Studesdescribedoy Wangand Daun(2004)and Vdlmannet al. (2000)the protein

contentin soybean and field peagas affected by environment factoAs an

example, sybean that grown under moderately dry conditi@® mm rainfalljand

high temperaturg(19.2C)yield the highest protein contergpproximately 433.7

g/kg during the growing periodompared to thosehat grown underhumid

condition.Nikolopoulouet al. (2007)statedthat the pea that grown at different

cultivation area coul@lso influences the nutrient density, an averagéfto
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30.5 % of protein highdrad been observeih pea cultivar in the same cultivation
year.Three different variety chickpea whigrere ¢Evrog, GAmorgog and 6Gravi&
that cultivated at the same area h&dto 9 % difference iprotein contentwhich

grown in twodifferent cultivationyear(Nikolopoulouet al.,, 2006)

In addition, gveral researchers reported th#te ANFancludingphytic acid

trypsin inhibitor, tanninoxalate saponinand lectincontent wasresulting from
legumegenetic variatior{Shanget al., 2016;DholeandReddy, 2015; Ajibadet al.,

2005 Shimet al., 2003) The trypsin inhibitor in the 56 genotype$§common bean
ranged from 0.016 to 15.947 mg/gith the mean value of 1.60 mg/whilst 20
genotypes of African yam bean radfrom 17.11 to 33.56 TIU/mgith the mean

value of 26.1 TIU/m{Shancet al., 2016 Ajibadeet al., 2005) It also reported that

when the mung bean was grew under the same environment and climate, the level
of phytic acid in 102 genotypes ranged from 5.85 to 20.02 mg/g with the average of
8.26 mg/g(DholeandReddy, 2015)The wide variation in trypsin inhibitpractivity

and phytic acid wre cause by genetic variability.

Other than that, he changes in trypsin inhibitory activity related to cultivation year
of common bean were being cultivated in the same environnvegs being

observed over 3 year#é wide variation trypsin inhibitory activity was found within
the cultivars across 3 years with an average of 27.67 TIU/mg DM in 1995, 25.31
TIU/mg DM in 1996 and 23.39 TIU/mg DM in 1@¥érgiovannand Pignone,

2003) Whereas he phytic acid content of chickpéhat cultivated at different
locations within the same cultivation year had varied from 0.2%.5 %

(Nikolopoulouet al., 2006)
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In this study, dzuki bean thatradedin Malaysia market were imported from other
countries included Japan, China, Taiyweamd South Korea but it was not
distinguishable from the origin country.Mgreas the bambara groumait was
imported from Nigeria, Thailand, and Indonesia. Theas lacking the information
such as cultivation area, cultivation yearaturity of seed, genetic variaticas well

as growing temperature and water availability which could affect the nutrient and
anti-nutrient contentsin these legumesThus,tiis rather difficult toconclude that

the variation of these legumesas cause by a particul&ctor.

3.4 Summary

In aurrent findings the mung bean and adzuki beappear to be good alternative
source of aquafeed than soybean. The mung bean and adzuki bean are high in
crude protein andn selected amino acidgaich asrginine, lysine, histidine,
phenylalanine, tryptophaand tyrosinen relative to other underutilised legumes
tested Unfortunately, thesdegumes are with substantial level pfotease

inhibitors whichmight affect the protein digestibility and availability to fish.

Besides, the present results also indicg the varietal differences exist in the

protein and enzyme inhibitor contents of adzuki bean and bambara groundnut. The
SEL adzuki bean and GER bambara groundnut had the highest protein @mntent
well assubstantial level oprotease inhibitorsTherefore, it is essential to explore
various processing methods that could be used to reduce these ANFs prior to

application as aquafeed.
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CHAPTER 4
EFFECT OF PROCESSING METHODS IN REDUCING ENZYME INHIBITORS PRESENT

UNDERUTILISED LEGUMES

4.1 Introduction

Findingsfrom Chapter 3uggested that majority of the underutilised legumes
tested contain substantial amount of enzyme inhibitors that might restrict their
application as ingredients for aquafeed. Thesegyme inhibitors such dsypsin,
OK e Y2 (i NE Lakoylage ehzynie inhibitors migbause detrimental effect to
the digestion and nutriendbsorption aquatic animal$ience it is the aim of
current study to develop effective thermal and ndrermal processing methods

that could to reducghese enzyme inhibitors present in legumes.

