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ABSTRACT

Porcine plasma is an important source of high protein content which can be used for food
products. The effect of drying methods on properties of porcine plasma protein powder (PPP)
showed that freeze drying and spray drying affected on properties of PPP. Freeze dried PPP
exhibited significantly higher solubility and oil binding capacity (OBC) than spray dried PPP (p <
0.05). Higher inlet air temperature of spray drying (200°C) provided slightly higher OBC and water
holding capacity (WHC) of PPP, compared with lower inlet air temperature (140°C). Moreover,
freeze dried PPP had a red-yellow visual in color corresponding to the lower lightness (L) with
higher redness (@) and yellowness (b*), compared with spray dried PPP which showed a green-
yellow in color. Furthermore, rheological properties of PPP showed that freeze dried PPP had
lower viscosity than spray dried PPP. The solution of freeze dried PPP (2% w/w) exhibited Bingham
plastic fluid while the solution of spray dried PPP (2% w/w) exhibited pseudoplastic fluid.

The effects of types and concentrations of natural cross-linker (rutin, caffeic acid and
genipin) on properties of modified PPP using freeze drying were studied. It was found that rutin
exhibited the highest efficiency in cross-linking of PPP (p < 0.05) when considering the reduction of
free amino group and sulfhydryl group contents including the change in intensity of protein bands
by SDS-PAGE. The most efficiency of cross-linking concentrations of rutin, caffeic acid and genipin
were 0.6%, 3% and 0.5% (w/w) of protein content, respectively. Moreover, types of cross-linker
affected color (L*, a and b*) as the visual appearance of the modified PPP. Each cross-linker at the
most efficiency modification was selected to determine the effect of drying method on properties
of modified PPP. It was found that spray dried modified PPP by all cross-linkers decreased L and
b values but increased a value, compared with freeze dried modified PPP. Furthermore, spray
dried modified PPP had higher free amino group content than freeze dried modified PPP. However,
spray dried modified PPP had lower sulhydryl group content, except using caffeic acid and genipin
as the cross-linkers.

Two types of polymer (wall material, W) (unmodified PPP and modified PPP with rutin),
three types of essential oil (core material, C) (lemongrass oil, turmeric oil and eucalyptus oil) and
at two ratios of W:C (4:1 and 3:1) were used to study on the encapsulation of a natural extract
using freeze drying. It was found that all emulsions of PPP showed Bingham plastic fluid flow
behaviors. The color of microcapsule depended on types of essential oil and cross-linker used.
The modified PPP exhibited lower free oil content on a surface of microcapsule; thus, it had higher
encapsulation efficiency than using unmodified PPP. The chemical structure of microcapsule
encapsulated with different essential oils can be described by using a FT-IR technique. Therefore,
the use of polyphenolics as natural cross-linkers and drying methods influenced the efficiency in
protein cross-linking of PPP and properties of modified PPP. Both unmodified PPP and modified
PPP can be used as food additives to improve food texture, as a biopolymer materials for film and
coating to maintain quality of food products as well as encapsulation materials for natural extract
such as an essential oil or a plant active compound.

Keywords: plasma protein, drying method, cross-linking, modified plasma protein, encapsulation
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4 genipin duduasatnausssumiiivlifidgmiluSewssanulufiv uldlunadenuszan
(cross-linking) TUsAu (Bigi et al,, 2002) 3NNIsNAABIMUIASIIRaRUAvhNsWeNUssaudie
genipin fidnstamanasuarimuudusaiuiu

uenniiinsAnwmMsdenyszanildunataulusiudeasdendszaudulnasenea
wagnsnawldn Fadunisifeudszanulusiudeiuseladaluduasiusslaiaud Tnefdufidu
nsnanidniruasiisenudeuiinty dunnanalansuvesnisingie  FTIR wuininsuns
ﬁ%awwdwﬂmaqamaﬂﬂiauLﬁmsﬁmaaﬁmmﬁ%mm amide- | (Nuthong et al., 2009a) uenani
finsfnwnavesnsidansusenauiluednseautfvesiaunarauilusiugnsmeaisusenauiuedn
Lo nsawnudin nsnAnndn wagnsawlesan wudtaunsausuugsauddnavesiaule wirinis
wnskuveslothanandndes Tnefiduiifinsandniissiuaudududosas 3 fuszdnsainun
figalunaifiudnisiunssiauazainisBad (elongation at  break) sauvsnisiRueandiay
(oxysenation) Wifuansazane@du 71 pH 10 ﬁaaﬂ%’uﬂqaauﬂ’aL%aﬂasum?\léuﬁu unanaziidinios
wardnnanduiioiuSnansaumuinrionsaauidn Swradudedevesnisldarssznoudl
ueanuasdenUsranluildulusiu duiunsdenasuszneuiiuedniunsiunldiduasdon
Usvanudsiuegiuenufisnelaseautfvesiiduiile (Nuthong et al., 2009¢)



1

wedfluea (polyphenol) uwazwalausen (flavonoids) a1ndiv 1Wuansndanulasndie
dwsuems wazinsihunldduas@endszarulumaniu vlieaaneandudiannuudausain
PUDIINMSANUGATE15eMINe ortho-quinones AUlUSAY 59UIN15LAR coacervation 5EMI1A
a a ada A a A o 9 ¥ a va & . . )~
afukazinaundvwnounialules Weainnsteudseauagyibiinautadu lipophilic wazdl
AUAFINgMglias (Strauss and Gibson, 2004) uenandinistharsainuinn un@sdiviunm
answedfiuealuzuves sallic acid equilvalent (GAE) inldieudsyauiiioUSuussaudfivesianisiu
Tugnsrdulagluauesnediusaronsneziludasen 0.8:1 wulnasararglaalduiaunilnanas
wazliUSununsnesiiludasvanas  udoumgiivenisiiabg  uagnisvasuaratgliiudsuwlas
(55uM3 wazAMy, 2553) MUIT8V8d Gomez-Estaca et al. (2009) Toa1saninainaasniluwazlsauwys
winluiduaduanuiislainut nudrasadavsaessidaaiunsafindunsisertuaaiiuainni
Uamunls lnedinaliauiinamgiinisiuisuaniugadnowi (glass transition temperature) @47y
wazn151de3U (deformation) Yatilauanas Lwavetaa1AuaINmslal walleye pollock 7iieu
UsgaumegAuinududy 8 me/s v0da1AU Tanunlausaiiuduia 76.3% Wewssuiisuiu
wanldleiusfu uenantudeilianuaissmisaiuiou (thermal — stability inay gaungil
. ~ X [e] ) [e] = a dy [ | = a a [y a

shrinkage XAUN 89 "C 40U 100 C Fan siiiuAudanaiwansdedinmaiondssauaaiiuiuiu
WU taziaiauaiunsalunisuinudianad (swelling) (Yan et al, 2011) fnsldaisusznauil
wednNirlumMsenUszauluanalusiu 1wy nsaunulin nsaasn nsaesan waznIALALY
Tu (AMUUNTU 1%, 3% day 5% vodlusiu) luniswWenyszanuiaulusiululelwuia (fish
. . = ~ a a s aa a i~ a o Y v o Y]
myofibrillar protein) HBLUSEUNEUNAUNUNITHNAITUTENDUNUBANVIAINUIUIUTEAULAYINY
wuWduANnIauNUlinazilaA Young’s modulus kag tensile strength gagn aumgilauiiiy

'
=

nIAALUBN NIALAWTU uaznsALWBFAN MNEINY uenanisswuiidufiAunsnumuinduua
yjoziludaszuazvydaloniaanacuingn dauansinnsaunuiniiszansawlunisidonuszany
Tsiulalelnusaasndinislinsnanndn nsauamdu wagnsaegan aua1du (Prodpran et al,
2012) wenaniudmuinnsidenuszaniidu Sp meadiugieUTuussaudivesiidula lngmns
avane (solubility) Msuanth (swelling) wazAmsunsruletivesdidy Pl anas weldadiiuly
YSunautdey (ANUNTY 0.1%, 1% war 2.5% velusiu) arunsausuusandinianavesilay SPI
1§ Tneenmsduussianazanisiafvesiiduduiy widleldndfuluuimamniu (nududy
5%, 7.5% waz 10% vodlUshiv) dnaliiauiininstniianad duaIn1sauRsIneliuenga199InnIg
Idafinuludsunaies (Gonzalez et al., 2011)
nnMsEnwanMyimngaulunseuwiadenuaznatananls lagldiaTaseuniauuy
lulasvlagannanuinanznseunsiaiaudu 160 ness masaaulilasiom 110 ad (Junan
102 min waaupsilausAduauannsalunsazats maduiuasinty welinuaioses

dfatufnindonns  AslundndueiainuanassliandniUnvlinlFlifnenmnaviunlgdusulse

[
LY

Weduiavesldnsenddatuls (Gnms wazaney, 2545) 390N INEAA UG DANILALNATANIHINT
nanldnsonlaeuidennsdesas 0.5, 1 uay 1.5 lnstmiinveadesiufunsdunaraunsdosas 2,
4 uay 6 e winvendeadululdnsendtaduussuiisuuldnsenmuny wuihnmsifuidenuas
wanawnsieray 1 warienay 2 suddy Pasanntsganded aantsgaudeiniinlusenitaniss
fa RuUSinmEanas Uiuusemnduduasannuuiuvendedudadii (e ey uudis,
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2546) Chinprahast et al. (1995) l#@nuaud@dwiinf (functional properties) ToIWa@N1AIN
Fenansiviuiaiedsaneg dun meviuisuvuayania msvhuiauuundenuds uazni
wiwuuiues Fawuimsiuimarauuvuuidonududuvitimuzaugalunisiiua lag
wanauksdiauaansolunsazats amnuanansolunsduin maiedadu (emulsion capacity)
nazAuAesdiadu (emulsion stability) geilgn Jantawat et al. (1996) l¢fnwnaud@idaniing
YA HIIvWTRLUUAYaNE MIuaLUULHey wagmsiuisuuuutdonuds Tagifi
Snwnduien 12 §Unnoi figumnd 27-30 °C nudmanaursvassanAsiamFuiindy waylad
nMaAsuutasaseuanasalunsazats anuansalunmsiui naindiadu mnuasiives
Biiadu worUsnaAunisianun (total plate count) lusssrinenafiudnu uenindunuiude
thyanauksesaayds Todemadun uay Pl uldlunswnieudiaduresdnson ldnseniia
éaumammwmammﬁwLLﬁqé”m’iﬁLLﬁdL%ﬂLLﬁﬁqﬁﬁhmiqu,Lﬁaﬁwsz@q (cooking loss) w3slunsein
(cutting force) Toefian uazanmMInageunsUUsEamduiasmemsTunuildnzuuunseeuiy
quan fetuannglumsiuisdnadeautfvedlusiu Safeaiinisinvifionslddnidonan e ily
autinaraulusiuimngausensu Ul selovd

msteuuaUglanansnsaundesansignindevlalliviuizenfudiunaslundadausionms
a@miLﬁmﬂ?iuLLUamJaauﬁLﬁmmﬂmiﬁgﬂmﬁauﬁ’mﬁﬁ%mﬁu Uﬂﬁmmiﬁgﬂmﬁaummm 130
Uffseneentindu faengmisifiuinu viemugunsUandssasiigniadeulundnfusienns
drunanovnsilimedaouuaugaduldun nsa (acids) lusiu (ipids) toulesl (enzymes) 9aun3d
(microorganism) ansnanuiena (artificial sweetener) U (vitamins) \ndols (mineral) &
(colorants) wa 1o (salts) (Ugya", 2550) TavlanTFNueyyadasyiiataansTsuR

amuiwﬂ‘wwmmumwmmmawemmam‘mm s Badedianilunsumsi
Ls??aﬁﬁummummm 1# Wiy Curcuma longa ansnafinans turmeric Aldduansfuusdly
91913 (food additive) uazmandunsasegrsunsuarsluunuieidons fuoondeddimuiaszina
e turmeric Us¥naumag curcuminoids, nsalasuiisdu 13:’19116 oleoresin LLazmi‘Uwﬂauguﬂ
widmniu wndews waglusiu Wudu (Leung, 1980) turmeric HauTiiduansdudos (antifungal)
(Apisariyakul et al., 1995) auUinsiuonuniise (antibacterial) (Negi et al., 1999; Oonmetta-
aree et al, 2006) Lagiimsfnwnistinsuneusemeviiuanldsufuniseses alginate
nanocapsules (Lertsutthiwong et al, 2008) asiiudnayulnslnefautflunisiduarsdu
deqdurEduiianeg Fenaziunldunumaaiflldoginly Ussinnnsnduniduasioamed Wures
WA LUULLER LNSTLELUS LAZNABURINIABUNITNINGND spa1setunsd (598, 2553)

fodrdalunisldarsatnainsssued Aerwlinsiiredaandeuioatnuazdaiialy
Usgnaufuguuuumsthluldonuliazain fafumnuasuslvesasadnamnogluguesusazie
Tiunldeldinetu Inserdendnnisiouwausgian (encapsulation) titelaunsaifiudnuans
Fananldunty wazianlduselevdlfazainuagnainvatsdaiu fansounaugiandy
nsTUUMITEIvSoduNaLTeaN TFRINMIgNIAd UM Bviavuf e svTind LU wedusnailsd
U5y vselugdu (lipid) Ingvdinvesarsindaviinalaenssodszansainlunisiounwadgian
(Nedovic et al., 2011)
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TsAuannsadanldifumsverudmiuiniAvaslindusamemaiaeuaUgadu 1wy
ToAeLATLUR (sodium caseinate) LIElUIAU (whey protein) TWsfiudaundes (soy protein isolate)
waz  andu (gelatin) Wusy  dewideihndlsfundssgndldiluaisverudestunisiia
aaﬂ%mﬁﬁmaqluimlmﬂégmfﬂﬁumﬂﬁu (Madene et al., 2006) n15laLaglUsAuLazlgReuAT LTy
nsinfuTsudmdes (Faldt and Bergenstahl, 1995) uagnstaunaugiady casein hydrolysate
1AEANSOULAILUUNUNDY (spray  drying) Iﬂa%ﬁﬂiauﬁamﬁaqLﬂuawmaﬁjMLﬁaamﬂmuﬁumaa
HERSTEUN LLazﬁdwammiam%’umﬂﬁué’w (Molina Ortiz et al., 2009)

