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Abstract

Background and Objectives : Banana Shrimp (Fenneropenaeus merguiensis) is one of the economically
important domestic species of marine shrimp in Thailand. Banana Shrimp culture has not been succeeded
since the lack of basic knowledge, including the specific shrimp feed for Banana Shrimp has not been
successfully formulated. This study aimed to determine the protein digestibility of shrimp feed raw materials
using in vitro technique with crude enzyme extract of shrimp larvae from protozoeal 1 (PZ1) to postlarval 60
(PLB0) stages, in order to establish the data base for Banana Shrimp feed development and formulate the
efficient shrimp feeds, which meet the shrimp nutrition requirements for growth and stage development, with
the highest feed utilization and the least of waste to reduce the environmental problems, as well as cost saving
and cost effectiveness of formulated diet for successfully and sustainably Banana Shrimp culture in the near
future.

Methodology : Banana Shrimp gravid females from the wild were transferred to the hatchery in Chonburi Aquatic
Animal Feed Research and Development Center. Shrimp larvae were hatched and nursed and larval samples
were collected at protozoeal (PZ) 1-3, mysis (M) 1-3, postlarval (PL) 1, 20, 30, 40, 50 and 60 stages and then
stored at -80 °C until analyzed. Then crude enzyme was extracted using 50 mM Tris-HCI buffer, pH 8, then the
supernatant was collected and stored at -80 °C for further analysis. There were 10 feed ingredients tested: -
Artemia, soybean meal, soybean meal hydrolysate, shrimp head meal, squid meal, fish meal, krill, yeast,
Spirulina and marine fish waste protein hydrolysate. For in vitro digestibility, Trinitrobenzene sulphonic acid
(TNBS) was determined in the feed ingredients which were digested with crude enzyme from Banana Shrimp,
compared to DL-alanine standard curve as pmol DL-alanine per g feed per trypsin specific activity. Trypsin
specific activity (umol p-Nitroaniline) was measured using 1.25 mM bensoyl-L-arginine-p-nitroanilide (BAPNA)
as substrate and p-Nitroaniline as a standard. For total protein was determined followed the method of Bradford
and bovine serum albumin (BSA) was used as a standard. The protein digestibility of feed ingredient data were
subjected to Analysis of variance (One-way ANOVA) and Duncan's New Multiple Range test at 95% confidence
interval (p < 0.05).

Main Results : It was found that for all stages of Banana Shrimp larvae (PZ1- PL60), the significantly (p<0.05)
highest protein digestibility was marine fish waste protein hydrolysate (MFH). The following ranks differed
among the stages of shrimp. On the other hand, soybean meal and soybean meal hydrolysate had the
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significantly (0<0.05) lowest digestibility in all stages (PZ1- PL60) of Banana Shrimp. When compared the
protein digestibility of MFH and fish meal, which is the main protein raw material from animal in shrimp feed, the
digestibility of MFH was 1.64-2.85 times higher than those of fish meal in every stage of tested Banana shrimp
larva. It was even higher when compared to the protein digestibility of soybean meal, which is the main protein
raw material from plant in shrimp feed, the digestibility of MFH was 11-22 times and 45-67 times higher than
those of soybean meal in PZ1 to PL1 and PL20-60 stages, respectively. For trypsin activity of Banana Shrimp
larvae, it was peaked at PZ2 and slightly declined in PZ3, but the average trypsin in PZ stages were higher than
those of Mysis and the later stages. The activity dropped, when the larvae developed into M1 stage, and
continued decreasing through M2 and M3. When the larvae metamorphosed into PL1, trypsin activity increased
again. As the activity defined per protein unit, therefore, the bigger the size of larvae, the smaller the trypsin
activity from PL20-PL60 stages.

