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Physicochemical Properties of Apple Snail Protein  Hydrolysate (Pila

ampullacea) and its Potential as Flavor Enhancer
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Adwiraci—Apple snsll b a sovroe of anlal proids et bas =
high ennugh prodon. Protels con be hydrolvesd by nabernl
precesss. which one |s hromeloin. Engymatic hydrolysis can
produce hydrelysale: ontaining peptides sniffJhine scids 1ha
contrihude jo wmami jeee, The porpose of this stedy was ba
deternne  the effect of hydmlysis dme md  bromelnin
eoncentration an the physlcochembenl propenies of apple snai
b_ﬂ:h'-lljnu.'lhnaltlrlll result by thdssindy were used 8= noioral
Mavir ephancer. This dudy used & compleatey reandomized deslgn
with twa faciors. Factor | was the hydrelysis time (6 hoors, 12
o, and B8 bown) aned facior 11 was e conoendr slion of (he
hraomelaln (5% 1% pnd 18 %0, Reced on the resslis shaowesd ihnt
apple snnll hydrolysate was Infloenced by hvdmalyss fime and
hratmekin ospcendration, The optimal eesalt o Chis stody was TR
hour  Bydredvds  dreabtment owhih 18% bromelnln onzsome
eonceniration hsd o vield fHI08%, digree of hy drolysis 7208%,
s ulde prodoin WOF %, lolgd pepride LRE maiml., and glulamis
acld WTAT ppm. The applicsllen of apple il proteln
hydredyssie  glve characieristics of Maver enhamrers os fellaws:
wluble prolein TP6%, putamic add 9942 ppom, . slubility
I waler absorpien 530 mbag. hedhmic st caler 4,00
dnaenirad |, armoms 5068 (ke slighdly i and tnsie 510 08ke sHghilyi,

Keywondy—Apple suadl, prodoin oebroireedr, bromelein, Mewer
ey

1. [N THOGDUCTION

The apple snail (Pilie ampeieeedd is 0 feshwaer molluse
Alea sl fonnid 0 paskly ichls, dverns, saamps, omd lakes,
Apple mnuily are often considered as pests thol cim mechice
agriilmral peaduction in Indonexio. The damage due 1o snail
pests can reach DA the sonils nesd o ke pemoved o
maaasped further | 1], Even though i s considered as pest, opple
agila have & high netrtionsl costont o fllows 1067F
pregein, T 320 water comtent, and 55445 ash [2]

Hydrodvais process depends on the conditions dusing
hydmalysis, According o |3 physcochemical properies of
prosein hydrolysme ase ailecied By the depree of hydnalysis,
subsarate nypes and protesse encyme. One of proace®® enzyme
thas can e usad for proten hydnalyes iz bromelain, BEmmelain
is 0 profease enzyme found i pincapple dAnmoaas comoss Loy,
Bromednin in pincapple flesh is exist from inmaiure ol unl

4

the Tt is rlpe. Bromelan -Hullga por e sulflpdey] proteass:
enzyme poap which de ahle o decompese the molecular
sirpciuse of progeins oo amisg acids (4] The optimem
conafitions for beoimeloin eneymatic reaction oy ripe
pincapple flesh were pchieved ot pH 65 0 a lempersture of
S0°C [5], Im achfiiom S0 cneymes, Bydolyas process s alao
influenced by time, The longer lydralysis time can provide
time  for prodcose  cneyme fo Avdrolvds  the  substrobe
o by pe pitlade b anvo pepidies aned free anino acids

Protein hydralyspss con be used as fmvor ephonges dig 10
iis short chain pepaides and free aminge seids content, especiolly
gluamic acid which conmrib@ 10 vmami tie of precein
hvidmlvsate. According o [6), glmamic acid was kighly aomoun)
in all the mollnse speeies, bosed on the suidy shews that agple
sl (Pl piodoser) as gluammic aeid omiem 5, 0%. Seeeral
stmidies  reloted o favor enhoneer  prodects frome pkzin
hvidmlvsoies have been cirmed oul sueh as flavor enhascer
from jellyfish prowein hydrolysaes | T] commaon barbs fish [8]
and@peid [91.