Karaca et al. (2013) ﬁﬂmmiLauLmﬂﬁLaﬁuﬁ/ﬂﬁu flaxseed A8lUshU chickpea protein
isolate (CPI) %30 lentil protein isolate (LPI) wag MD (DE: 9 wag 18) yiusuuundidonuds wuin
FloUinaniiiu flaxseed Tudsiadusnniu (5.3%-20%) finalinisnszanedveseynin (oil droplet
diameter) warUSinauntudassifvedlulasuatyaminiu vilissavinmnisinifviduanas
drufidnsidruvedlusau (CPI ¥3o LPI) Wiy 4%, MD (DE 9) Wiy 35.5% wavtniy flaxseed
Wity 10.5% dhlilulasuatgafisyansnmnisinifuindugean (83.5%) Usuaitudaseiiin
Weegn (2.8%) LLaszaﬁ'mamwaﬂszmaﬁmaqaqmﬂLﬁuﬁaam%'u (3 Wm) Quispe-Condori et al.
(2011) AnwnslEFulusiu (zein protein) \utanrefunuitussansamnmsiniuin flax 7
flanfio 93.26% \leviuraluuriudey dunsiuiuvuiBonudeiussaniamnnstnduiigu
e 59.63% Tuvaurilnuidoves Turasan et al. (2015) Anwimaoukaugiadutniulsausdse
Tanvieviuaglusiu (whey protein, WP) saufiudealaann3u (maltodextrin, DE) 2 %ila (DE: 4-7
uaw DE: 13-17) whwhuauuuuiiBenuds wuianmziimnzaslunisiouuaugiatufio Asndiu
WP: MD wiriy 3:1 ileld MD #ifin DE wirfu 13-17 unednsrdruvestansesusethiiulsausid
20:1 Iﬁﬂszﬁw‘ﬁmwmiﬁ'ﬂLﬁuﬁﬂﬁuqaﬁq 96.14% nMsnsavenasnudaliifinuideifsatuns
thwanauusiunnidenansiiiunsdauusnldiduasvierinituneussve Fadunuidediun
Anwsaly



14

5738
1. Anwmavasinansidouuszanu (cross-linking agent) waz3sn1svinuiisroaudfvaananaun
TUsAuaniaengns
1.1 Anwr3snrsyiudianatasn lUsauainiaengns
1.1.1 Mswsgunaraunlusauandenans
WNUF0819880gn391NN52 VLN LAeADONYO L9 dRT (UTEW Tu
1930y (2004) $1iin, uAsUzY) Tunwuziiunsiamuazenselefiausanesedsosas 70 Lix
a1sazaelalfeuTiay (sodium citrate solution) AtuduSeEay 3.8% (W) Vuiluidenans
Tudnsdiuansazaresodansiniu 1:9 (Nuthong et al,, 2009a) nauldnfudietlostunisudes
yaudon egadeaiiiuasararslufoufinsmud ldgmarafniui udnildlundesluui
thudeimsvudsnduandanaleimnssumsemns eugdmnssumans funaay anduiu
segnalitenmgl 4 °C lugifu nouvihnsusnwaauviuiisioly
thiegradennviinmstuuendruvesnananiuazidaidonuaseanainiy
seweestiumissiausugumgills (Eppendorf centrifuge 5804R, Germany) figauvindl 4 °C lng

Juweeiianusiseu 3,000xg Wunai 30 min eugndiuresmatauwasiinldonunseanainiy
nasannstuissazindiula (wanaulusiu) unsesieinluiuesnaionszn1unsauss 93
(Whatman) wwanaunlusfiuiuldgadu (LOPE) ludugudsiigamgill 20 °C aundnazdiunsiinis

ERNGRIN
1.1.2 mevhuisnataulusiuainidengns
twanaulusiuanidenansiiuuddlude 1.1.1 wwhmsazarelasudlud
ﬁqmwgﬁﬁaq MntuFn i urewanaulUsiu 2 S3lduiAsuuuues (spray drying) Lag3s
wdonudauiis (freeze drying)
nsvhuisuuunules Buanmsdmataunlusfiuinnisaratsudiunde
deSewhuiaizuuuriudes (spray dryer) (Lab-Plant SD-04, West Yorkshire, England) Tneine
gaunniu g 2 seau laud 140 °C wag 200 °C lagAiuaNgumngiiveen 70 °C §n51n133ANaTENN
WWsfiu 0.4 L/h agldimanatannlusiu (porcine plasma protein powder, PPP) §aginsifiudnu
13luga zip lock (polyethylene, PE) figaumgil -20 °C Aewhurldmaaousiald
mMsviukeIsudienuds Buainnsimanaunlustusuglugudidenuds
(Elcold DK-9500, Hobro, Denmark) ﬁqmmﬁ -40°C vWJuan 48 h fmﬂﬁuﬁﬁwa’]amiﬂiauﬁmil,tfﬁa
TR Is8LAS 0w ILUULTE onude (Scanvac Coolsafe 100-4 Pro, Lynge, Denmark) W
gaumgiimuuyuil -80 °C viukauuutiBenudadunan 1 Ju videaunsesmmsuniely chamber
Asil 2zld PPP Bsagshmsiusnuilugdlifigamadl -20 °C rouhunldnaaeusiely
1.1.3 ayandevauTivesmaarauiusiuiildnnmsvuioieaeds deil
1.1.3.1 asfUsznoumaad Teuinnutu TUsiu wand auisves AOAC
(2000)
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1132 @73 (Color value) #ein3as¥nd Spectro-guide (BYK-Gardner
GmbH, Germany) ausguU CIE Lab system 1ugﬂﬁuaﬂ L a waz b Iagld white standard plate
(L'= 97.75,a = -0.49, b = 1.96)

1.1.3.3  audiunsalunisazais (Solubility)  »1u35U99 Suzuki  and
Shimizu (1982) ) Tnethdegnauis 0.5 ndu Wandusiuay 20 mL ﬁﬂmﬁu*&iﬂum%q water bath
shaker mammu 25 °C w1 1 h ¥arsazatefilinsesunszaiensewues 4 wmwu’muﬂm
LLuuauLLm mﬂuumﬂi AN TOINFOUAITANAIIUUNTY mwﬂimlﬂawammu 105 °C WU 3 h

‘\]Uﬂiu%ﬂi&’]%ﬂﬂﬂﬂ% mmmmmmmadumiawmamugm

) (Wl _Wz)

Solubility (%)= x100

1
e W, Wudhminvesiegrauiasusu
[ f,’ LY 1 v a" 1 goj
W, WJuhmindiegrauieildazaten

1.1.3.4 mmmmsﬂumswm (Water holding CapaC|ty, WHC) ANITUDY
Beuchat (1977) Imammaamm 0.5 N5u iaiuwaawmul,mawum 15 mL mmmﬂau 10 mL ﬂ@
Aaesliuuy 1weden3ad vortex WY 2 min mlwqmmwaqmuum 1 h 9ntuthdeses
mgum"”imﬁﬂmm% 8,000xg \UuLIa1 20 min Sudwlans Besdiasfam ﬁmaamﬁﬁmzﬂauﬁwagj
funaonundaiinh f‘hmmmmmmmsﬂumﬁuﬁwmfmqm
whc = We - W)
0

Tneil W, Hudwinuessetause

W, Durhminwasnuintimingiog1ausis

W, Durhminwasnuinimiinnzney

1.1.3.5 muanunsalunisduigu (Oil binding capacity, OBC) #1u35ve4
Beuchat (1977) lagisegnauins 0.5 nsu laluvasanyuimiearuia 15 mL wuiidiuiimvies 10
mL Ypnvaanliwidy NaualIeLA3Iad vortex WukIal 2 min é’faﬁﬁqmmﬁﬁamﬂunm 1 h 901U
o v a a a < < . a 1 ay a 1% [ qoj % gj o
U NATOIMLULIIBINIAI1HL5Y 8,000xg LTULIAY 20 min Sudulans WBeslvagfnundiu antui
waenaniinznauAvegiuvasnindaimin AMuinmauansalunsuindunugns
(Wz _W1)

0

OBC =

e W, Wwilhminvesiieg1auis
W, Wuthwminuaeauiniivingiegauwie
W, Wuthudnueeauinivinaenau

1.1.3.6 auU@An1uIneinszihd  (Rheological  property) Freades
Rheometer (HAAKE RheoStress 600, Germany) laglg#ainwuu cone and plate (cone and plate
geometry) (cone diameter = 60 mm, angle = 1 °, gap = 0.052 mm) 1S1ANATASLUEATALAY
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wanaulUsAufinun st uuunules wagiduuuutiBonudauis (2% wiw) nulidnfiy
wazlsirusouiigumadl 70 °C w30 min fELA3eN shaking water bath (Memmert Water
Bath, WNB14, Germany) thansazangesninaliiy uasazaelgauil 25 °C feuthlunaaeu
auUReInennszuadiel
weAnIIUNIsNE (Flow behavuor) Immmmmwwu@ﬂimgua mmmu
Wouluguilanduvesdnsudeulugie 0.1 s 100 st dlemnududewiinduan 0 8920 Pa i
gaundl 25 °C laengfinssunisivavesansavagnatanilusiumlanainnisiideyauninsizlag
NSWADANTINANLANNTTVO power law model
77 — k7./n71
o N Ao mumilausng (Pas), 7 fe dnsudeu (s ), k Ao esihileduia (Pa. s) uaz n
Ao Artanwaznisiva (lifludae)
duUfdaladanafn (Viscoelastic properties) 39 oscillatory stress
sweep test 130 dynamic measurements Tu%79 0.01-20 Pa ﬁﬂ’s’mﬁl (frequency) Wwindu 1 Hz T
A1 linear viscoelastic region (LVR) uagnadau frequency sweep i angular frequency (M)
Winfiu 0.1-100 rad/s IaedaAn dynamic viscoelastic parameters lakf tandanisazay (storage
or elastic modulus, G') iLag ua@ﬁagiyl,?iﬂ (loss or viscous modulus, G") %aLi‘Juﬂaﬁ%’uﬁum Q)]
1.1.4 1M9UHUNTNARDUUENANYTIIUY YINSNAaeeduiu 3 1 SIUTIHA
NINABBILALIATITRHNANIINABBININEDR LABAIUIMT analysis of variance (ANOVA) ag
WIBULiEuALANAIUBIR LU SATHANSEN U838 Duncan’s multiple range test fiszdiuay
Josiu 95% Lﬁaaqﬂmamsmaaa

1.2 AnwmavesssifoussarusoautivessanaraulUsiuoinidongns
1.2.1 mMssnkUsnataulusiuainiengns

asazarenaranlusauaniiiondns (native) wgniuUTu pH  ves
ansazanslivingu 10 msarsazarelufeulansenlendutu 1 Tuais (IM NaOH) #3saisazais
lalaspaesnudu 1 luas (IM HCD (AauUasann Nuthong et al., 2009a; 2009b) Tl
Fouansavangauilaamgil 50 °C (control) AewfuansidouUszany (cross-linking agent) ¥finsn99
lauA nsnAdn (caffeic acid) Anututusosas 1, 2 way 3 vesUiunalusiu Insviinisiunsa
ANdniiaztonq asluaisaralenaauIngauiunIINIURaALIaIaUa1TNn) (Nuthong et al,
2009a; 2009b; Prodpran et al., 2012) asaganggiu (rutin) ALTNTUSaay 0.6, 0.8 Uag 1 veq
Ysunaldsiu wlsulastarssivarargluaisazanelafeulansenledidudu 0.2 Tuads (0.2M
NaOH) (Yan et al, 2011) wazansazateladiiiu (senipin) ANLTNTUTEAS 0.15, 0.35 wag 0.50
oUsInalUsAu wisulasihaiseinuazatsluansazaratiniwes (0.1 M phosphate buffer, pH
7.4) (Bigi et al., 2002; Jin et al., 2004; Yoo et al., 2011) asluaisavarewar@unlusiy niunaadu
a1 1 h igaunndl 50 °C MntuharsaraeseislilnBuiigungiivies wasihansazanedananadi
Ifunviusiasneds freeze drying wagds spray drying anuiildnanililusate 1.1.2 thaananaun
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a

1UsAU (porcine plasma protein powder, PPP) ﬁlﬁLﬁUqua zip lock ‘ﬁqm%qm -20 °C nauiun
HI1EAUANTS
1.2.2 pynaevaniivesssanaulusiuandendnsikiunsdaus il

1.2.2.1 fd (Color value) Saderades color spectrophotometer (BYK-
Gardner GmbH; Geretsried, Germany) #1u5gUU CIE Lab system 1ug°dﬁua\1 I_* a* ey b* Taelay
white standard plate (L*z 97.75, a= -0.49, b = 1.96)