The elimination of enzyme inhibitors for legumes is remains a challenge to
researchers, as they need to ensure the processing methods is effective and will not
deteriorate the nutritive value of therocesseddod (Hailuet al., 2015; Luo and

Xie, 2013; Singhat al,, 2012; Wangt al., 2008; Osman, 200.7yhe common

processing methods used temove trypsin and chymotrypsinhibitors are

through soaking and heat treatment which involves cooking or autoclaiiigaki

et al, 2007; Egounlety and Aworh, 200Bjoweverii 2 (G KS I dzi K2 NDa Y 2«
single processing method or strategyeffective in removing these enzyme

inhibitors totally. Thus, current study will employ and optimise the food processing
methods available including soakirggat treatment autoclaving, and dry freezing

and develop a strategy to remove these enzyim@bitorsand without affecting

the nutritional content of the legumes.
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Dehulling, germination, and fermentation were not beimgedin this study due to
several limitationsThere is no dehulling machine available in the university
Besides, the ultimat aim for theseprocessed legunsareto use as aquafeed
ingredient from the point ofindustrialisation andcommercialisationthe

processing methods need to be less laborious and cheap. Germimioasswill
lead to additional labour cost for harvesgj that need to be take into consideration
whilst fermentation process involved in acid productittvat might alter the

palatability of the legumeould possibility reduce the feed intake in targeted fish.

The overall objective of this research on of und#ised legume is to enhance the
use of plant protein in aquafeed thereby reducing the exadrance of
commercially important legume which are finite sour¢ée presence of enzyme
inhibitors that affect the utilisation of protein and carbohydrate cosétve as a

major drawback.

To overcome these challenges, the specific aim of this chapter was:

1 To determine the optimal operating parameters such as soaking, wet
heating, autoclaving and dry freezing as well as the effect of different time
periods and émperatures in reducing enzyme inhibitors (trypsin,

OKe& Y2 (i NE L&njlaé&inhibit6r®) present in underutilised legumes

whilst also attempting to retain their nutritive values

Current hypothesis suggested that the optimised wet heating and autogaviih
be the most effective methods, out of four processing methods, to reduce the
enzyme inhibitors present in underutilised legumes, since enzyme inhibitors can be

decomposed better with heat.
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4.2 Methodology

4.2.1 Sample preparation

The sources of sevamderutilised legumes, namely mung bean (MB), adzuki bean
(AB), chickpea (CP), hyacinth bean (HB), fdgel pea (BEP), pigeon pea (PP) and

control soybean (SB) tested in this study were reported in section 3.2.1.

4.2.2 Legume processing methods
The dried legmes were purchased from the same single source. Each of the
processing methods was performed in triplicate for each type of legume (single

sample).

a) Soaking

A 10 g of dried legumes were soaked in 100 mL of distilled water for different
durations of 0 h, @, 12 h, 18 h and 24 h at room temperature (25°C) respectively.
After removing the soaking medium, the soaked legumes were chilled overnight at

4°C before being frozen e80°C for 24 h.

b) Wet heating

A 10 g of dried legumes were immersed in 100 mL ¢ifldt water and then
immediately heated at either 50°C or 100°C for 30 min or 60 min. After decanting
the water phase, the wet heated legumes were allowed to cool to room

temperature and chilled overnight at 4°C before being froze8@aC for 24 h.
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c) Autoclaving

A 10 g of dried legumes were immersed in 100 mL of distilled water and then
immediately autoclaved at 121°C, 15 psi for 15 min. After decanting the water
phase, the autoclaved legumes were allowed to cool to room temperature and

chilled overnigt at 4°C before being frozen €80°C for 24 h.

d) Dry freezing
The dried legumes (10 g) were frozen2@°C and80°C for 24 h at each
temperature and proceed to the lyophilised process without allowing them to heat

up to room temperature.