This  shady  aime W deforming the  phy skochomicul
Bcpemics of prorein hdmlveate based o0 the effes of
hvdmlysis time and bromeloin enzyme concentmtim, The best
resuliER this stdy can be used o produce flavor cnhasces
froim apple snell prosein hydrolyvsme, The resall of s sy
capecied to enhonee the eoonomic value of appke snoil ond the
Mavir enhancer cin be apolicd to edher poocesiod products.

I MEATERIALS ANLE D THONES

A, Wseraly

The msicriols wsed wors apple snls LPEr aeypeifooemy
ahtaingd  from Tebel, Sideago, Indoresia, pinespple fruw
aribic gum, malodestrin, salt, gadic powder, sl sopar. The
chemicals nssd were spisdess, bovine serum olbamin (Mesck),
MaldH (Merck), michioroacetic aoid [Merckly, Cusis (Merck),
WO (Merck), phosphae balffer pHl 75 (Morck)d, NaoCOe
iMerckl, Mok wrirae Mesckl, ninhivdrin reagest (Mesekd.
Kjddabl mblea (Mercky, Follin Clocalien resgent (Mesck),
Felly (Menck), asootbic soid (Merck). casein (Sigma Aldrich).
L-plutamme  dSigma Abdch), L-AAywesine 1Sigme  Alkrich).




DFPH (Sigma Aldrch), 96% ahanol (Faellline), methann
{ Pulltine=p, s K JFeiCMis] (Pudakcy.

B, Poaedee
Presdecthe eif comdle Sroame fdin el Ve eLiGeT

Pincapple fruil was peeled 1 washed clean and ool inla
small pieces. Then, the eshioof the Frudl wes mashed uxing a
bleader with the addition of aquadest {150 The oushed
pinzagpple was then Filered with a fler clogh. The flinale was
filtered apsin using filler pape fo oboin onede Bromeloin
emayme extrind imd was palyeed on the emayme vield [E0]
anil profease activay [11].

Prodiwction ey pdrodvrate protets from apple snaid

Apple snadl meat wis woshed with flowing witer and then
weighed HN g (Fig. 1h Mexi, the meat was mixed with
acjuadest (2:F) amcd mashed] using o Blender. Funhermore,
brmelain enzymes (5% & I5%) were ackled o the
nuizbire awl hredrolyecd ol 50°C )G s, [2 hours, aml 18
hoars [41]. The eneyme was 1|'|Iﬁlln'| at BFC For 15
munudes. Supematanl were separzted by centnifugation at 3HK
prm for M) mizatex. The supemaotant was sieeed inoa
refigeraos. The prodcin hvdrodysase was ansivesd on weld
[12]. degroe ol hyslmlyas [BL salvble proein aentent [13],
peptide cozcentratian [ 14]. and glutanne acid {15]2

1KY ¢ of apple snuil meat
|

W
Blenc the meal with aquaafes) (221

¥

Al hromelam ofBYmes (5%, 10%: md 15%) and
hydralvasd o 3050 o b hoors, 12 hours, @nd 18 Bovirs

¢

Inictivale e encyme at BOOC for 1[5 manules

b

Sepanibe the misiure by cemrifegabion 20 MO0 rpm for
A i nutes

&

Snoil proscin hydnalysale {supemaient)

Wi |, Pl bar o 3nail prodiein hiakeolssiie prodiccien
Prodivctien lover emfarcers frem proveir rdrotsaie (best
rExuitl

Takee 805 of ropomotnd undd mised with 1% of the gum
arabic amifl matecextrm (1:4). 1% sugar, 0.5% ali, 00545 gadic
povwcler, wmo ghen mintured by megenetic stirrer (00 ppm, 20
muinudes). Nexl, the mixiune dried in calianet deyer at 6800 ke
4 hairs 1o obauin flavor eshonesr powder. FIAVOT enninneer wias
amilywad oo saluble protwin content [13], glutimoe ocid [15],
solehility [16], water absorpion [17], and organalepic using
hedonic lest | 18]] 19f