1.2.2.2 Usunaunyjesilludase (Free amino group) MM1359e¢ Benjakul and
Morrissey (1997) Insdasmanaunlusfuanidenans 0.05 n$u \Fonsiiogsieasazarotiines
(50 mM phosphate buffer, pH 8.0) mﬂﬁ?u@mmsazmawmammiaum 125 pL aslunasnnaaes
WuansazateUnwes 2 mL (0.2125 M phosphate buffer, pH 8.2) uwazifiu2, 4, 6-
trinitrobenzenesulfonic acid (TNBS) iudusovay 0.01 Usuns 1 mL Unsviasauazuauliigniu
ihlutalu water bath figaumad 50 °C wu 30 min @adegrede foll) antuifuasazas
sodium sulphite Wy 0.1 Tuan$ U3uns 2 mlL #slilfBuyszanm 15 min uagdadinsgandu
watadl 420 wilwums FaeiA3es UV-Vis spectrophotometer (UV-1800, Shimadzu, Kyoto, Japan)
WeuAunsmiinsgIuves L-leucine

1.2.2.3 Ysunaumgdalansa (Sulfhydryl (SH) group) m1138vee Ellman
(1959) ImL%mamama‘wamm‘[ﬂimumﬂLaamammamia yaneUnes (0.1 M phosphate
buffer, pH 8.0) Ssansazanenanaunlusiuanidonansiléazdanaunduduil 4 me/mL mﬂuum
ansazanewanaulusiiumn 1 mL Wuaisazatetimles 9 mL Ssluansazanetvinesusenaudie
gi3eLduty 8 luans luneuladgadaims (sodium dodecylsulfate, SDS) iWudusaeay 2 a1sazany
ofiaaulnosiiulnnszazdfn (ethylene diamine tetra-acetic acid) Wudu 10 fadluais waznia-
lelnsnaslse Wudu 0.2 Tuans (8M urea, 29% SDS, 10mM EDTA, 0.2% Tris-HCL; pH 6.8) 9101
wanliiiiukaganasazans 4 mL viujiserdvaisazane 5,5 -lalsleda (2-nsalulasiuuledn)
(5,5’-dithio-bis (2-nitrobenzoic acid); DTNB) 1iugusasay 0.1 (DTNB azaielu 0.1 M phosphate
buffer, pH 8.0) Imammmsaumﬂ DTNB 0.4 mL maﬂmmﬂuuauuwammm 40 °C \Juan 25 min
’mmmimﬂauuawmmmaﬂau 412 WlRS FI81A3e3 UV-Vis spectrophotometer (UV-1800,
Shimadzu, Kyoto, Japan) 3tA51¥% blank dawansazay KCU 1 Wudu 0.6 M, pH 7.0 Wnufi0819
fruaiinamydalentarioun Tngldemduussavinsganduuas (8) Wiy 13,600 L/mol. cm

1.2.2.4  ySeinsuanesudunsusaauninsalny (Fourier  transform
infrared  spectroscopy)  lun1shasienlasasnsvesnenataunlusiu dewn3es Fourier
transform infrared spectroscopy (FTIR, Spectrum two, Perkin Elmer, Illinois, USA) g inan
transmittance Yes3dioglur 93U LT YrsiavAAY (Wave number) 4000 - 400 cm” 1ng scan
setting 7i 32 scans way resolution 7 8 cm ' (Nuthong et al., 2009a)

1.2.2.5 SDS-Polyacrylamide gel electrophoresis (SDS-PAGE) 14lunns
AaTRgURUULUSAY Aads Laemmli (1970) Tagmisiinanaunlusiuainidengns 0.02 3y
azansluh 1 mL 91niush serial dilution ulAAUTTUEATIEY 2 pg/ul gRaITATANENATENN
1UsAuLT 10 pL 1@y sample buffer 10 uL (laemmli buffer 950 uL, B-mercaptoethanol 50 pL)
Pnduiludufigungd 00 °Ciflunan 10 min thusuiaadiosy (6-20%  precast
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polyacrylamide gel, Mini-Protein® TGXTM Precast Gels) amé?dﬁmg@ electrophoresis uaunldas
1u chamber 1@ electrode buffer (Tris-HCl, glycine, SDS) JUNINLAULAA w&a97n1 load
IR (ﬁ@u sample buffer) aﬂu‘wqm 8z 15 plL wag marker (precision plus protein all blue
standards, Bio-Rad Laboratories, Inc., Richmond, CA, USA) USuiadesdnonszualuily (Mini-
Protein Il unit, Bio-Rad Laboratories, Inc., Richmond, CA, USA) Tagldaiusrsdndasiii 120
1ad dondunuiaameasazaleauuadug (0.125% Coomassie blue R-250) wWuduseeay 0.125
ANATOUAUEITATAUNALTENIN INIUEA 88y 30 LWarninesdnn Sevay 10

1.2.2.6 @uifnigausou (Thermal properties) Tneldia3aq differential
scanning calorimeter (Diamond DSC, Perkin Elmer, Norwalk, CT, USA) lagvinnisaeulfisu
gaunndl (calibrate) Tngld indium Huasinnsgiu lun1siemedldsediaimin a-5 fadndu 14
aslusrgfifion pan wuin 40 lalasns aunugumnddous 35 °C 83 200 °C #6051 10 °C/min
"3LﬂswﬁmqmmﬁmaqﬁaaéwﬁLﬁmﬂmﬁaammiimﬁ (denaturation temperature; Tp), onset
temperature (Tonset), €nd temperature (Tong) 8% AT (different denaturation temperature;
Tend = Tonset)

1.3 Anw135n1510ulAYLATY (encapsulation) 158NANINSTIUYIAAIEWAIFUIUITAUDIN
1Aangns
Hadofdnunldun asvieviu (wall materials) $1uu 2 wila (wanaunlusAukazwatan
TUsiusauys), ansafnnusssurninentiumnenssine (core materials) $1uan 3 wiln (azlaf, viy
wargAAURE) LagdnIIEIUTENING wall materials wag core materials (W: C) 911U 2 g6U (4: 1
wer 3 1) Ipedduneunsiniouansazarewanaudazsia wazarsazaredifaduanaisazans
wanaulUsiunazthsunenssme fail
1.3.1 Malwseuansvieny (wall materials)
nswwssnansazatswanaulusiulagwaaunlusiu (liquid) Usu pH s
Wiy 10 Feansazansledeslensenledidudu 1 wand ndmnihilienudousigamad 50 «C
WJunai 30 min (Aawdasann Nuthong et al., 2009a; 2009b)
mMw3eNasazatenataulUsiusauUs Jsdnidonasazanenatauilusiiy
faudsannsansinwmeud 1.2 lasidonansdauys fe ansgauiinnandudiu 0.6% w/w)
1.3.2 m3teuuAUiaty (encapsulation)
Y MeLSEMERNSTIHTRLELA tsumenseivenylad (Lemongrass;
Cymbopogon citratus) Yrtunensswmeviu (Turmeric; Curcuma longa Linn.) Lazsuey
sumegAaURH (Eucalyptus; Eucalyptus globulus Labill) PnUsEASeseulneu, NTHNN e
ihifunonssmeiuansteriuainds 1.3.1 leiiu tween 80 (Famandudu 25% vesthifunonszme)
Huanssiadlmesivesintiungla? (Kim et al, 2014) uay span 20 (Fanandadu 25% vaingiy
noUTELNY) Li“]umi@ﬂae‘?ﬂwL@@%ﬂ@ﬁ'}ﬁuﬁmazgméﬂéfﬁ (Orafidiya and Oladimeji, 2002;
Fernandes et al., 2013) ynmsuanansazangliduiomeiulngldindos high speed
homogenizer fimuigasou 15,000 rom Uulaa 3 min nnthansazanedaduluiurauuy
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uwidonudwnuiSneud 1.1 LLé’aLﬁuvaﬂmLmﬂégaﬁlﬁ Tdluge zip lock (polyethylene; PE) #
gaumiivied (25 °C) feudnldnaaeusoly
1.3.3 MInsdeuanUAvesdiatu

Whasazatudiatuainde 1.3.2 neuihluiwisasiaaeuauifniuine,
nszua (Rheological properties) feie3ad Rheometer (HAAKE RheoStress 600, Germany) lngld
MIIAKUU cone and plate (cone and plate geometry) (cone diameter = 60 mm, angle = 1 °
gap = 0.052 mm)

WgAN3IUN15Wa (Flow behavior) lnginAanumilnUsinguasAinuiu
Beouluguilerduvosdnsudeulutae 0.1 5 100 s figaumgdl 25 °C TngwgAnssumsivaves
ansaranedladunanaulusiumlannnisindeyaundmszilaenisndonnsiu

1.3.4 Msnsiaaesvaudivemslulasualya

1.3.0.1 Usunaeenatu sna3§nnsves Karaca et al. (2013) gt
shegradlulasuatga 0.5 nfu Tdludeesgiideuivsutminuiueu thleuflgamgd 105 °C
w1y 12 h théegieenandeviiidulumdniamesuasduimineuuisogsdauihimni
Aafl Usnannutuvesssilasuaigasenuuniuvesnivie 100 niubilasuatga Gevarlng
i)

1.3.4.2 70wmesuoniiin (water activity; a,,) #e1Ases Aqualab Model
CX3TE (Decagon Devices, Inc. Pullman, WA, USA) ﬁqmmﬁ 25+ 1°C

1.3.4.3 Advesnslilasuauga dhiegmdlilasualyansiainseiriosin
& Spectro-guide (BYK-Gardner GmbH, Germany) Ingldunasiiiinuas D65 yusad 10° lussuuen
dvoq CIE Lab uanwmar1vosd 10u L* (A1a1waing) a* (a* feranududilden uaz +a* Ao
Aududung) uar b* (-b* Feranuduiinbu uay +b* Feranududvdos)

1.3.4.4 UszAnsammsinifiutigu (Encapsulation efficiency) Sinsnevivn
Uﬁzﬁw%mwmsﬁ’ﬂLﬁuﬁwﬁuiuluiﬂiLLﬂUsga AnLUAIRN3IEN15Y84 Klinkesorn et al. (2006) laguua
nsns i arelul

13.4.4.1 USinanihsiudase (Free oil; FO) “?jljﬂmlﬂﬂﬂil,l,ﬂﬂ%ja 2.5
n$u (W) adlunaoadmiumuivies hsienisu 15 Tadans wauselnias vortex mixer WuLaan
2 min Mntuhlunyusissiinnuiseu 8,000 pm Wunan 20 min nsesendnlatnsuusen
AINITEANYNTOAUDS 4 éjﬁflﬂiu@’]‘lﬂﬂiaﬂﬁ’mLSﬂL‘Zj‘uaﬂﬂgfl thyeamadfleluvhmssemedigamgl
70 °C dnmueniauszimnemin mﬂuummmwammu 105 °C i 5 h theghesnuidl
ulu desiccator udadatihmiin (W) suhegnadnautiminasiiudarhmstuiinna fuon

LUBiL%UWUWNUBﬁiz(ﬂ’m%{Gﬁ

)_M

FO (%)= x100

1
Toed W, Wudmiindasg1asusu
< S Y ! v
W, W JUUINUNGI9819%8 99U
1.3.4.4.2 USunasdsiuiiniiu (Encapsulated oil; EO) Fawalulas
wAgaNuNTIATIERUSaiudaTe 0.5 ndu (W,) adluvaendmiumyuiies lRvasazay
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weTantuines (100 mM, pH 3.0) U395 2 §addns naudeln3a vortex mixer {utaan 1 min
Mntudneneusarleldlnsmuea Ensdu 3:1 TneuSuies) Usums 25 fadans wedeieies
SalusiAunu 15 min wdmyumissiamida 8,000 rpm nat 15 min nsesuendnuusense
n3EAYNIeaUDs 4 Aenszaunseseteniey thvoamaddilaluyhnssemedigamai 70 °C unn
ieniwuszmevin ntuidngoufigamgd 105 °C WWunan 5 h diiediooniniidliiulu
desiccator Wi dsimtin (W,) sushetssnautmiinadiudnnstuiinaea muailedidusiiy
fifruAunagns

EO (%)= —(le;WZ)xloo

1

1.3.4.4.3 Usz@vdsnmnisnniiutingdu (Encapsulation Efficiency;

EE) ANWInMAINgns EE (%)= % x100

TneUSinaihifustonun (Total oil; TO) wiléian TO (%)= FO + EO

1.3.4.5 WSeinsuarlesudunsuseaiUninsalnt (Fourier transform
infrared spectroscopy) Hlunsiangilassadsvesvesnslulasuauya fmeiries Fourier
transform infrared spectroscopy (FT-IR, Spectrum two, Perkin Elmer, Illinois, USA) lagrinen
transmittance Y0s34@glur9BUNTITA Fr118UARY (Wave number) 4000 - 400 cm 1ag scan
setting ﬁ 32 scans ey resolution ‘171' 8 cm’l

1.3.4.6 lnssaieszauganiaveslulasualya Mmendedganssaudiannseu
wilnde3n31a (scanning electron microscope; SEM) (Cam Scan MX-2000, UK) Tagirdaegnansly
Tasuatgansasuuuviusfeguazinluindeuinoyniasoneadietliiuszqdidnnseuse
\30aiAdaunas (sputter coater) (Cressington, 108, England) Tneldinaniadou 100 3min 910ty
ihludessendesanssmididnnsourindeansiafiddnsissvosausmadndludia 15 kv
fdswene x2500 lensaagivewmdlilasuaisa
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NaLazIaNTal

1. navasriinasitauuszanu (cross-linking agent) wazdsnsiuieioautivasnanaun
Tushuaniaengns
1.1 HaYBIIENISHMFOaNTAYINA 19419 INADAGNS