All the frozn samples were lyophilised for 24 h using fredeger (Alpha 34 LD
plus, Christ). The lyophilised legumes were then ground into powderdsing a
miller without going through dehulling process. The fine powder was thgrass
througha series of meskieves with the size of 1.8n, 1.18umand 0.85um. The
powder that was stopped on 1.38n mesh sieve was collecteohd stored in 4°C

chiller up to 2 weeks prior to analysis for enzyme inhibitors and nutrients.
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4.2.3 Enzyme inhibitors and nutrientletermination

¢KS GNRBLAAYSIS GamBdayednhiblbrs fieseyit inlthg Raw and
processed dried samples were determined according to sectionsQ23L2. The
protein content of raw and processed dried samples was determined according to
section2.4.1a¢ 2.4.1b. In this study, both Bradford and Kjeldahl protein
determination methods were used to determine the soluble amino acids in sodium
hydroxide (NaOH) and total crude protein respectively. All assay was carried out in
triplicate, except for crde protein (Kjeldahl method) that only one replicate was

being performed.

4.2.4 Statistical analysis

The results were presented as mean * standard error mean (SEM) which had
carried out in triplicate. Except for crude protein content determined using Kjeldahl
method that presented as singdmalysis/alue. IBM SPSS Statistics software

(Version 22, IBM Corporation, USA) was used to perforratay Analysis of

Variance (ANOVA) on data sets and where this was statistical signific@rd%)
subsequentposhocat f @ 3A & 61 & OF NNASR 2dzi dzaAy3
test confidence intervals of 95 % with threshold for significance wik&h05. Data

was checked for normality using Shapitblk test, where stated, none normally
distributed data was transformeddgare root) before statistical analysis was

performed. Data was checked for homogeneity of variance using the Levene test.
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4.3 Results and Discussion

In this chapter, the effect of operational parameters such as soaking, wet heating,
autoclaving and dry éezing on the enzyme inhibitors (trypsin, chymotrypaind
h-amylase inhibitors) and protein content present in underutilised legumes were
investigated Only 10 g of legumean each replicatavere subjected to processing
methods due to the limitation afhe equipment.The benchtop freeze dryer is
designed for lyophilizing light sample loads and lead to the decision of processed
only 10 g of legumes for each replicates mentioned before in section 3.3,
Kjeldahimachinewas not available during the eadtage of the study and Bradford
methodwas used as an alternative. Another challenge for Kjelaatthod wasthe
limitation of chemical, thishapterhad too much of sampeanddue to the
constraintof research costjeldahimethodwas onlyperformedin single replicate

for verification purpose.

4.3.1 Soaking treatment

Soaking is a preliminary step prior to cooking which helps to soften the texture of
dried legume and shorten the cooking tiru and Chang, 2008jhe soaking
treatment is the imbibition process involved in admission of water into theddr
legume through the pores and the thinnest area of the seed coat , resulting in
swelling of tissue and water uptake without cell separatiggaruet al,, 2009;

Perissé and Planchuelo, 200fhe soaking medium usually becomes slightly
coloured which indicates some of the soluble constitutes such as phenolic
compounds had leached into soaking medium under the influenced of

concentration gradien{Xu and Chang, 2008)
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4.3.1.1 Effect of soaking on enzyme inhibitors

There was a significant déffence in thdrypsin inhibitory activity (TIA),
OK@Y20UNRLIAAY AY KA o-amylashidhibitoy GotiviyA(AIA) inthé L ! 0 |y
interaction between legumes and the soaking peripd(.001). The effect of

a2F1Ay3 GNBIFGYSY(G 2y -amiNdsdlEhbitory actvikyang 2 ( NB LJA A
shown in Tald 4.1, 4.2 and 4.3. In general, the soaking treatment increased the

trypsin and chymotrypsin inhibitory activity in tested legumes. In contrast, there

g1 & I NB Raa@aseihipitory dctivity in was observed in four soaked

legumes, namely MB, ABRPCand BEP but this was only consistently seen in the

early part of the soaking period (6 to 12 h of soaking).

There was a significant difference of trypsin inhibitory activity (TIA) in the legumes
with the soaking durationp<0.001) as it had increasedth the soaking duration.

As shown in Table 4.1, the raw legumes possessed the lowest TIA ranging from
0.042 to 0.171 TIA unit/mg. Interestingly, no detectable TIA was found for BEP, HB

and BG.

The TIA of soaked SB, AB and MB showed no significanedidéewith raw

legumes after 6 h of soaking period. However, for the remaining five legumes, a
significant increment of 87 % to 100 % when compared to raw legumes. AB (1.294
TIA unit/mg) and HB (0.181 TIA unit/mg) had the highest and lowest trypsin

inhibitory activity after soaked for 12 h, respectively.