. @yuinstes] Aneiysis

Thiz study wsedl o completely randomized design (CR1D)
with two fectors, Foctor | waos the habrolysiz dme (5 hoars, 12

hours, amd P8 hoursy and facior 1T was ke concengradion of the
brcameelain (5% 10%, ond 1349 b, Each sampls was mensured in
wriplicme. The dain were  processed  wsing ANOYA w0
deternine the effect of each ifment. Significantly diffeneni
resulis were forther ledol by Dumemn s Meltiple Boope Test
{DMET) 5%

1. EESULTS AND DISCLISS N

AL Crommpoartion af Ko Helermaily

The mein mw materials used o this spudy was anall Aedh.
Anayss on ihe snnils flesh e proximate analdysis which
includes moiswre coniend [20], ash coafEB). and prosein conent
11.2]. The resuhs of skl Thessh analysis ore shows i Tables 1,

TAELE ] T CHNPOsTE OF SN0 s
Compemnimdds Compesitiom (%)
Suoisture TrLHi £ 043
Ash F13 004
Prodein FR0d £ 007

The content of smails flesh ohlained the Tolkowing resalis:
mztee 7130, ash 3155, amd protein 1904%:, These resulix
are slightly higher than [2] on the provimese compostion of
apple snail which meodseme comient wis T633%, ach 554855
and protein of W0ET%E. Differences nesult could be cansed by
species, age, season, netntion] vilwes and  envircementul
conditions that affect snail commposition [21].

Higher mwistuse contend miy due to diflaem see of snails.
gy, ol envirommental hibit§Eigher ash content may due o i
habilal., Accosding o [2]. the aquatic ssails obsorb mone
mizerals from Wl a5 rivers as chemical wase effuent o
aome miEiies may inoncass e abmsduss minemls in the
walpr. Highor protoin costont may duoe fo the eeding hakbits.
enviranmenial, aml pre-tezsiimend process, In this study, shells
and flesh were separded by boilng in few minubes, while [2]
asing ddivdraed process inoonoowes (6000, 24 howrsy which
iy cimises protein deisinred sl e protein comont ec g
lovweer,

Im adelition b snoil, the muin sw misterial whach impatan)
in this sudy = omide bromelain L-mmmmlrﬁi:- ol erde
bromelain eneyme is a yield and protesse activity. The results
g alwrwn im Takble 2

TABLE 11 T Ao Ly 5 i Ceeme BRovee e Fxeysin
Furamelers __ Resulis
Yiehd (%) T3R5 + (30
Prosease activity { Unitsml) TSR

The resules sherwed that onude enceyme brome lain ohiimned a
viehl TR35% md pridee 'ril]r LHD Lhige'ml.  These
realis are igher thian [22] on the bromeluin enzyme activily of
pincupple Mesh, whick s 471 Unitsiml. Dilfemcmces in resalls
wiere due 80 severl Tactors. such s ape and masinby level of
piru:aqzal'.lt'ﬁ 123 dined that the level of masrily greatly
affects the proledytic activity aff crude bromelain eneyme from
pineipple frnl. The more pineapple = dpe. the more the




broemelzin enzyme conlent will be B othersie:, acivity
ot o eentein level of moturity

B Degres of Hulrolyais

The degree of hydralysis (D10 is 2n imponant prunetes
coniral  the  hyidmly<s process [A5], Cormelation  belween
hydralysis time and Bromelaiz eneyme concentrtion an DE of
apple snail projein hydrody saes are shown in Fig 2.
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DH imdisaics e poncemags of pepids bonds e leass)
dumng hwdwaly<is. The nesults af BE 0 this sy weem
beiween 4184 w0 T20%%, The resalis were higher than [24]
which apple snail hadrolyeed By papain empme have DH
within 2373 o €0.29%, The longer hydrolvels tme can
proicke i the: hromelain oueyne o woek optimally 15
bregk doavn pavdein into short chain pepices md amino peids
B as i incresse 1he DH