Bnsvhuisdinadednuugsngueskanataunlusiu (PPP) Tnswanaunlusiud
HUNSYIUWAIR875 freeze drying (freeze dried PPP) flanwiugidunsdunseuindos drunaiaun
TWsAuTiunSTieie33 spray drying (spray dried PPP) &aiidnuwazifunsdifenonndes le
YnIneiesrusenaunaail wudnIsnsvinuiakazeumniilunsinuienieds spray drying lald
waseUSuulusAukarUSuaaegaiideddgynisaia (Table 1) IngduTunalusiueglugaa
79.63 - 82.16 % uavUsunasunagluyie 11.73 -12.41 % lngUinalusaulunaraunlusiuainien
qﬂi:ﬁmiLth?ﬂisJuLLﬂaalﬁﬁuagﬁUizazLaawLLazaﬂwaziuﬁawwdwma%h sausEnMEaiuinu
n&aaInnsviucia (nssdan, 2549) Tuwaedl spray dried PPP ﬁqmmﬁmvﬁﬁqﬂ (200 °C) @il
USinmanududindt spray dried PPP flgamgfivndns (140 °0) ilesangamgiiaufeunudn
g9tu ilhAneuuansnswesguniiifiuivesaroomanaulusiugeludsnaliinnsdiom
museulds thdssmmeeanunldun ‘v‘iﬂﬁﬂ%mmmm%uﬁuaﬂwmamiﬂsauaﬂawm (Jittanit et
al,, 2010) aamﬂaaqmmsamawaqﬂsmmmm%umaam black mulberry fiviusiaseds spray
drying L@Jaammmamaummmmu (Fazaeli et al, 2012) drurAutuves freeze dried PPP
uay spray dried PPP figaumgiivnitnga (200 °C) luumnsneduegaiitoddny wansliifiuinnisld
QAUMNNVUFINIEITNIIVINUIALUL spray drying hifinasiessAusenaumaaiivanves PPP R
Iﬁmalﬂﬁtﬁmﬁ’umiﬁmﬁqﬁqmmﬁﬁﬂ WANISNIWIIAEIS freeze drying ldszaziianlun1svinuite
ADUTINUIUATINTVIUIAIAIYAD spray drying

Table 1 Chemical compositions of porcine plasma protein powder from different drying

methods.
Drying method
Chemical component Freeze drying Spray drying at Spray drying at
140 °C 200 °C
Ash (% wet basis) 12.37+0.04° 12.41+0.13° 11.73+0.19°
Protein (% wet basis) 80.80+0.35" 79.63+0.42° 82.16+1.06"
Moisture content (% wet basis) 6.10+0.53° 10.17+0.18" 6.65+0.74°

Each value was the mean of three replications + standard deviation.

a, b

° Means in the same row with different superscripts were significantly different (p < 0.05).

= 1

Barsiwiseziinaseaidues PPP aufidunaldainanvazusing Jeendidu
ANy UsTAFUREN A AINeTeI UNTEaUSUTURER A9I811115 9INNITNAABINUINIENS

vuiadinasiod (L, a, b) vee PPP agafitfuddy (p < 0.05) Ine freeze dried PPP fif L snan

q
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uaildn a Waz b gedn (Table 2) dempdosfudnvazusngienlariddnvausduiunsen
\Wded dau spray dried PPP wuindiAn L gegn wagilenunnndt freeze dried PPP demndosriu
NITeTiRnEINT U Iwes Rubrivivax gelatinosus biomass (Espinto Santa et al,, 2013) wa
n9viuialUsiu lentil protein isolates (LPI) (Joshi et al, 2011) @1un15viuneneis spray
drying Tigaumnfiaufeuniidigs (200 °C) 9l PPP @i L, a waw b sniifigauvndiansouvudisii
(140 °C) ArwuanddnanetadunauanmsinuiAsewaatin (Maillard reaction) wiaiilsl
Aedestuoulesl (non-enzymatic browning) Inetameiigamgiianieusiings (Sarochwikasit
and Tangduangdee, 2011)

Table 2 Color values of porcine plasma protein powder from different drying methods.

Drying method L a b

Freeze drying 59.32+0.80° 4.04+0.53" 15.27+0.36"
Spray drying at 140 °C 77.58+1.89" 0.62+0.05" 12.14+0.17"
Spray drying at 200 °C 64.8310.49b O.OSJ_rO.O6IO 9.24+0.22°

Each value in the table was the mean of three replications + standard deviation.

**° Means in the same column with different superscripts were significantly different (p < 0.05).

Wasviwisiinasiomuaunsalunisazalsved PPP a8 1slitudAgyneana (p <
0.05) Ine freeze dried PPP fidin1sazanugegn (Table 3) ileaanwdnfusivdsnisiusieds
freeze drying ﬁiﬂiqa%ﬁqﬁLﬂugwqutﬁaLauﬁﬁqLﬁﬂﬂ'ﬁﬁuﬁ'sasmimﬁa UDNINHENAATINTYHY
nsideaninveslusiu (denaturation) wazn135udveslUshAY (aggregation)  lusedufisives
HARAUNN freeze dried PPP mumimaauammmmauﬁmLﬁuﬂmmamammiavmmaa spray
dried PPP wafildmseiufunuiseves Fazaeu et al. (2012) vlwmwLuaammuamauﬁmmawu
inlving black mulberry fifnsazaneifiuiu mmme;mmﬂamﬁmm@mmmqmw‘lmaumma
Vueildisnadiu

Ufduusveniuaziduiulusuliaruddylussuuems Tnsmededuas
doduiavosenns definnsanavesnsuisdennuaunsalunsduti wuinnsiuiededs
freeze drying Manunsameld erailesunaniinnuanunsalunisavaieiia daunsviuiedaeds
spray drying ﬁqmwgﬁaﬁaumvﬁw 140 °C way 200 °C wuinauansatunsTutdaliunnag
fu daumnuaansolumsduiduremanaulusiufiiunsiuiotewisdauandeiy (o <
0.05) Aenuanansalunsutsfuves freeze dried PPP g9n7 spray dried PPP flgaumidl 200 °C
way 140 °C puddu tesanlassadisidugnuaes freeze dried PPP ¥inlsfanansaduuazen
U‘%mmﬁwﬁuﬁqmd’l spray dried PPP (Table 3) yananiAuaInsalunssuttures spray
dried PPP finduiioguuniauiounidgatu Tnsrmnuanasalumsiuthuasiituildaenados
furAdeves He et al. (2014) #inudn peanut protein isolate fAnauanunsalunisiuiuay
hifugetu Weldennuduiigs :nmavaasmuigamgiianfouriiings aglidnnuannsolums

(%
[y o

JuinulaAuTANIIANNAILN TR LN ULN
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Table 3 Solubility, water holding capacity (WHC) and oil binding capacity (OBC) of porcine
plasma protein powder from different drying methods.

Drying method Solubility (%) WHC (¢ H,0/g protein) OBC (g oil/g protein)
Freeze drying 97.11+0.82° - 4.67+0.07"
Spray drying at 140 °C  42.06+2.21" 3.66+0.41° 2.07+0.23"
Spray drying at 200 °C  42.86+2.29" 3.75+0.27° 2.73+0.26"

Each value was the mean of three replications + standard deviation.
a, b, c

Means in the same column with different superscripts were significantly different (p<0.05).
- No data available.

autinieiuingnszuaveanaraunlusiuainidengnsfiniun1 i uang
anﬂiimmﬂmmw‘u non- Newtonian (Figure 1) ‘anﬂssmmﬂwa%a\‘i freeze dried PPP flanweue
WUU Bingham plastic fluid Faaziianisinalddedldsuauduideunnnnis yield stress uazidle
Lﬁmmﬂwaué”s mwwﬁmaamiaumﬂaulﬁﬁﬁuﬁué’mﬂLaau uazwui1 freeze dried PPP fA1A21M
mumuaammmamamu spray dried PPP i 140 °C wag 200 °C Iuﬁumqummsmmﬂwamm spray
dried PPP i 140 °C uay 200 °C maﬂwm%mu pseudoplastlc fluid (Figure 1) uaﬂf\]’mummm
vilalunninegsanadilenn shear rate LfinTu aenndesfiunaves mucilage VU3 spray
drying  fignmgiinndigeluaziinginssunisinauuy shear-thinning Tnsgnmgiinndgedinasie
A01uzUeINeALLesTIn M (slassy or rubbery state) wariilinnisaatesiilosainannudouves
lassairlaana (Leon-Martinez et al.,, 2011) @3u spray dried PPP i QUMY 200 °C A7
Friiiloduda (0 gean (k= 10.083+0.578 Pa.s) Taedwiinislua (n) ves spray dried PPP fidnifoy
n11ves freeze dried PPP (Table 4) wandliilfiuin spray dried PPP fiwgAnssunisluanuu
pseudoplastic fluid #38 shear-thinning (n<1) 41nn31 freeze dried PPP 91ANAN1SNAADY
AOARADINUNATDY rice flour gels (Meng et al,, 2014) wag bovine plasma proteins (Rodriguez
Furlan et al., 2010) ﬁﬁwqaﬂ‘iiumﬂﬂmwu pseudoplastic fluid

0.0060 12
|

00050 4 - 10
1

0.0040 JF‘ g

0.0030 - B

=
fm]
=]
=]
=]

oooio

Apparent viscosity (Pas)
of freeze dried PPP

Apparent viscosity (Pas)
of spray dried PPP

naooo - ==y =gl
] 20 40 80 20 100

Shear rate (1/s)

Figure 1 Flow curves of freeze dried PPP (4) and spray dried PPP at different inlet
temperatures: 140 °C (@) and 200 °C (M).
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Table 4 Steady shear rheological properties of porcine plasma protein powder from

different drying methods.

) Flow consistency index, o 2
Drying method K (Pas) Flow behavior index, n R
a.s
Freeze drying 0.004+0.001° 0.792+0.035" 0.947
Spray drying at 140 °C  4.327+0.119" 0.128+0.038" 0.995
Spray drying at 200 °C 10.483+0.578° 0.131+0.048" 0.998

Each value was the mean of three replications + standard deviation.

a, b

" Means in the same row with different superscripts were significantly different (p < 0.05).

autivsininenssualnudidgronismvaununn  maivihv uas
NIEUIUMSUUTIUYRe NS wanstlianuasiilaznsinueanvaziloduiavetems  (Leon-
Martinez et al,, 2011) 21nn15MAdBYU oscillatory stress sweep AR A 1 Hz uaziiAl G' way G"
Wmdeans Ay shear stress (Toyalilduans) antiuden shear stress 1 1 Pa lugaswes LVR 910
Y 1 A o ' . a [ '
NNFeEiatNmMAFDU frequency sweep WUl freeze dried PPP (1A1siduty 2%) ldanunsa
733 LVR 19 3eliilatdnegslinmaaeu frequency sweep dauvnsiaag19wed spray dried PPP
1A a . ' " 1 Al a . [
NUIANYANTTURUY elastic (G' > G") AADAYNAIUINANYY WOANTIUVBY spray dried PPP wu
LUULAA Uarnudnen G' uay G Juegiuninudianiies (Figure 2) Nnd0g19es spray dried PPP &
A1 G' ey G" INTULDANDILTY donnRednUNaYad rice flour-based batters (Matos et al.,

2014)

100,00
-
=2
E"‘l 1o0g A
D
1.00 T T T
0.01 0.10 1.00 10.00

Angular frequency (rad/sec)

Figure 2 Mechanical spectra showing the angular frequency dependence of storage
modulus (G', solid lines) and loss modulus (G", dash lines) of spray dried at
140 °C (A) and 200 °C (M),

1.2 HAYIYIAAZAIIUINTU YA 15ITouYTca1UnBauURYaInaI1au1IlUsAYINIa o
gns
1.2.1 dvasrananaunlusfusnwus
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AMLEINe (L) Aanududuns @) waganududinges (b) veswanaidun
TUsAudauUslaltrinuaz AU TNT U@ ILFDNUTEAIUAIY THIUNITTILAIA87T freeze
drying k@ndsa Table 5 FanudnA1 L, a uaz b veana1aunlusauiniinisifumeassiu nsaam
an uazlallity uaneaiu Inenaraulusiundaulsaiganssaunanududuseauseiuazliien L
war a hiuaneneiu uazan L Alakiusnsnsiunanaunlusiu native wasnwataunlusiuganiuny
(control) (p > 0.05) MslasienUszaugiuliirn a genian LﬁaLU%‘&ULﬁaUﬁuwmamiﬂiauﬁm
wU5 (cross-linking agent) warldfnuyUs (native way control) daufn b mt,miumwmu Lmaswm
mwmﬁumummsmmwmu agnafltfuddyneadi (0 < 0.05) waswuien b fiAngsiian 1ile
Wiguigudunanaulusauanuls (cross-linking agent) uwaglidnuds (native  wag control)
donAgedfiuanvauzUTInguasanataulUsfudnuUsieassiuasidvies iesnasghiudu

Aaa A = § v o Y] awv . PN I as A a a
a1snddwmaes Felvinaldulnediuauldeves Friesen et al. (2015) inudniay SPI MLANHAd
anwazUsng Judivios

A A a o % a o a .

Wagunaraunlusfiudauusaensanndndunataunlusiu native uway
wanaulUsAuYAAIUAY (control) WU’jﬁﬁﬂl’] L anad wansngeg1eiitiedAgn1eada (p < 0.05) uay
wuinsidunsaandnagdien L dfian LuaLUismmEJUﬂUﬂ'rﬂéua’mfvauﬂivamﬁvumam uay Lua
Wupududureansanndn aslien L, a waz b liuwansetueteidoddy Je61 a waz b
aenAdostuiidunataulusfufiinsfunsaandn (Nuthong et al, 2009b) uranuidedanan
wulden L anasilauTunannududureinsnaniBngsly anuuand1ainaingungivednis

a A a = R A i au & a a o a a
wilgdansaraeiauiged 70 °C Jsdmaniernd wilunuwidetivSeunaraunlusiudaudsnaungil
#n31 (50 °C)

waanlUsAuaaLUIMeasadunamuNTuIEAUA1eAulaA L Tduaneig
fusg1eiidedAny (p > 0.05) wagdlAliianmA1931n native wag control @A a way b duualiy
analiloAMTNTUYeIE SR IRULINTY TnenatanlusAudaLUsmeasialiunaudntusosas
0.50 IagiminvesUunalusiu wude L, a way b fA199ga uenantdual a kag b 1Ay
WNTuseraz 0.50 laeuvtinuesUsunalusiu Jauanaeanwatanilusiy native Lagwalaun
lUsiuyaatuay (control) aghditeddAgynieada (p < 0.05) 1 b anadilsAutudueLaliy

QI dy a L% aa 1 aa L% a
NTULARINDUATATETEMINENSIRTRUNUTUSAU (Gonzalez et al., 2011)
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Table 5 Color parameters (I_*, a and b*) of porcine plasma protein powder added with

various cross-linking agents at different concentrations.