There was a significant difference of chymotrypsin inhibitory activity (CIA) in the
legumes with the soaking duratiop<0.001) as it had increased with the soaking

duration. As shown in Table 4.2, the raw legumes possessed the lowest CIA ranging
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from 0.49 to 1.71 CIA unit/mg. All tested legumes, except for BG, showed a
significant increase in CIA ranging from 40 % to B8tét soaked for 6 h. The
highest CIA after soaking for 18 h was in SB (5.32 CIA unit/mg), whilst the CIA of 24

h-soaked BG was not significantly different from raw BG.

¢CKSNB gl a I aA 3 y-anmflasOinnhipitory RelivEyH BB thedS 2 F
legumes with the soaking duratiop€0.001) as it had increased with the soaking
duration. As shown in Table 4.3, the AIA of four legumes (MB, AB, CP, BEP) reduced
significantly p<0.001) after 6 h of soaking period, except for SB, HB, PP, and BG.
Regardless # soaking duration, raw SB had showed the highest AIA (1.991 AIA
unit/mg) which range from 8old to 27fold higher when compared to the other
legumes. Other than that, SB had increased the greatest of all the legumes with the
soaking period. After soakirigr 24 h, a 89 % increment of AIA was observed for

SB, but after 24 3oaked BG was only 18 % higher than raw BG. For HB, of the

range for the increase was 13 % to 50 % when soaked foRah. Whilst for PP,

of the range for the increase was 24 % ta%2vhen soaked for §18 h. However,

the 24 hsoaked PP showed significantly lower AIA than raw PP.

For the four legumes that showed reduction after 6 h of soaking period, the prolong
soaking period to 12 h had increased the AIA of MB and CP. WhéreadA of AB

and BEP only increased after 18 h of soaking period. After 24 h of soaking
treatment, the AlA of these four legumes was significantly increased by 14 % to

66 % when compared to raw legumes.
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Table 4.1 The interaction tdgume x soaking duration in the trypsin inhibitory activity

Legume types

Trypsin inhibitory activityTIA unit/mg)

Raw

Soaked 6 h

Soaked 12 h

Soaked 18 h

Soaked 24 h

SB
MB
AB
CP
BEP
HB
PP
BG

0.06C+0.012!mn
0.171+0.012Km
0.06¢+0.00¢&!mn
0.07&+0.00¢€'™"
nd"
nd"
0.04z+0.00€m"
nd"

0.16E+0.017Km
0.15C+0.017Km
0.13¢+0.00€K™m
0.32€+0.01¢€™M
0.23E+0.03Chik
0.362+0.05zf"
0.32€+0.02£™ N
0.33C+0.011%9"

0.35(+0.027%"
0.637+0.03¢¢

1.294+0.075P

0.362+0.02Z""
0.35€+0.017%"
0.181+0.011%
0.367+0.012""
0.54€+0.01¢%

1.726+0.13%%
0.32€+0.02€™M
0.46€+0.091¢
0.472+0.03¢€%f
0.27€+0.03(9Nik
0.38C+0.044fn
0.382+0.01€™"
0.362+0.02¢Mn

0.98¢+0.061°
0.891+0.05C°
1.03€+0.082°
0.287+0.0129M
0.60€+0.01z¢
1.022+0.04%°
0.945+0.024°
0.604+0.02z¢

P value Legume types
P value Soaking duration
P value Legume types x Soaking durat

p<0.001
p<0.001
p<0.001

Notes:

Not normally distributed, therefore statistics were performed on transforrdath (square root)

Values are presented in mean + SEM (n=9), back transformed of square root values
Values with different letters are significantly different@t0.001

nd represent not detectable
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Table 4.2 The interaction of legume x soaking duration in the chymotrypsin inhibitory activity

Legume types Chymotrypsin inhibitory activityCIA unit/mg)