[35] samed that degree of hydmlysis is inflcoced by the
elfealveness af the ey i 0 Bvdialy ge limernlet ks paotein
puptides. D mercased when the concentrdion of bramelain
emayme  iscressed.  some peplides were releasad]  during
hydmolysis by enzymes imo smaller amino acids and pepides
clue o thee incregse of Broinelain concentration | 26],

i3 1"|‘r.'¢|'

Yichd iz & paramcter thal relansd o the effeivemess of the
hydmlysis process which indicales the amount of hydralysis
jprosfucid. Correlation batween hydnolysis time and beomeloin
enreme  onceptrtion on yicd of opple il peotein
Iydnolysates ans shown in Fig 5
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The wield in this sty ranged between 53854 o0 GRE%
which highesr than [ X7 on goklen spple snail hydrody e using
2% of alealns: cneyine and 15% miw of hydrolyss tme s 2
wvield 1261, The differences of the viekl may due o the
species of smaals, ype of encyme and comdition of hydmlysis.
Eacly snail has diffences amomt of proten conten unid the ype
of eneyme that relared o dis nﬂ'enl:,ni:: activity and clesvage
site. [18] staled that  wield was influenced by substrate ox
profeas Dpe. pH oand mcubstion fempersuse. The [onger
hyvdralysis process amd higher emeyime concentration wsed can
B:nu:i: the wiehd of pratein hydralysae. According 1 [28].
H'lc:'rl;l.lrﬂ:d'pmm:iu the now maberial ancd concition of
hydmlysis soch as enzyme comeenimtion asd kydmolysic lime
can affect the vield of protein bydrolysate,

LY. Bedulsle Provesn Comenr

Saluble pnsein comlenl = oo parametor that shown the
prosein released after hpdrodysis prooess which can be soluble
in hydmolysale., scuble pocin can be hydmolyeed mlo
sixlihle protein by using prodease ensyme o meleio shont chaan
peptides which have hedrephilic side. Corelatem  balween
hyvdrolysis tme o bopanelain eneyme concentration an
soluble proadein of opple snail proisin hydralysmes ane shivsT
in P 4

;F-”I 1R Bge 4‘“‘”‘ 35‘"' e (130
: # 11]- T4
E §
e ® 0%
g : W 5%
i

Hydredysis Time {Huar)

i - Hem vfilEnl (] kem il ¥ Yulh
4. Seluble pu of wraill ke hiderdeiae with hipdas]
g urel Pneocien monnc awiveniniin

Bared on e Fig 4, the soluble protein i this study were
between T21 o 9.03%. The resull in this dudy werne higher
than 297 on apple enail hydmlysste tremed by papain encyme
35 amd 1P for 5218 hours) hove soluble protein 2256 10
7.3%, The increase of hydrolysis time and bromelain enzfE}
conegmraion cowses increase of the soluble protein coment dse
fo the reess: of bvdrophilic peptides and amine acids.
Hydrophilic aming acids con bind wader, so the shom chain
prcaeing can be wluble in Fydrody e, [30] smeed thar preiein
hvdmlysis con ceuses insoluble prodgin fo hecome solable
proeein. The lomper inesbailon time gives e enzyme on
cpporienity 1o longer protein hydrolysis proces, so thal more
prowsin wie hydrolyed inbo witer-saloble peprades und amin
acids.
£, Total Peprade Concemration

The longer hydrolyes process with the Righer encpme
comcentratiom cosing the more pepbides releawed during the
hydmlysis due w0 the adivity of Bromeliin encpme wiich




1
brezks the peptide bomds in the grotein inba smaller peptide
moleowes. Comelation haweesn hydmlysis time aed bromeloin

ENZEvime concenimation on il pepide consenirasion of apple
snail prodein hydrolysales are shown m Fig 5,