Color
Cross-linking agents L N b
(w/w of protein)
‘Native 62.99 + 2.81° 1.07 + 0.06" 9.97 + 0.42°
"Control 6556 + 5.70° 0.76 +0.65" 10.29 + 2.17°
Rutin 0.6% 59.50 + 2.70° 2.04 + 0.26° 36.18 + 0.58°
Rutin 0.8% 58.53 + 3.60° 211+ 0.92° 40.45 + 0.83°
Rutin 1% 60.92 + 1.33 236 + 0.64° 47.39 + 1.31°
Caffeic acid 1% 3928 + 2.18" -0.10 + 0.01° 10.21 + 0.30"
Caffeic acid 2% 42.25 + 6.71° 0.11 + 030" 11.06 + 0.95"
Caffeic acid 3% 4453 + 3,047 0.33 + 0.52° 11.27 + 1.16°
Genipin 0.15% 64.47 + 2.16° 0.86 + 0.19” 10.95 + 1.05°
Genipin 0.35% 55.76 + 8.35° -0.56 + 0.74% 9.11 + 1.42™
Genipin 0.50% 55.16 + 14.91" -0.87 + 0.50° 7.89 + 1.10°

" Without addition of cross-linking agents.
Each value was the mean of three replications + standard deviation. Means in the same column with

different superscripts were significantly different (p < 0.05).

1.2.2 UszAvBnmnsidonuszanumanaunlusiu

MnMsAnImuinsivansiesdszaulaeldsiuiliuinansnesiily
dase (free  amino group) veswanaunlusAusidanauilofisufunaraulusiuluynaiuam
(control) warnanaulusiu native 7lilfiAnansdosdszau Jaunnssegnadtoddyneada (p
< 0.05) (Table 6) wagUTunmnsneziludaseiidtesfanidefisuiunsldnsanimdnuaziaifiu us
wusziunsdnduessAuiildlifnasorUsinansnoziiludass (p > 0.05) Usinansnexily
daszuanafeUSinmeriludasziimaeeglulusiu  dllmdesglulimaiitesuansiaianisdon
Uszanusennuusluanaveslusiulauin (Carvalho and Gross, 2004; Prodpran et al., 2012) 113
Fouuszanusgnindlinanalsfufearsdonszaruioasusznouiiuodnaniininanujisen
sevinanyezdilu (-NH,) vedlusAunazvylensenda (-OH) Yas@15UsznauueidnaIniiy (Prodpran
et al., 2012) d@uUsunamydalansa (sulfydryl group, SH) Suuiluuanas Lﬁaszﬁummvﬁwﬁwﬂmg
Fufivtiu FslauanssnmananTusiulugaenuau (control) wagnanaulusitu native (Table 6)
asgAuldlunsinwenaiujizenfunaiasnlusiuldflasiomzimumisonsnesiludaszvos
f1Bu Seilinsmesiludaszvesdnfuanas wonnduudamsdaulsnananlusiudaesiu nn
AWNEN wsalaliiiu oratntuselalasludnsenitamgesdnidn (aliphatic)  vSewngrauniu
(aromatic group) vasnsnazdlululassadavamanaunlusiu 1wy nsnezdlulnsdu (proline) Fany
Tuwanaunlusiu (Ramos-Clamont et al., 2003) uagnyrwmnuvesansiienyszau (Figure 3) g
asUsznounedTiueanfivuialuianalvguarduanamusnnazaansaaitsiusylelasindniu
Tuanaveslusauldfninarsusznounedtiusatisluunalinanaiiidn (Charton et al, 2002; Prigent
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et al,, 2003) $391n Figure 3 azifiuldinsAuisuIuIsumuIniian wazdsmuitnsdauUswatan
TWiushosAuiusinamyesiludaszanaswnnninsliiadfiutaznsaaumdniifidamumulios
n11 (Table 6)

wanaulUsAuifinsivasdeulszandagldnsnaundnfisefuaududuunneng
Aulivsunansnesiiludaselidannnataulusiuluganiunu (control) wagnanaunlusi native
(p > 0.05) ahuﬂ'%mmmg%’alam%awudwLﬁaszﬁum'}m%’wﬁumaaﬂmmLﬁ/\l%ﬂLﬂm%uﬂ%mmmj%alam
Safluunltiuanas Inefissiuanudiuduiosas 3 Ima13ﬂMﬁﬂ%aﬂ%mmiﬂiﬁu%ﬁmﬂ%mmmg%’alm
Saanawnigauaziiifosfignillefiouiunisldasdentsrarusiunaziadiiu lnefifinisanaq
unde 63% \llewisudunananlusiulugamuau (control) msiTuavydalaniavelusiu
anae@1UANINSURSATENSENIN Y dalanta (-SH)  uazvylensenda (-OH) vesansusznoul
wodna iy wagn1sinuiserseninanydalansaldluiuseladalid (disulfilde  bond)
(Prodpran et al.,, 2012) IﬂaﬁﬂsﬂmmaﬂmawLsﬁwﬁmﬁﬁ%mﬁ’umﬂazﬁiu%am%u (cysteine) 99
waranlusAuldAninnsldanssiunaziadiiu esannlunseesiiludamduiivg sH Tuluana uas
nsmewiludaimdudunsnesiiluiinuludendns (Ramos-Clamont et al,, 2003) 11338904 Rawel
et al. (2002a) Wua1 soy glycinin Fidinnsaaldn ﬁﬂ%mmmmazﬁiu%aszLLawagﬁz'}’alam%aaﬂaaLﬁa
Jeuiu soy glycinin Allldin Fansanauileanannianmdniinufizeniuledng (side chains)
84 soy elycinin wenantuudansldnsnaundnlunsiaulsnataunlusivorainiusslnaus
seninalusuresnatamnlusfunaznInanndn kuansailuy (quinone)  FaAnainufazen
ponTaduresnsanvidn vlinsaaudndauainisalunissudidnasouainlgdneesnsnesily
vreilafianunsalididnnsou (Rawel et al,, 2002a, 2002b; Prodpran et al, 2012) nsaaeiiluiil
Aanuannsalunsludianasouls taun ladu (ysine)  Famdu (cysteine)  way n3UlaLWy
(tryptophan) (Rawel et al., 2002a, 2002b) Fedansldarndvewaraulusiulusenitanissnuls
Fensanudniiidivdsuluediddimaiintuluseninsnisianusdadunauiainyfasen
ONTATU

wanauUsAufiinsivasdendszaulagldiaiiu dessduanududuiiniy
Usinamgeziludaszuazmytaloniavanasniign (Table 6) Tasanududuvosaifiuiesas
0.50 Tngtimiinvestiinalusiu fusinumyesiludassuaznydaleniaanasunniian uazuansis
nnaraulusiulugaaIuay (control) wagwataulusiu native ageldudAty (p < 0.05) N3
anasvesliunavyeriludaszuaznydalaniauansdsfinisidouvszaruiniu dsaenadasiy
nsAneluidNaa1AuaINIUITEVeY Bigi et al. (2002) wazluiau SPI 91n31UA8U09 Gonzalez
et al (2011) Tneidlopnududuresadifiufiuty aeilussansamnindendszafity saus
1M3Tv84 Yoo et al. (2011) Madfuduasidonuszaudmiunisnds (fixation) eviurialaves
%3 (bovine pericardial tissues) wuinaifiuansaduiudonlunsléifvasdoutszarndmiu
pericardial tissues 19 lnefiansanaudinianenin audiniena audiniedieil wavdanuduiy
Houidlowdeuiteuiu olutaraldehyde Faduasiadl Inefinududuvosadfiufiadulugig 0.1-
0.6% ﬁﬂﬁﬁmmﬂiﬂazﬁiuﬁmﬁaa&g (residual amino acid) lan glutamic acid, aspartic acid,
histidine, tyrosine, methionine, valine, arginine, phenylalanine, isoleucine, leucine Wag lysine
fulduanasegadaiier uivdimnsnozdluliwandnstuseninanududurenaifiud 0.6%
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WAy 1.0% @3u Strauss and Gibson (2004) wuiniiledmsrdruvesansusznevituednsensnoziily
dasrlulumanalusiunanwdviy  shlfAensdouuszaiulsfuanndu Saiviinunsnozily
Sasviwmdestanas dwmaliiansazanelushudidnuasmduaamniy
navesrinatsiienyUszarudouiinansnesiludassuaznydalonsaveanatan
TsAunuinsldsiuduasdendszawhliiiviinunsneiludassanawminiian sesasndonis
THadfiukaznsaaundn audiu Taenslinsaandniduasidenuszansilvduiinamydalan
Saanawnniian sesasnaensliiadfiunazsiu mudiu udllunandnsiueesiidodfynsada
(p > 0.05) ﬁﬁﬂ%mmwﬁamaﬂ% (-OH) vasluanazhiu (C,rH100,6) HUsHamylansendauinni
luanaveualiiiu (CyHy,05 ) wagliianaveansaAndn (CoHgO,) (Figure 3) lngsiullvunaluana
filvajign sosaunfelaidfiuuaznsanmldn sudiu fsuinsAuesiluanadilugunnnitusivgle
nsendarnnnIdainsunsizeniunanamlusiuldinnnindlefinsuanduiinaunsnesiludase
anasndign 91n93Teues Rawel et al. (2002a) I9BauiimrmiedhveansifinufAzenves
Tuianalusiuduansuseneuiiuednasiinldguiearsuszneviluedniinglensendaluy3unannn
uenniudusgiusumisemylansendalulasadsosamsusenoufiuedndas

Table 6 Free-amino group and sulfhydryl group contents of porcine plasma protein

powder added with various cross-linking agents at different concentrations.

Cross-linking agents Free-amino group Sulfhydryl group
(w/w of protein) (mMm) (x 10 mole)
‘Native 1.61 + 0.06° 5.20 + 1.17%
‘Control 1.42 + 0.08" 5.11 + 1.44°°
Rutin 0.6% 0.66 + 0.11° 547 + 0.56°
Rutin 0.8% 0.67 +0.12° 333+ 1.117°°
Rutin 1% 0.80 + 0.18" 3.46 = 0.27°°
Caffeic acid 1% 1.48 + 0.10° 4.47 + 2.89°
Caffeic acid 2% 1.43 + 0.07° 2.90 = 0.63"
Caffeic acid 3% 1.54 + 0.01° 1.91 + 0.33°
Genipin 0.15% 1.42 + 0.07° 4.17 + 1.44°
Genipin 0.35% 127 + 0.16™ 318 +0.70"°"
Genipin 0.50% 1.23 + 0.07° 245 + 0.41%

" Without addition of cross-linking agents.
Each value was the mean of three replications + standard deviation. Means in the same column with

different superscripts were significantly different (P < 0.05).
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o OH OH
HO 5
X oH O
HO =
H
Caffeic acid O~ "OCHg
Rutin Genipin

Figure 3 The structure of cross-linking agents used for cross-linking plasma protein.

1.2.3 FT-IR spectra Uadnsnataulusausnls

PinmsfnwwanaulusiudiauUswazldsuusnuiinfisundsndien fu wu
FIFUNUL 3278-3280 cm |, 1637-1640 cm , 1525-1541 cm  wa 1230-1235 cm (Figure &) &9
HuitedinuilUTulusau Inedunssnaiuansaiunnuees amide-A way free water, amide-|,
amide-Il wag amide-lll #1ud19U (Bergo and Sobral, 2007; Schmidt et al., 2005; Muyonga et al.,
2004) aansuueg amide-l LaAIN1ITEA-%A (stretching) 189 C=0 v83 amide TulUsAY aUans
209 amide-ll WARINITEULUUNITIE (bending vibration) 84 N-H groups waynIsEULUUNSER-e
(stretching vibration) 84 C-N groups dauawansuves amide-lll ishuvis 1237 cm’ wananisdu
Tuszuuwes CN wag N-H groups edWusy amide %3en15duves CH, groups veadlnadu
(alycine) Fslnadudunsnezalufilisndu (nonessential) ﬁwﬂmﬁamqm (Ramos-Clamont et al.,
2003) @ansuueg amide-A wang NH-stretching coupled sauszlalasiau (Tonhnuanchan et
al,, 2012, 2013) A1AN1TNARBINUTAYEIAUARTUYDY polyphenolic (Figure 4) Tugu phenolic ring
Fnanin158a-w (stretching) ¥89 -OH Fif s wavenumber 3200-3550 cm - waznnssely
32UV (plane bending) 83 —OH fisumls wavenumber 1365 cm” @31 aromatic rng LaMIN1S
Un-1a (stretching) v89 C=C fisunis wavenumber 1450-1600 cm’ waZKAAINISEULUUEA-1A
(stretching vibrations) ¥84 C-O/C-C fisumis wavenumber 1200-1300 cm (Bozic et al,, 2012;
Xu et al., 2005) UonNAmuRafis s wavenumber 1637 + 3.0 cm - wandlassadidluana
TUsAuLUY B-sheet @amidumia wavenumber 1641 + 2.0 cm  uanslassadnalananalusfiuuuy
3,,-helix wagfisumis wavenumber 1645 + 4.0 cm ' uandlassasisluanalusAukuy random
(Saguer et al, 2012) wWuiigrfunsnualansuiifidnuasadosufisiumis wavenumber 1630
cm waw 1545 e Fadufinres amide- way amide-ll Tufldu bigeye snapper way brownstripe

red snapper skin gelatin (Jongjareonrak et al., 2008)
Sothansienszanuusazviinuinaiansildnad Figure 5 Sswufinvesanssiu
fisuama 879 cm  aeandesiufindisiumis 881 cm  lusswanaunlusiusaudsiesiu (Fisure 4)
wanandisiveglulasiasiawasmanauilusiy wazdlielugiAntufisumis wavenumber 1434 cm™
ﬁuaqmwmauﬂﬂimumLLiJimsJimu muwmauﬂﬂimuﬂmmsm&quwuwuwdmmmumuﬂu Lm
AaTuisuvus wavenumber 853 cm ' wazdisums wavenumber 1072 cm” 3 amplitude 7
wiudntudioioufunataunlusiiu native wagnanaulUsiuygaauai (control) deitelvaiuagnns
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Wasuuwawesfiefiintuiudunmsiindunsisevemataulusiunazasifontszan denndes
funamsnseaeuUiinansnoziludasndeeggdunmanaunlusiusiouys drumatasnlusiu
Faulsiensanuildnldnuiinlnifatuuieafiunuiseves Nuthong et al. (2009a) dsldwudin
TusiiAndu uinuiinsaadniindunsfserduluanaveslsfuilfAnnaudsuutasmesiia
amide-| Tnglunidseiinunsideuulasesiin amide-l 91nfisuns 1640 cm 1Ju 1638 cm’”
(Figure 4)