Conclusions : Banana Shrimp, from PZ1 to PL60 stages, had the highest efficiency for MFH protein digestibility.
The following ranks differed among the stages of shrimp. Yeast, fish meal, squid meal and Spirulina were in
high digestible protein ingredients group, followed by shrimp head meal, krill and Artemia. While the digestibility
efficiency of hydrolyzed soybean meal and soybean meal of the PZ1 to PL60 stages of the shrimp was the
lowest. MFH- marine fish waste protein hydrolysate has the potential to be used as an alternative shrimp feed
ingredient, especially to replace fish meal at an appropriate level. It is a valuable use of waste, reduces waste,
and increases nutritional value. For the specific trypsin activity in Banana Shrimp, it showed the suitable feeding
for juvenile shrimp in each stage: - protozoa stage feeding on phytoplankton (herbivores), mysis stage feeding
on both phytoplankton and zooplankton (omnivores) and postlarval stage feeding on zooplankton (carnivores),
respectively. From the results of the efficiency of protein digestibility of shrimp feed raw materials and trypsin
activity in Banana Shrimp from PZ1-PL60 stages could be the guidelines for formulating the feed formula for
Banana Shrimp culture in the future.

Keywords : Banana Shrimp feed ; protein hydrolysate ; shrimp feed ingredients ; trypsin
*Corresponding author. E-mail : tanibua@gmail.com
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10973U%u uwaz Punauldshivluansaimeulosd

NITATNTAOAL

PdmpauMmiuwvaldsfunldlunisAnenasail 10 9ia leun a1sls nindawans nandawiaadlalng-

latan Wordetlu ulnilu daniu a3a 846 aldgaun wazhilsfulalaslaiananiawilamen Tnaindngauun
= : . = = = a | .
UAAZIBELALATIBUNIUATINIIUIA 500 THAsau inasaAnss@ninnnistieasialyl

n12ANs2AnsnInnIseias TlsAuaasnARA in vitro digestibility

FainnAuNuAazIBan 20 AaANFN LAN 50 mM phosphate buffer pH 8.2 311613 40 Hadans uaz 0.5%

1
3 Gl

Chloramphenicol U3u104 0.2 Aaaans nanldidiuaae Vortex mixer 1n litinmqaimsatinuuuiaen (Shaking
incubator) Ngaungi 37 avAtaaiiaa uoan 24 4alus tiudaatng 0.5 1adans tialdidudietnanruau
(Control) H1#28eaNwaan AN 178 nLewlaMnsuAIfanssuan Iz eeeyis Ty nanliidniuaag Vortex

mixer 11 ldUnsaeLATaILUNKULLAEN (Shaking incubator) NamunR 37 avAwtaided wuan 24 f2lua 1Ay

q al

o '

frating 1 Dadans uazthiednadanaaniandanmetnsrauauduluiniieniudl unan 10 unit udauguds
it -80 avrnraiFua ievnansewlsiioun (nyndfisan) uazsaninirl 4 lunszuaunissiely Anwn
Usz@nsnmniselesTisfiulaen9dn Trinitrobenzene sulphonic acid (TNBS) ﬁiﬁmﬂmiﬂ'@ﬂf‘fmqaummi&’m’
Auauladainaingnis mu3sues Rungruangsak-Torrissen et al. (2002) f‘fmmmi@.ml,mﬁ 420 nm (e
1/31104 Free amino group Lﬂ?‘ﬂULﬁﬁluﬁUﬂi‘ﬁWu’lm?ﬁﬁumm DL-alanine (DL-alanine standard curve) AN AN
se@Ansninnisdealdsiulumiag ymol DL-alanine AeUINN48MN3(NTN) AeAANITNANIZVR9YTUTY

N12ANMINANTINAIUNUBNNTLTY (Trypsin specific activity)

AAINTUNANTINANNZTB9N3UTURNATN7289 Rungruangsak-Torrissen et al. (2006) lagld 1.25 mM

bensoyl-L-arginine-p-nitroanilide (BAPNA) 1JuduaLngn (substrate) azana’lis 5% dimethylformamide wazdsu