Raw Soaked 6 h Soaked 12 h Soaked 18 h Soaked 24 h
SB 1.53+0.03™°  2,53+0.07"" 2.94+0.07% 5.32+0.132 3.06+0.15%
MB 1.71+0.08Km"  3,18+0.05¢ 2.94+0.07% 4.28+0.07° 2.48+0.079"
AB 1.07+0.05° 1.83+£0.07Km 2.09+0.07" 3.00+0.08¢% 2.21+0.08"
CP 0.49+0.04' 1.61+0.05'™"°  1,64+0.08'M™  2.84+0.06 %" 1.48+£0.11™
BEP 1.15+0.07P 3.1C+0.06% 3.06+0.07% 3.83+0.10°¢ 2.76+0.07°f
HB 0.74+0.054 1.75+0.07K™  1.94+0.05% 1.91+0.09' 1.39+£0.08°
PP 0.78+0.04¢ 1.6C+0.08™°  1.39+0.08° 2.03+0.09% 1.03+£0.07°
BG 0.77+0.044 0.58+0.07' 1.06+£0.06° 0.75+0.04¢ 0.94+0.07"
P value Legume p<0.001
P value Soaking duration p<0.001
P value Legume x Soaking durati p<0.001

Notes:

Not normally distributed, therefore statistics weperformed on transformed data (square root)
Values are presented in mean + SEM (n=9), back transformed of square root values
Values with different letters are significantly different@t0.001
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Table 4.3 The interaction of legumexk { A y 3 R dzNdaniylas inhibkofy actiWns h

Legume types

h-amylase inhibitory activitfAlA unit/mg)

Raw

Soaked 6 h

Soaked 12 h

Soaked 18 h

Soaked 24 h

SB
MB
AB
CP
BEP
HB
PP
BG

1.991+0.14¢¢
0.144+0.004™
0.124+0.00z"°
0.08¢+0.001%
0.181+0.004
0.08C+0.000*
0.074+0.004°
0.22€+0.013"

4.252+0.09¢°
0.085+0.003"
0.084+0.00z%
0.067+0.002
0.12¢+0.00zc™
0.084+0.001%
0.08¢+0.0014
0.242+0.002%"

4.58:+0.09¢¢
0.10€+0.002°
0.094+0.00c¢
0.091+0.00z¢
0.135+0.00z™
0.092+0.002¢
0.087+0.002%
0.23£+0.0039"

7.401+0.272°
0.16S+0.005k
0.18%+0.007!
0.25¢+0.00€™
0.31¢+0.00¢&°
0.161+0.00EX
0.121+0.007°P
0.214+0.004'

18.06(+0.2322
0.16S+0.005k
0.18£+0.007!
0.25¢+0.00€™
0.31¢+0.00¢&°
0.161+0.00EX
0.03C+0.00C"
0.281+0.00Z'

P value Legume types
P value Soaking duration
P value Legume types x Soaking durat

p<0.001
p<0.001
p<0.001

Notes:

Not normally distributed, thereforstatistics were performed on transformed data (square root)
Values are presented in mean + SEM (n=9), back transformed of square root values
Values with different letters are significantly different@t0.001

95



The process of soaking is a common treatment for reduction of ANFs which
included protease inhibitors, phytic acid, saponin and flatulence causing
oligosaccharides in legumes, as all can be solubilised and eliminated with the
discarded soaking mediugfriaset al, 2000) Previous studies demonstrated that
soaking could increase the inactivation of trypsin inhibitors in lentils, soybean and
pea up to 3.6 % after soaked for 1ZHefnawy, 2011Xu andChang, 2008

Osman, 2007; Egounleand Aworh, 2008

Current finding®f increased in trypsin and chymotrypsin inhibitory activity, and
reduction in AlA after soaking period were in agreement with published studies of
Embaby (2010dndWanget al. (2008) They have reported a significant

increment of trypsin inhibitors in soaked lupin and peas during prolongedrspak
Martin-Cabrejast al. (2009)reported that the trypsin and chymotrypsin

inhibitory activity of chickpea, lentil, white bean and pimiottled cream bean
aAIYATFAO yit-anyldsgihiNddy acl/iy a Sighficaritly reduced
after soaking. This is because soaking might have caused reteffiombitors in
soaked legumes in which the structure of the intact seed could possibly limit the
removal of inhibitors in an aqueous environméBhiet al, 2017 Wanget al,,

2008. The increased of inhibitois soaked legumes could also due to low
leachingout effect during hydration, in which the loss of inhibitors to the soaking
water was lower than other seed constituersisch as soluble phenolic

compoundgShiet al,, 2017 Martin-Cabrejast al., 2009.

This had been observed in the soaking water of the legumes as the water was
slightly colouredand the coloulintensitywas increased with the soaking period

that indicated the leaching out of phenolic compounBssides,tie above
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