Tusulunanaunvesdaiidesgnasus (mammalian plasma) Ussneudie Sayiiu
(albumin) $aeaz 60 Inaydu (globulins) Seeaz 36 nudrulngilu immunoglobulins waglnusly
19U (fibrinogen) Sa8ag 4 (Saguer et al., 2008; 2012) lny Saguer et al. (2008) AnwlATIas19ue
TUsAuanmsiases FT-IR vesansazatewatasn sayiu uaglnaydu (6% protein in D,0) 7l pH
YOIENTATAY 7.5 NUTATIRIuVLwes wavenumber 1638 cm ' Wufiafilanwiuluaansuves
immunoglobulins kagnuluailansursnataNILuiy wonantudeldsieauing wavenumber
1638 cm uansdumsAzernelulaana (intermolecular) #ilAssa¥1suuy antiparallel B-sheet
Faduieilndidosiulunsmaaesidanudl 16371640 cm’

Transmittance

1235

1391
85
P 1541

4000 3500 2000 2500 2000 1500 1000 500
Wavenumber (cm™)

Figure 4 FT-IR spectra of porcine plasma protein powder without and with cross-linking

agent: a, native; b, control; ¢, rutin 0.6%,; d, caffeic acid 3%, e, genipin 0.50%.
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Genipin

Transmittance

4000 3500 3000 2500 2000 1500 1000 500
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Figure 5 FT-IR spectra of cross-linking agents such as genipin, rutin and caffeic acid.

1.2.4 syuuulUsiuvasmeananainlusiunnuys

dothuananasnlusiu native sasvaeuguiuulUsAunuuauvedlUsAuid
5ﬁﬁﬁﬂIMLaqaﬂism1m 15, 24, 40, 48, 56, 66, 75, 125, 200 waz 250 kDa (Figure 6) AANBAULAY
TUsiuvememanaulusivgarugu (Wilduansgy) Ssuandiifiuinnsusu pH veamanaanlusiu
livinlsuuuuTusfuaeuly  wanaunlusfufisuuuulusiuaenadesfiuuaulusfuinulunuide
299 Lee and Song (2014) finuuaulusfuveamanaulusiuanidenansithmdnluana 28, 56, 66
uay 81 kDa uazsmAdeues Nuthong et al. (2009a) inuiwanaunlusiuainidengnsdseneuse
Sayfudidminliana 66 kDa daw woav-Inaydu (o- globulin) fwuinlanana 56 kDa way
win-Tnayau (B-globulin) fjminlutana 48 kDa



32

250 kDa —»
150 kba —»

100 kbDa —»

i Ll

75 kDa —»

50 kDa |

37 kDa ——

16 8111

25 kDa—» - -

20 kDa —» r—

15 kDa —» 1“ el
2

Figure 6 SDS-PAGE profiles of standard protein marker (lane 1) and native porcine plasma

protein powder (lane 2).

sunuulusAuvesnanataunlUsiuiifinsiivansideutssaunsazvinuazfiniig
WuTunee i (Figure 7) donndasiunaveInIsinszilsunnveinsaesiludasswasnydalansa
Tasnunauvestusiuidwidnluana 48, 56 waz 66 kDa danuduvesauanasetradiulidn ns
anasveslnulUsAuuansfsmainnsidendssaruvesluanalsiufuansdonysza Tnslams
nslsAulunsaaudsnataunlusiuluynseauvesnududu (ane 2-4) WuILN1TANAIYBILAY
TUsAusniian druuaulusiuvesmaraulusiudauussensanndn (lane 5-7) uaziaditu (lane
8-10) fdnunzadefunasnuwaulusiuiidminlianauszana 20 uaz 75 kDa dvoradunaain
mMsAndlndunmdnannisidesdssanuiu (Fort et al, 2007) uenantunisidansidouUsyany
nsmAEnuazedfudinlUsiuinnssuiaiy (ageresated protein) TUsiufivwnlngiduay
Tanunsapdoudiniueald Wudeatuauideves Gerrard and Brown (2002) wae Saguer et al.
(2007) fnunisiiewoduesuienissauivedlusiuillusiuiiminluanageluauldannsn
rumaitlunenls vilidiusavvedlusiiuiidnseguu stacking gel drumanaunlusiudauusiesa
unuiavredlUsAuAnMINeeneliving wanstenisidouuszauvedananalusiu Feiinagnn
MaAenediwelsatuvedlusau vlvlusiullazaredh Jeliiusinguau (Gan et al, 2008) &
UITeved Fort et al. (2007) @nw1 SDS-PAGE profile suaqLﬂawmam‘lﬂﬁﬁumﬂLﬁamqﬂﬁﬁlﬁm
microbial transglutaminase (MTGase) wulkauvadlus@u 4 bands ﬁﬁﬁmﬂ'ﬂimaqa > 220, 139,
88 uav 50 kDa innsanemelusgdaauilefisuiueanataunlusiuyaniuay (without
MTGase) Fsorafinnnsideulsyaureduanalsiu uasnisinvesediues Ahiniinluana
g9 > 220 kDa umsBuduinAinmadesuszaunaraunlusiuiu MTGase Wuiieafuauideves
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Nuthong et al. (2009a) nuinguuuulusiuvesiidumanaunlusiufiiunsandndisefuaina
Wudy 3% AuduvestaulusAudayiu (66 KDa) uazieant-, lud-lnaydu (56 uag 48 KDa)
anas WewSsuiflsuiuiiduyaniuau (contro)  wagnulusiutianissiudiulasnuuausguy
stacking gel MaLdonUszanldunaranlusiuanidengnisonsnndnduiusyladaliduas
Wusglaausnililewuseladalng (Nuthone et al, 2009a)
NWATBINTARLUTNAEUNTUSAUMIBANTIAY NIaaBn uaziallity fisgfupiy
LTNTURANGE) YIURSAIYTAD freeze drying ﬁﬂLﬁaﬂgauﬁﬂamLé’n’u%u%'aaas 0.6 TnethudnuosUsuna
Tsiu nsnmuidnitmnudududosas 3 InethninvesUsinaldsiu wasedfiniinudududevay
0.5 TngthwiinvesUFunulusiu failussavsnmlunisidoudsyauiiian TasfinnsananAiuiana
nsnerdiludaszvomataulusiu Usinamydalansavesnaraunlusiu FT-IR waggduuulusiuain
SDS-PAGE witerunviinisdauusnanaulusiivuasyiuieseds spray drying iitewSeuiisunaves
WanAUSAURALUS TR LN UTdaeT3 freeze drying

Aggregated protein

} Stacking gel

250 kDa —»

150 kDa
100 kDa
75 kDa

50 kDa
37 kDa

25 kDa
20 kDa
15 kDa

IR

[y
o
=
O
W)

Figure 7 SDS-PAGE profiles of porcine plasma protein powder added with various cross-
linking agents at different concentrations. Lane 1: standard protein marker; lane 2:
rutin 0.6%; lane 3: rutin 0.8%; lane 4: rutin 1%; lane 5: caffeic acid 1%; lane 6:
caffeic acid 2%; lane 7: caffeic acid 3%; lane 8: genipin 0.15%; lane 9: genipin
0.35%; lane 10: genipin 0.50%.
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1.2.5 audinanuiouvesrslulasialganarauilusiiu
audFneAuTeuvenaalUsiuAnwmeglutigamgil 35°C fia 200°C
wuiwramswanaunlUsAusauUsuarlaisnuUsTien Tonset » To %8¢ Teng 88MUY 164.61-173.50°C,
167.45-187.04°C WAz 167.46-196.93°C pud sy (Table 7) Gsgaumaiivesdn Ty (denaturation
temperature) Aensiasunlasgumgiivedlusiuiosnnsideaniwsssund daud AT Aot
gaunilvesiia Ty 91nNsANINWITElUsAUNUIIUTAUYEmS camelina glutelin fidneglugae
131-141°C Tuaausdi globulin fraction Wufl 115-140°C (Li et al., 2015) nevaslushiu lentil protein
isolates (LPIs) 3if1 Tp oglutae 118-123 °C (Joshi et al, 2011) uavnauisvadlusiu chickpea
protein concentrate (CPCs) Wuindle Tp 8gludae 127-135°C (Ghribi et al., 2015) WAvas Tp
avviouliiudansgniany  (disruption)  veunaluanavesiegislussninanisiinnuioulas
Tnssadumoswhodmerony  gnvhae  serniinainnisaanesiy/unneenvesiusylelasiauiia
aelunazsznindananadiviivthilunisidu  polymeric  chain  (alpha-helix,  beta-structure)
(Nuthong et al., 2009a) 91ANISANBINUINFIBE19WE control PPP uaz@I9e 19K native PPP flpn
Ty uay AT liunnsnsfueeheiiodfey g Aifegans control PPP §in1su$u pH waznsliaan
You Faavyiliiuslalasiauiiliufauss (weak bond) gnviansuaslvilien T, anas uansin
nsvvIumsienalinsenudeautinisaufouven  aenndastunuideilinunisidsunyas
Tudldunanaunlusiuves Nuthong et al. (2009a)
MnMsAnMsleNysraunanaulusiudeasiadfufinnududy 0.35% uay 0.50%
wuhfinsdsuulasgamgdl (transition temperature) figetu edunaldanmsiiutues T,
waran AT dlaFeudisusunsidansifentszanusiadu Alinuauunndianin unmodified
PPP  wanrinsidenvszaniluanavedusiusnsansiadiiu  vilifinanuadesmanudeu
(thermal stability) dhumslénsnaundnuazsavlunmadenussauluanavomanaulusiu wui
A Tp lﬁlﬁLﬁN%ULﬁ@LﬁUUﬁU unmodified PPP uaﬂmﬂﬁﬂWii%msiﬁuﬁ]ﬂﬁﬂ%mmmauﬁiuﬁaiu
ammmnwam (Table 6) immﬂmwmmmmdmLaﬂamwumﬂmsmmaauma SDS-PAGE (Figure
7) enuiildnanliud mLmemﬂﬁUm'ﬁﬁmumumsLﬁnamﬂiuamﬂmmmﬂaauuﬂaqm T e
\Wisuiflsuiu unmodified PPP Seradandnidenadosiunuideres Carvalho and Grosso (2004)
fifnwmaidenyszauiidueadusnoeulsl  transglutaminase  egslsAnunisligauiiam
Wty 0.8% fien AT finfauaglsimatunisidadfiuduasdenysyan @nnududu 0.35% uaz
0.50%) Tuvniefinisldnsaaundniiannadudu 1% i AT funndnisléfeududu 2% wae
30 Bausiladldilidian T, adu wivhliiedisdaruansolunmsuenmndsonisldanuld
Tuthefinetufesinmsideanm (denaturation) vhlsilnruatiosmanudeuiiuty eehslsh
mumsldsAuinsduduinnndt 0.8% uaznsamidniirududuinnnd 1 % envazanmiiuly
Tunsdvifasendulusiu meldlutiinadunlallédfnayilfauifineausoundu
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Table 7 DSC characteristics for porcine plasma protein powder added with various natural

cross-linking agents at different concentrations.

Cross-linking DSC characteristics

agents Tonset (O T, (°O) Teng O AT (°Q)
*Native 171.68 + 617" 172.52 + 6.33" 174.80 + 6.13" 313 + 0.68°
*Control 169.05 + 4.42" 169.78 + 4.73" 172.41 + 555" 336+ 1.61°
Rutin 0.6% 166.59 + 537" 167.45 + 5.23° 170.79 + 4.94% 4.19 + 2.36°
Rutin 0.8% 168.31 + 1.60" 172.23 + 1.85" 190.23 + 6.86° 21.95 + 8.27°
Rutin 1% 170.73 + 7.95" 171.72 + 8.12° 175.26 + 830" 453 + 1.69°
Caffeic acid 1% 164.76 + 2.94° 167.18 + 3.12° 176.08 + 2.81% 11.31 + 0.61°
Caffeic acid 2% 168.11 + 1.49™ 168.76 + 1.86" 174.15 + 2.68" 6.00 +2.12°
Caffeic acid 3% 164.61 + 2.06° 165.18 + 2.42° 167.46 + 3.29° 2.85 + 1.28°
Genipin 0.15% 170.85 + 4.68™ 172.48 + 5.12° 178.46 + 6.98" 7.61 +2.86"
Genipin 0.35% 173.50 + 6.15° 180.16 + 2.18™ 196.93 + 4.51° 2343 + 2.41°
Genipin 0.50% 172.42 + 0.28" 187.04 + 11.30° 194.69 + 9.23° 22.28 + 9.08"

* Without addition of cross-linking agents.
Each value was the mean of three replications + standard deviation. Means in the same column with

different superscripts were significantly different (P < 0.05).