2 - mm-
g0 QM-HJH.W’" 0411 11 54
ZESE 813
£EL6
EEE4 i
Rt " 5%

L

Hmh'mTiﬂ[}[m-:l

Pz, 5 T pepti ke oncesy s of sreidl proges hydrobyseie weh hpdodyss

B sl i laio sk o asis nindam

Bussed an Fig 5. the resods of toaal pepride coneentration in
ahis =y were 525 o 10084 mg'mb. The results were higher
Al [ L4 b poiies curp O e vresed by Cavourzyme (5%, 6
howrs) have peptide concentrgion within 4.8 10 7.2 mg/md. nnd
highes iheam [ 28] on catfish the treated by aleolase and popain
engme gave the resuli of peptide concensmbion within 0.40-
To1% megf il md 45.35-5.70 mgm L

The imcrease of pegtide concentration s due w the
clegvapad of peptides  bond 1y bromeain  enayme during
hydmolysis process and obtnined small molecules of pepiides,
Total peptides are relsed wo degree of hydmdysiz, [ 3] staed
thas the longer hpdrolyss and the higher protease eneymes
wred, the higher the ree of the encyme resction, which meiuns

mare peptide bonds are @dmlyeed. Acconting o [32).

comcenimtion of protein s related o the specific activiry of

profense cnpymes, Higher spegific proicsse pctivity ofipin
higher DH and pepride solubility, sesuking in higher protein

coldtEnrmlion.

Fo e Acicd Comnfen

Hydrodysis process released the small pepaides and amino
acide, one of them i glmemic acid. Correloticn beroeen
hydmolysis e snd bromelain ensyme cofcemralion om
ghutamic acil comtenl of apple mail protein. hydrolysa2es are
shiewnin Fig 4.
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Fad. b (e seal ool of sl peeken hydndyaaie wal by deolyss:
e 2l e e o en @B cond nldaen

The reselis of glutamic acd = il prdein hydmolysste ane
within 77T9E s 10747 ppm. The resulis wene elighitly higher
ihan [24] on apple sl hydroelysse remed by sme hvdnalysis
fime azd papain enxyme (5% amd 109 have gluamic acid
7795 v W20 ppm. The differences may due o the type of
engyine that has differen proteolytic acuvey emd specilicicy.
| 3% stated that the mminn aeld compaosiion is affected by the
profein  sobstnibe,  proleslytic  ermoyeses. g hydrolysis
conidition.

Increzang the hydrolyss - time and  bromelan enzyme
camcenraton can help the proccss of bhreakiss down mone
peptides and free amine ackds, tme of them s &e glulamic
acil. This is supportsd by [24] that increasing the encoyme
concenirabon il hvdrolysis time nesulied mare free glulamic
acil in the hydrdysae. The longer hypdralysis time can help
profein degradation o prodece small fropgments of peptides
and {ree aming ackls. The free glotamic scid in the Sedmlyate
may ot gk @ savory end Mavor enhancer, Protein Byl yste
can be clevelope 28 a flaver eshancer,

L. Pleedcochanical properties af Ravor emharoer fram apple

@ hadredrate

Based on e mmalysis of hvlaolysae choracieristics, the
s, rosulls off the analyss woro 18 hours hydralyss timo and
15% boomelain enzyme concenratimes and used as a {laver
enhamcer pwder. The physicochersical properties of Maver
enhancer prwader includes of solable prodein contes. glotamic
achl comenl solwbiliny, wates ghsonpion, oo bedomic es. The
resilis of the  physicochemical  charscteristivs o Mavor
enhamcer poyder cin be seenin Table 30

TAHLE NN,  Porscociesecal P misor FLao e Exasscm
Mrsmelers Re=suliz
Suslubile prodein conlent (5] T oo A
Gilutnmie acul congent {rpin 122 £ 0177
Soluhility (5§ DA 0L (1 My
Water abaption (mlgl 560+, M