¥

13u1m9A98 0.2 M Tris-HCI buffer, pH 8.4 fmmma@mmﬁ 410 wrlwiums (nm)(A,,) Inednl s Eusu

410
(initial reaction) n1elu 10 3wl WrAnsasulasaas A, #93u7 118519n31M5E13191987 (WU X) UaE
A,,(WN1Y) LiNamAT slope WAITAN slope uifFEuLis Uiy p-Nitroaniline standard curve LNaMATLEN T8
p-Nitroaniline MAATUALIUNT LALAIUILANNANTINANNIZBINFLTU UMY umol p-Nitroaniline sadalusie

Faansulilsmiu

n13A 12 sl luan 26 a1

AagziflFunmldsiulueuladniudsaes Bradford (1976) Taeld bovine serum albumin (BSA) 1l

ma‘@:mﬂmiﬁumm@gm
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NIUATIEATDYANNATE
ﬁ'}mﬂa‘xaw“ﬁm‘wma‘ﬂﬂﬂiﬂ?ﬁu‘luimqﬁumﬁLquﬁmwLLﬂiﬂmuLmumuﬁm (One-way ANOVA) WAz

a v

WRLEUANNLANANNNNED AAA8R 5989 Duncan's New Multiple Range test N1szALIANNLTR311 95% (p<0.05)

Results

1lse@Ansnnnizeine 1/shu

'
o

dszAninimnistesllsAuesdeuatitaszaz tlslagide 1 D9 Inasfansan 60 Ndeadngavnlineaey

9
me‘

10 483 laun a1fdla nandawdes nandawmaeslalaslaan safelu wiindu dantlu Aza das alig@un uay

Nsnulalaslanannamslaimeia (Figure 1 - 2) wudnfauwataadadeussazllsingiae 1 D9 Tnasasan 60
Hlsz@ninmnisdenlusiinlalnslamnaniawlamenlinngs atnalitiudAoyn9adis (p<0.05) Sududaun
Haornunnseiulufeuadosusazszas denldagdidludendrdnlluazuanslu Figure 1- 2 Tuanza

Use@nsninnistes nandauaeslalaslags uaznindawaes sssfeuaitadodausvacTilsingiae 1 0

| '
o A

Tnasian$a1 60 AAAge Wasulsc@nsninnisdesaasllsfulalaslaiananniaslaimziaiulantlu
fedudmgiulusfundnandadildlunisuanaadslutagiiu nudn fdssdninmgandn 1.64-2.85 i
lunnszezaasfausie wiiedionsy nndasdes faduingaullsfunsnanedanisanfiaildnanemeds
wudn Wsulalnslaiamanniamlamziaiilsr@nsniwnisdaagendnie 1122 wih luszuzllslngide fa
Tnasiandan 1 uay 45-67 win TuszazInasianian 20-60

g mfulsz@nininnistesllshiuresingauainislugniauaticausazszay uanaldfa Figure 1-4

nanuieuansAafe uazANDELUUNIASIFU (standard deviation, SD) fagnmsnniLuiens W llmleuiu

v
o a a o

WAARTINANINLANANNTDNAN DAL BE TR AT AR (p<0.05) NstiaelAresingAunie 10 18a Faeainuan
BIDGH LS
wulaeesansuesgnivezazilslngas (P2) Husz@vnsnmnisdenldsiiululdsminlalaslaanainiew
dameia gegaet i@ Aty eaia (p<0.05) sasasunlaun s Uantl nilntu vatetlu ensidle aligaun
a o oA o A A, e .
p3a dounindamaes uaznindawaeslalaslaanidsign (Figure 1)
wuladtenaiuisresgnivssazluda (M) Huse@nsninnisdesllsfululdsiulalaslawnainiay
Uanzia gagaat 19 lTE&Anynneana (p<0.05) savasunlaun dast Uatlu wardetlu aldgdun niindu a3a
2157y dounindawmaes waznindowaedlalaslaianiaaga (Figure 1)
enlmftionannsuesgnivsrazinasiansn 1 (PL1) Hlss@nsnmnistealisiululdshiulalaslaanann
wirnlanzia geanatnaliadAtyneatia (p<0.05) seaasnlaun Bas alusaun danilu niiniu wadeilu Ada
o= A o A o A o o .
8157l nndamaedlalaslaen uaznindamaes AuaAY (Figure 2a)
wuladdesainnsaesgnivszazinadanson 20 (PL20) Hise@nnnnisdesllshiululisfiulalag
latananniaslainzia gegaatnaltadAnyn19ads (p<0.05) savasunlaun gas ullndu Wadedlu dantu