1.3 navasvdnuazaudutuvasasidontszarunanisifouszaulusaunatanian
zﬁamynsfﬁwwmmmms spray drying
1.3.1 dvesalUsiunaaufnuys
vilauazsesumutituresmsdonyssauildfaud swanaulusAuLagsitu
M5uEdae3T spray drying fnasiedd liun AAuasne (L) anududuns (@) way anudud
wdes (b) vessanaralusiu wumslishu nsaaudn uaziaidfiu viliend L uaz a vesns
wanaulUsAudauUsanas Welflsufumatanlusiu native uazwataunlusiuyaaua (control)
dunanalusfudaudsieshuiinnudutudosas 0.6 lneduiinvesumalusiiu fad b un
fign (Table 8) luvagiinanaulushudauusiensandniianuduiuiosas 3 Tnetminves
Usnaulusiiu 84 b liusnsnsannanaunlusiu native wazwanaunlusfuyaniuau (control)
Feidnunrurnguemaiinaonde dunaraulsiudoudsiondfuiinnuduiuionss 0.5
Tasthwnuesudinalusiu fdd b desflgndeulumadiniu aonadesiudnumsosumaias
TusAuiidddiiuseu lnedfiAnduiAnannisideoutszaruvesansadfiufunataunlusiy
(Gonzalez et al,, 2011) LﬁaLﬂ‘%&ﬁuLﬁaui%“mﬁv‘hLLﬁqwudqmwa']amMsauﬁmLmié”wmﬂ%am
Usganu Yiuviesneds spray drying asiidnwnignaiaziBenniinisviusiagis freeze drying em
DunsiTdnvauzunda LLauN\‘iW’dWﬁN’]IUWmVWHLL‘MQWJEJ’]ﬁ spray drying a]ﬂmma L,a wagb
MndmanananlUsAuiuisieds freeze drying Hanisanasuesdd L, a wag b o1ailunasn
MNASEUIUNMSTURe3E spray drying Wunszuaumsiigedldmudeulunssamenioanain
fetheddldumgligs viliiAnujisewaanse (Maillard  reaction) wdlaiilsitisddeafuieulss]



36

(non-enzymatic  browning) uARN1TIUABULUAIETBIAI0E1ININNTINTTYIIUAIAETT freeze
drying Nldgaumgiilun1sviuvieninda (Sarochwikasit and Tangduangdee, 2011)

Table 8 Color parameters (L*, a and b*) of spray dried porcine plasma protein powder

added with various cross-linking agents at different concentrations.

Cross-linking agents Color

(w/w of protein) L a b

‘Native 5542 + 0.52° 1.04 + 0.19° 7.93 + 0.42°
"Control 60.74 + 2.04° 1.31 + 0.84° 876 + 1.83°
Rutin 0.6% 50.64 + 0.99" 111 +0.37° 27.38 + 0.40°
Caffeic acid 3% 4582 + 2.35° 0.10 + 0.52 9.01 + 0.49°
Genipin 0.50% 54.07 + 0.36 -2.41 + 0.08" 352 +0.19°

" Without addition of cross-linking agents.

a, b, c

*“ Different superscripts in the each column were significantly different (P < 0.05).

1.3.2 UsgAnsnmnadonUszanulusiunatan

WU lUTAUAALUS YIWARa8735 spray drying aziUsunaininaziiludasy
891 wasilivTinamydalensaveanataulusiutosniinisviuianiels freeze drying (Table 9)
sniunislénsaanadniinnudududesas 3 wavdfufienududuiosas 0.5 vesUiualusiiu
mi‘ﬁﬂ%mmﬁyj%’alam%asuaﬂﬂaﬁuwmamﬁvﬁLLﬁaé’asﬁﬁ spray drying §A11an3175 freeze drying
ordunsemsviusieineds spray  drying  1unszuviumsiusieiildanuieuga (nlet
temperature 200 °C) vilvmsguinufizereenginduluseninanislininusou vliiusunamy
Falansaanas (Owusu-Apenten, 2005) uenantuautoussiinavinlilusiuinnissinsfu
(aggregation) Aawwusgladala (Wuse S-S) wag hydrophobic interactions (Guilbert et al., 2002;
Perez-Gago and Krochta, 2002) e?faLﬁuﬂw3L%auU3zawuﬁLﬁmﬁy’qmsﬂuuamwdwﬂuLaqa FaArtos
ﬁuﬂ‘%mmmmazﬁiuﬁmﬁaagﬁummmagﬁiﬂa% (lysine) wazdawndu (cysteine) (Park et al., 2002)
dlewSsuifisuusiarisnsiuiwesusazatsifenuszauiild wuin nsviuiadneds freeze drying
yosmananlusiudauUsiesiuiiautududosas 0.6 vesuiinallsiu fusinunsnoziludass
toeiiagn diunaanlusiudauUsensaauidniiauidutudesas 3 waziadfiufinuiduduies
az 0.5 vesUTInalusiu fuuumydalansaliunndstunasiidfosiian daunisvinursdeds
spray drying Wudmmam‘lﬂsaué’ﬂLLUﬁéﬁagﬁuﬁmwm%’wﬁﬁaaax 0.6 YoUsHIAUIUTAY HUTu
nsneziludaszilesiian Weiflsuiunsldnsnaumdnuaziaidfiu Sslanaguiierfunsviusieieds
freeze drying (Table 8) $1W338U83 Owusu-Apenten (2005) wudnluwsAy (raw milk) dUTanamy
Falensa 5.9 pmoles/s ilovhuiese3s spray drying (inlet temperature 145-150°C) wuindl
USinamydalansaanaaunie 3.3 umoles/s warluaideues Ko et al. (2007) Anwinislviaiy
You (2590 °C) wazarlunisliaiudou (10-60 min) unlusiu tilapia actomyosin wuinidle



37

gaungisaus 55 °C waglimuieuilunaiuiuiy sgvililsununydalansaves  tilapia
actomyosin anas N1sanasveIUTInuMYdalensaiigamall 55 °C uag 65 °C LAnanuddalansa
aelulana (intramolecules) Waldsuausauiaduiiuseladalna

Table 9 Free-amino group and sulfhydryl group contents of porcine plasma protein

powder added with various cross-linking agents at different drying methods.

Crosslinking agents Free-amino group Sulfhydryl eroup
(mM) (x 10” mole)
(w/w of protein) : : : :
Freeze drying Spray drying Freeze drying Spray drying
‘Native 161 +0.06"" 413+003”° 520+117"°  166+025"""
"Control 1.42 + 0.08"" 369+007"°  511+144""  116+039""
Rutin 0.6% 066 +0.11°" 235+003”"  547+056"° 212+006" "
Caffeic acid 3% 150 + 001> 411 +020”° 191+033"  211+033>%
Genipin 0.50% 1.23 +0.07"° 397+001"°  245+041" 271 +011°%

" Without addition of cross-linking agents.
*® Different superscripts in each row were significantly different (P < 0.05).

5 Different superscripts in each column were significantly different (P < 0.05).

1.3.3 FT-IR spectra vouslUsAuNaa@uInnunls

alansuveanadnlusausauUsiazlddnuys viuieneds spray drying &
Snwazadneiu IRafisumnddndifestu Fanufindl wavenumber 3280, 2960, 2930, 2870, 1639,
1534, 1394, 1234 uay 1077 cm (Figure 8) uavnuimanaulusiusaudsiesiu nsnaumdn
waztadfiu fnnsiUasuulasiisiunis wavenumber 123¢ cm” U wavenumber fitioandn 1234
cm WAndes wanaulusAudawUssaeadfiunuiiafigiumia wavenumber 1074 cm’
amplitude wosfingauaziaudndign Weifsuiunsldasdendsraruvindu waznsliiadiudy
ansidendszanudmuiiniitiniulmliintudefidumis wavenumber 984 waz 849 cm (Figure 8)
dewSsuiisuauansuveanaraunlUsiuiiviuisdneds spray drying (Figure 8) wazis freeze
drying (Figure 4) wunawansureswanaulusiufiviuiedaeds spray drying 92 amplitude vos
fpgauazifiudninnnitNsiuianels freeze drying UonINTUMSTURIE83E spray drying WU
fipTisumUs wavenumber 2960, 2930 way 2870 cm  Maudangn 099N NTLUIUNNTYI TR
9199z dNane amplitude yasfiaidauiy Inofiafidums wavenumber 29222933 cm’ udns
Tnssasevadlusiufiinnisin-va (stretching) wee CH wag -NH,  (Muyonga et al, 2004;
Tongnuanchan et al., 2013) fifidunis wavenumber 2853.62 way 2923.58 cm ' LAAINISLAN
AsdunuUBaua (stretching vibration) 484 methylene WUU asymmetrical kag symmetrical v84
aliphatic C-H Tu CH, wag CH5 groups (Tongnuanchan et al., 2013)
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Transmittance

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™)

Figure 8 FT-IR spectra of spray dried porcine plasma protein powder without and with cross-
linking agents: a, native; b, control; ¢, rutin 0.6%; d, caffeic acid 3%; e, genipin
0.50%.

1.3.4 syuvulusiuvesnanainlusiuinuys

sULUUYRLlUTAUYRINANaNUSAU native  waznaraunlusiuyaaIuRy
(control) dikaulusfuaanys) fiu ﬁﬁmﬁﬂimaqaﬂssmm 25, 50, 56, 66, 75 wag 200 kDa (Figure
9) LLGil:JWUﬁﬂfmﬁﬂImaqaﬁm’h 25 kDa Witlileaainnszuaunsiuiaineds spray drying Junns
Taufeuiigungiigs vililusfufitiudnluenamadnifenssuiiuduluenailnguld
dunanaunlusiusinuusmesiuiianududuiosay 0.6 nsnausdniimnududuiesar 3 wazie
Sfufenudududesas 0.50 vesUTunalusiu wukauvestushuiihwinluana 25, 50, 56, 66, 75
LA 200 kDa 919a¢ wazuuauvedlUsAumeludleiisufunanaunlusiy native uagwanasn
TusiugamIuAs (control) Taslamznanaunlusiudauusimedesiuianududuiesas 0.6 veq
Usmnadlusiiu wudrfidvidnlaana 50 uar 56 kDa fnsrengllainniian Sshumstanaridy
sunisvaslusiulnaydu (Nuthong et al,, 2009a) wagiiumiinlanana 66 kDa fuaulusfiuaisas
fansanasvidorasesaulusiusansdamadenyszaulianalusiu uenandugmuiinislds
Auiimnuitutudesas 0.6 veswTualusiu waznsamidniimnutududesay 3 vesUunalusiu
MAlUTAUAANTTINAINY (aggregated protein) ﬁ‘l:fmﬁﬂimLaqaqaﬁﬁu%wzé’qmmLﬁuLLamJaﬂiJiﬁu
F9uu stacking gel navaswaulUsAuTildaenadasfiuusunansnosiludassvenanaraunlusiuse
wsshesAufirnududuiosas 0.6 vesUsunalusiu Aiflawiesiian (Table 9)
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Aggregated protein

} Stacking gel

Figure 9 SDS-PAGE profiles of spray dried porcine plasma protein powder added with various
cross-linking agents at different concentrations. Lane 1: standard protein marker;
lane 2: native; lane 3: the control; lane 4: rutin 0.6%; lane 5: caffeic acid 3%; lane 6:

genipin 0.50%.

2. wavaamsiauualgladu (encapsulation) @1sainAIUSIINYIRAENAENTUTAUINNLGRA
4ns
2.1 audanainegnssuavasdiadu
Snwrunnguesdiatunngnsiidnvamiediatuiilouasden lasdiadugnsils
nedweinaaniusiulddaudslunsinfuihiunonssmveiiuuazgeaudalidvnue  Induves
ihifuouszve - dhugnsiilimedueinanaulusiulaidauyslunstnifviiunesssmenylaiuas
nanaunlusiudaudslunstnifuiifumeussmenglad ganduia wasaiiu Sdaduifvdoniauas
finduvenisiuneussmeuiy Inedvesdiatulunanindveniduvenssveuasdvomediuos
WAt lUsAuAAwUIAE AL
auUAinamuInenseuavedtadtunngnsvemaranlusiudnuusias lidauwusly
nsinfuthifuveussveniiu aglad uavgandusa fdnsndn W-C whiu 4:1 way 3:1 Swgfnssw
NM5LMaLUY non-Newtonian Iaeflanuwauziuu Bingham plastic fluid (Table 10) @wnsaesuiuls
puauns O = 0o+ Ny GedsaduaniAanislualéedldsumududou (0) mnninnandu
AsIN (yield stress; Go) Faaviinnslva wazeuwilnvesdiadulituiusasidon Wuiefud
wuhansagaewanaulUsAUTIiu 835 freeze drying Aanudiudu 2 % fingAnssunisivauuy
Bingham plastic fluid (Samsalee and Sothornvit, 2014) d@uasazatevasnataulusiulidaids
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(control) laildfnifvinduneussmedian 6, wnfianuazuandrsedisdideddyidefioutuisy
WoUSEIMENG 3 ¥A 19 2 SMSEI (4:1 uay 3:1) wansInsRNTTueNSEEYIBaRAY o, vln
dadufanisivaity  SsmswBsuuasaudimaiuivenssuavesdiadueorainnmirduney
szvevihmthilfunanadlowefiinluunsnmssrirsluanaveswanasnyilvussdamiensening
Tuanaveananaulusfuinnssewsnasidlualdie  ilildussSuduieliinnislvaanas dw
N Aedulsvansarumiln (coefficient of viscosity) v3aiFanvialudn anuwila (viscosity) Sanlsl
uenENAusgltedAgy
FothwanaunTusfusudsuldfniividuenssmenuidiaduveniifunen
severiiuwariiiuvoussvegadUiaisaessnsd e O, anas dawen 1) Tuuansnstu e
vy control daudsiadunataunlusausaudslunisiniuintumenssvensladiian o, 11nnin
Siladuriindu saudellen 1) intuedadited ey Inefidhsidam W.C whiu 3:1 azild1 G, wnnd
fdamdn a1 wandliiuimsldTasvorudunaranTusfudauushutunistiindunenssve
pelasdodlasuusaduslunslvamnniy efiasanihifuneussmeiigniniiulne Tanviousneiu
WudﬂﬁgﬂﬂwamizmaﬁufuuazﬁﬂﬁwammEJgmﬁﬂ@fﬁﬁé’mwéau W:C Winiu 4:1 wag 3:1 dA1 O,
wazan 1 Tlusnsetu sncuihifuneussvensladiinuiude Tanverudunanaulusfudoudsas
i G, war M WAy enmAnnnesduszneumaniivenintunylesiilosdussnoundniduman
citral g citral aunsaviufisendunedwesnaraunlusiudauusviilaluanavuinlvejdanal
feumiafiaty  swhesddsznoudug  ssniuneussvengladity  myrcene waz  oleific
terpene dlefinsdudaonnavseuasazyhlninnedimeslswdu (Skaria et al, 2012)
Table 10 Rheological parameters of emulsion unmodified porcine plasma protein (PPP) and

modified PPP incorporated with or without an essential oil as a core material.