Euwed on Tahle 3. the resehis of phydcodwmicnl propenies
of favor enhancer was slusle oiein 7.76%. gletamic wid
9922 ppos, eolubiliy . T9%. and waser absarption 550
mbig. The saluble proteis ol favor enhancer was 7785, The
fomilt wos lower thas | 33] on fasvor ephonoss powder from
inferioe fish hydmlysare which hes soloble pretein levels
ranging from T.93% 1w 21080%, The glotamic acid of favor
enhancer wis 9942 ppm, higher then |9 on flaver eshoncer
Tromm sguicl hoalroly s which has gloamic acid 745 ppme The
differcaces may due o type of ensyme and proiein conbent in
auhsirate, Soluble protein and ghaamic ack coment on flavor
enhancsr was slightly bower dhan bivdrolysse, Crekss in
suluble projein and phiamic oeid levels can be coused by the
desruction of some peprides and aming acids by ihe drying
process, Acconding o [34) dhal heating process can - dovsgpe
gl acids where the resistance of protein by hest s clossly
related io jis sequencss. o ihis can couse decrease in protein
conbent.




The wlubility and water absorprice, iz this gudy were
e 100 ond SR0 mlyg, Solobiliny in this study wad lower than
[ which has a sslubility 97 05% . Waner absomption in this
study compared o [35) om bony karh hvdrolesile powder has a
witler absorplinn 3.1 mLfg. This paramelers were related o the
sileble protein comemt of e hydmolysme, The higher ol
salsble prasein mnd the higher of soluhility due o eneymaric
hydmlysis causes the inmease of r-:||'.|l'rili|.' group an the
hydmalysate. Avoording fo [36] that encomatic hydrolysis may
recloce the molecular weignt and release more hydroplilic
groaps and soluble peptide wikich comtribate wo lgh calubiling.

The argimoleptic chamuterisics ol Aavor enhinoer powder
wits alu carried at using a hedonic test. The hedomic dest uses
T owales (dshike very much, dislike, dishike shghily, neuiral,
like slightly, like, amd Hke very much) and was assessed by 20
wemi Arained panelists, The parometer in kst inclodes oolor,
aroma, and ln:nmrl:' lavor  enhancer o apple  =nail
hychnalysate. The results of the arpancleptic analysis of favar
enhanger povdler ime shown e Table £,

TABLE IV I P, TEST OF FLAYUR ESHARNCER
FParamsiers Results
Corlor .10 = [ .02 (Mevdraly
Ao 05 00 (Like slighaly)
Ttz 5.0+ 102 ¢Like slighdly)

Based om Table 4. the resulis af hedonic lest was color of
S 10 [newtraly, amoma 5,15 (lde dightlyh, dnd e 500 (like
slighdly ). The value of preference Dor anoma amd fude 1 higher
thaa colur because aroma aml tese play an aponam rele in
Mavar enhancers. This is in |||:\:cnla= with |37] which stated
ahut delinition of Mavor enhancer based on Begulation of the
Minister of Heakh of #he Repoblic of ndonesa Mo
Trandenkes PerIX/EE  thod Food  sddibives, favorings and
flavor enhancers are defined & additives the can provide, sdd,
o emqhnsize Tt o aroma

The guatity of faver enhancer from apple smil bydeolyate
is orange:broown in onkor, has a svory and slghely fshy oroma,
amif fuslcs uImami, F'-E unel bitber slighdly, Baier slightly in
Mavorr enhioneers ey doe i e released of bydwophabic anliih
acids thal contribale W biter Lske, (58] saled the the
hydrophohicity is an imporiand facler hat alfec bilfemess in
hydnalymie, The hydmlysis precess procloces poptices unel
armkini ocicks, whene ose of the amine acids tha: contributes 10
the formatiom of 2 savory md umami lasteE)elulimic acid.

Thee Fommatisn of fhese characleristics can be cassed by the
Maillard reaction berweea peptides and redocing sugars from
fillers dering the drying proces which rodiees & brown enlor
anl s savory aromp and teste, Acconding o [31] thar during
ihe hyedrodysis process ghe peptide bend  severance by the
[lromase enEyme Pprducts an amiae group which s the
procursar of the Mailland r-:]lmi. in which ae the amine
groap of the protein reicss with the aldehvds or Eetone group of
redoging sugar. resubting in o@psm color. Aroma can be
formed  From  pdded  sepgor, e pminn &cids, peptides,
nuchemides s onzanic scids which s as e psdil prociims
im the Enrmation of =avory flavors in the nesolting hydraly<ale.
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