alilsdun A3 a1l nandawasalalaslaian waznindowaes muandu (Figure 2b)
e —
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wulnftonanmisresgnisszasinasaisan 30 (PL30) Hilsz@nsnnnisdenlusmuluilsiulalnslaian

o o

anniArlameia gagaatsliedAtn9ais (p<0.05) sasasnntaun Basf aligaun viaderlu udindu danilu
A3 g9y nndawiaedlalaglaian a1l Lmenﬁqmamﬁmﬁﬁm (Figure 2¢)
wulnftionanmisresgnisscasinasansan 40 (PL40) Hilsz@nnnnisdenlusmulullsiulalnslaian
aniAElaINze gegaatnaltidATYNNAnR (p<0.05) sasadunlaun allgaun gasf wiindu dandlu diadelu
f3a ol daunndawaedlalnslaian memﬂﬁlﬁmamﬁmﬁ?ﬁzgm (Figure 2d)
wuldtiasasaasgnivsrezinasanson 50 (PL50) Ailsc@nininnisdealisiululisiulalnglaan
anniArlamzia gegnat19siitd Ay 9ans (p<0.05) savasnn i Bas wintu aldgaun dantlu wadedlu
f3a a7l daunndavaeslalnslaian Lmem‘i‘Jm%mﬁﬁﬁmm (Figure 2e)
euladeiasansresgnivsrazinasiansan 60 (PL60) Hulss@nininnisdealsiululisiulalnslaan

aniArlameis guanet19liEdATYN9ania (p<0.05) savasnnbiun ulintlu gas allgaun dantu Wardadu

' 1
o a o

p3a a1l daunndamaaslalaslan uaznindamaesilensnga (Figure 2f)

4 o

Auiudsrdnininnisdesllsfiuresgnisntesdngavenmisusazatia aviindulaszazaeagni

q

a '

wWanull anszez PZ1 esves PLE0 azildsz@nininnisdenllsfiugau Awwansly Figure 1 -2 ansnaeng

Y A

\iu Aade (+SD) 1evlsz@ninmnistesllsAuaesgnisndesllsiinlalnslaamainiasdaiman lugnia

q

gzl PZ, M, PL1, PL20, PL30, PL40, PL50 U8z PL60 JAWWNAL 4.57+0.20, 16.35+0.86, 15.98+0.59, 45.97+1.42,

129.33+2.36, 161.95+2.20, 231.44+1.10 ua 215.05+2.09 ymol DL-alanine AALUTNIUANUIF(NTN) FBNANTTH

AUNZUBIYI3UTU AINAIAY

Protozoea Mysis

| cd c —~ d
a
t 1
b b w ] T
d a f ¢ g a9
izl : | i
- - L}

Figure 1 Protein digestibility of Banana Shrimp, protozoeal and mysis stages

Note : The bars presented were means+SD, the bars with the different superscripts indicate significantly difference (p<0.05).
Feed ingredients were Art=Artemia; SBM=soybean meal; SBMH=soybean meal hydrolysate; SHM=shrimp head meal;
SgM=squid meal; FM=fish meal; Krill; Yeast; SPI=Spirulina

and MFH = marine fish waste protein hydrolysate.
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Figure 2 Protein digestibility of Banana Shrimp, postlarval 1 (a), postlarval 20 (b), postlarval 30 (c),
postlarval 40 (d) postlarval 50 (e) and postlarval 60 (f) stages.

Note: The bars presented were means+SD, the bars with the different superscripts indicate significantly difference (p<<0.05).
Feed ingredients were Art=Artemia; SBM=soybean meal; SBMH=soybean meal hydrolysate; SHM=shrimp head meal;
SgM=squid meal; FM=fish meal; Krill; Yeast; SPI=Spirulina

and MFH = marine fish waste protein hydrolysate.

N12ANHINANTINAUNISYBNLTY (Trypsin specific activity)

Aanssnanmnzaessliuluiuaiaescaslustngae 1 Delnasiandan 60 lduansldlu Figure 3 aziin

IedAanssuanzaesEliulugniaiiaidgegaluscasilslogae 2 uazanasdndesluscaslilslanas 3

a

wilnegsanudananssnanmzysliuluszas lslnmaairngendnszesluda uavszazser) 1 InaBuanauiie
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aniaimuingsvasluda 1 uazanasatnasiaiiioslusras luda 2 uar luda 3 Wegnijulasuidngszes

& - '

NAFATIFIN 1 ANNANTINANI VDIV FUTIANTUANASS LilaaanAINanssNa i zaaaw i in3UduAa Ly

D

v A <

Arsianiaalilsfin deiudegnisdauinlngauiaciAfianssunidiudanasainszazinadaisan 20

q

felnasaFn 60

Trypsin activity
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Figure 3 Trypsin activity of Banana Shrimp, protozoeal 1 to postlarval 60 stages

Discussion

lunsAnuasall Ussdnsnnnisdaslilsfnaesdeuatoascus Tdslngade 1 09 Inasanfn 60 Ndas

o

noAunldnaaay 10 9da lawn eafle nandawaes nandowaeslalaslaan Wofdelu niindu danilu p3a
fasl aldgaun uazhilsnulalaslaananniawilameia (Figure 1 - 2) nudnfaurinededeuscaslislng e 1

dalnasanson 60 Hulsz@Anininnisdesldsiulalaslaianainiawlainzialanngn Wasainilshiulalng-

a

laL@nannLAM AN AN WAL UIUNINENNLATU Usznausas nenaziluaasy 1Wdlng wazldsAuny

v o o a

WUIALAN (Buathong et al., 2019; Klompong et al., 2007; Wu et al., 2003) 8uaLiAN1NANLANFAAWlugNTY

wiazszay Inedl gas Uantu wlniu uazalizdn Andudngavldsfunidesladneg munidae safelu ada

Tuanzilse@ninimnistes enfils nandamaedlalaslaan uaznindamaes sesfuaihedudausvezlisln-

a

788 109 Inasia151 60 HAA4A 39 ladnoi et al. (2007) laAnwntsdesldsiulunaaannaesaasingau

q

21913407 Insanmeuladaanann uatihinunuesea nezimny uazanldreadanaian nan1smaaeanugdIng
tloalilsfiu Faearduainunliides Taun daradnn Imnguau alisdun uastias dwaseiuiunisfineaes Lee
& Lawrence (1997) wudnanlasfaasianaisnaiunsndaslisfiuain tadu nngueu taniu uaznindamaesly
d o 1 v a a 1 a % 4 v &V
AINANAL 491 Pongmaneerat et al. (2003) lanagaulsz@Anninnisdeslusiiulutenaiauasieuaion a9
Frgavesdnduaiia Tiun Uatlu nandawaestluannlesdiu Inngew drqlwarluy sadelu nszgnilu uay
uinilu Ingindpgauwandumaunuladulugnsanmis wudnieis 2 18aaunsodesdsfivainianiu uay

]
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nandawaestuainlasiuldandndngavatinguy navesnisldllsinlalaslaanaindanainluaisdndin
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N12ANHINANTINAUNISUBNLTY (Trypsin specific activity)
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