Emulsion W: C Parameters
Wall (W) Core () G, (mPa) 1M (mPa.s) R’
PPP - - 30.15 + 8.47" 4.78 + 1.48° 0.9843
Turmeric oil 4:1 3.26 + 0.36 4.59 + 0.24° 0.9983
31 3.13 + 0.47° 4.58 + 0.37° 0.9982
Lemongrass oil 4:1 8.58 + 8.55° 4.58 + 0.77° 0.9954
31 2.13 + 2.03° 4.55 + 1.67° 0.9991
Eucalyptus oil 4:1 1.77 £ 0.70° 4.27 + 0.40° 0.9985
31 1.85 + 0.49° 4.46 + 0.15° 0.9979
Modified PPP - - 32.38 + 1.59° 3.10 + 0.07° 0.9832
Turmeric oil 4:1 5.87 + 1.50° 7.92 +0.64° 0.9980
31 582+ 1.75° 8.56 + 0.79° 0.9983
Lemongrass oil a:1 2221+ 11.55° 19.98 + 12.89" 0.9912
3:1 45.70 + 14.89° 16.68 + 2.33" 0.9873
Eucalyptus oil 4:1 123 +021° 5.93 + 0.24° 0.9995
31 1.13 + 0.08" 6.30 £ 0.57° 0.9995

Each value is the mean of three replications + SD.

Means in each column with different lowercase superscripts are significantly different (p < 0.05).
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2.2 audanaainienmvasealulasuavganarauilusiy
nsdlluifithiumenssmenuinaumutuwemedwe snanaulusiulidnuys
waznaranlusAuAanUsldunnasiuegslitdedifey (Table 11) @wuAnomesioniin (a,) V89
waraulUsAdldfauUsumnssnnanau UsiuiauUs (o < 0.05) msiuitunenssmerili
UhinuaruiuveshilasuadganmodmeinarauiusiulifaulsuasdauUsiananas snuiulalas
uegaresiinedenanaulusiulildfauusuasdouuslumstnfuidunenssmeniiu - (W.C
Wiy 3:1) SUSinaeutuiintuusliunnsnwediesildiniuidurenseve annsine
nundlilnsuatgarimuadviinuatueglutig 7.54-1260 % Tnsvhluviinueudunes
g1suiagluyie 3-10 % U%uwmmm%}uﬁuaamiuiﬂﬂmﬂsgaLLa3@mwgﬁiuﬂmﬁu%’ﬂmﬁmaaiamEg
lumsiiusnunvesn@nsing (Quispe-Condori et al., 2011) NQVLJJIﬂiLLﬂU?‘]WUENﬁgGW’e)aLiJE)%WEﬂﬁiﬂ
Iﬂiauhﬂ,éfﬁmLLUiLLazéfmLL‘LJﬂumiﬁ’ﬂLﬁuﬁﬁﬂummzmagméﬂﬁa aiiy wazezlad (W.C wihiu 3.1
waz 4:1) 1A a,, Wiusnsnsiuegeiitdudfny aglugie 0.380-0.427 (Table 11) fawdiinagldned
wefwiafulunsinfvion Taeer a, veswstiosndt 0.6 Geduviddnlngfliansa
wigysAulale (Laokuldilok and Kanha, 2015)
nsdThifhiunenssmenuiwemedwesnaraulusiudauUsuaglddauusivien  Lr
uay a* llumnsnedu wid b* sy Teefimanamnlususinudsiesiulian b* gandmataan
Tusiulsisauys (flesanduessiu  diundlulasuaugavesnananlusiudauusuaghisauusluns
Ffuhsuneussmes 3 v fed L Liwnnssiueteiitoddy dne a* war b* e
LLmﬂGiNﬁusﬁua&JﬁwﬁmﬁuaqgﬁﬂummmaﬁﬁﬂLﬁu dunslulasuadgaannanauilusiudauusiay
lifauUsiitnifiuvidfunensuivengladsaessnsdiures W:C ddn L*, a* way b* ladusnsnedy
waznufien a* way b* gendnslulasuaugadidnifuitunenssimegmaufauasaii Sauanss

o w

nnadwaswaraunlusiululasaudsegelitedey (Table 11)

o



Table 11 Physicochemical characteristics of unmodified porcine plasma protein (PPP) and modified PPP microcapsules incorporated with or

without an essential oil as a core material.

Microcapsules Encapsulated oil W: C  Moisture (%) Ay Color
L* a* b*
PPP - - 10.98 + 1.49° 0.427 + 0.012° 6556 + 5.70" 0.76 + 0.65° 10.29 + 2.17°
Turmeric oil 4:1 10.78 + 1.10° 0.408 + 0.008™ 7567 + 1.07° 3.07 + 037" 1712 + 1.65
3.1 12,60 + 2.12° 0.398 + 0.013" 68.73 + 9.01" 282+ 082" 1587 +2.61°
Lemongrass oil 41 7.54+084° 0.398 = 0.008" 64.74 = 9.49° 6.03 + 3.15° 36.30 + 1.75°°
3.1 9.36 + 0.63°° 0.412 + 0.015™ 64.39 + 4.47" 588 + 3.53° 3094 +2.14°°
Eucalyptus oil 41 871+076" 0.407 + 0.004™ 67.50 = 9.02° 3.24 + 0.59" 15.04 + 1.14°
3.1 9.41 + 0.5 0.415 = 0.009™ 7011 + 754" 3.19 + 0.74% 15.86 + 2.36°
Modified PPP ; - 10.68 + 0.17° 0.380 + 0.002° 59.50 + 2.70° 200 + 0.26° 36.18 + 0.58™
Turmeric oil a:1 9.43 + 0.80°° 0.417 = 0.009™ 64.70 + 3.66" 235+ 014" 3156 +0.93
3.1 12.43 + 1.92° 0.413 +0.016™ 6572 + 1.90" 155 + 0.18° 3506 +3.19°°
Lemongrass oil 4:1 8.26 + 1.25" 0.402 + 0.013" 60.69 + 2.78° 4.92 + 0.28% 39.20 + 1.90°
3:1 9.66 + 0.41°° 0.408 + 0.008™ 59.23 + 6.48° 5.79 + 1.46° 38.13 +2.98°
Eucalyptus oil 41 858+205 " 0.406 = 0.017™ 60.28 = 6.65" 1.46 + 0.30° 3327 + 449"

d

31 1021 + 1.72™ 0.401 + 0.019” 68.56 + 539" 0.95 + 0.06° 3716 +2.73°

Each value is the mean of three replications + SD.

Means in each column with different lowercase superscripts are significantly different (p < 0.05).
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2.3 UssAnBamlunisinifuhiuenssevasnslulasuavsa
U'%mmﬁwﬁu@aszﬁaﬂ%mmfwﬁwamzmaﬁagj1'7iﬂw’%amauaﬂﬁuaamﬂﬂm&,au
uAUga (Karaca et al, 2013) dsannsavsuenusyAvsnimlumsinfivinsunenssmevomdlala
siounaUga Mnmsvaaamuindlulasualganataulusiuilildnuusililunsinifuiiiume
semeniiu (W-C iy 4:1) thifuvenssimenglad (W:C Wiy 4:1 uag 3:1) wasweRioiwanaan

% 8

Tsudawdslunsiniuindureussmensausinvemsaesdnaduivsinadiudassdesiign

o w N

wazluuane1eg1eiidudegy GumzmwaaLmai‘waﬁauﬂﬂiaulajﬁmLL‘LJiMﬂWiﬁ’ﬂLﬁuﬁﬂﬁummzmagm

>
1%
a = J

a U U a a 9°J U % 1 1 o v =Y EOI o a 1 % v
AusanuINTUSuanudastunIu wionsiai W:C ldvinliusunandudassuanmnaiy anvu
nsdinsAnAvLTutiumenadwasnataunlusAulisauUsRons1du W:C windu 3:1 7AiuSuu
?:’ v Aa A 1 a @ o Y & 1 [ 1 =1 1 a 96’ LY
WhffuBassanniignegeildeddny (p < 0.05) wansliviuingnsidves W:C dnasausuiaiiiiv
dase TneastiuSunamedwesnlduasUsunanisiuneussmenazinduludndiuiwunzauilivinle
TUsunanifudasenlisniAvlulaseadrwemediuasuiniy

Table 12 Free oil and encapsulation efficiency of unmodified porcine plasma protein (PPP)

and modified PPP microcapsules.

Microcapsules Encapsulated oil W: C Free oil Encapsulation
(%) efficiency (%)

PPP Turmeric oil 4:1 0.63 + 0.15° 86.05 + O.O7b
3:1 2.78 + 0.39° 71.07 £ 717

Lemongrass oil 4:1 0.37 + 0.26° 95.35 + 3.66°

31 0.40 + 0.11" 95.48 + 1.55°

Eucalyptus oil a:1 153+ 0.67" 86.18 + 6.19"

3:1 1.96 + 034" 93.33 + 7.89™

Modified PPP Turmeric oil 4:1 0.17 + 0.08° 95.32 + 2.59°
31 0.37 + 0.04° 92.48 + 2.40™

Lemongrass oil 4:1 0.20 = 0.1° 96.58 + 2.29°

3:1 0.10 + 0.02° 98.44 + 0.54°

Eucalyptus oil a:1 0.27 = 0.14° 92.33 + 3.88™

31 0.50 + 0.16" 90.85 + 3.86

Each value is the mean of three replications + SD.

Means in each column with different lowercase superscripts are significantly different (p < 0.05).

defansanusgavsamlunsiniiuindurenseive  (Table 12) lngAuinain
UsinauhdfuneussimengniniunslululasualgawazUSunaniniudassneduwesnlduaginiiu
wensymeviafeaiu nuirUssdvsnmlunistniuiniuvensemelidnsiunidnsdi Wi sy

Y Ao ! [ a 3 a 5 v = )

g iungnsIa WiC wihiu 3:1 vesmedwesnanaulusiulidauuslunisinfiuiidunenssimve
2~ a a [ =3 S o v = = & a e 5 v oa a
viudiusgansamlunsiniiuihdudesiian (71.07 %) Fulunaunaniivsunaiudaseiiives
llaswaugaun dwaluiivsunanhduigniniunglulilasuedgatios Juililadszavsnmden
druralilasuaganaraunlushudauuslumsiniuindunenssvens 3 alln Adwsidm WiC
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Wi 4:1 way 31 wundvsunaidudaselaueneneiy waziusyansawlunisinuingiuvey
% 1 gj ci{/ < 2 a I3 =1 (v d' N~ [ 1 v q'

semeleunndl 90 %  viellasiulidinedweinataunlusiusnuUsldduianvovuaunsoiiy
Uszansnnlunisiniduinsiuneusswelaniy  Inswenizdseansainlunisinifuiniuneussme
LU 95.32% way 92.48% 270 86.05% way 71.07% Nonsidid W:C widu 4:1 wag 3:1
pudwu sadamsldwedwesnaraunlusiudaulsiluianverinundurenssmensausianuing
USunuusudasstayad 7’5&611";aaﬂé'm'mmﬁmJaﬁ%maaﬂ%lm'j’uﬁuaqﬁ']ﬁuﬁgﬂf"’fﬂLﬁuvlﬂmsﬂ,umlu
lasunugalafnda ibiannismduiiuuazinanglunisiiuinen (Quispe-Condori et al, 2011;
Karaca et al,, 2013) ssuudadutladudrdgisesmuaulifivsinandudasstasian

NMUATEVY Liu et al. (2010) wuInsinAulnsil flaxseed @aeLaafiu
1 (v} v} a A Yal a a [ I3 96’ L Y I A A goj U Aa
Sfuivesdn walganlasiussansamlunsiniuindulads 84% wasnuinfivsunadudase
ivewmalya 7.7 % Faduvsunainiudasesiuinninluaddoinnuiies 2.78 % 19i019
Wouninslgensndin W:C Aeenu Iee Liu et al. (2010) Anwionsiaiw W:C 71 1: 1 FaUSunad
wodasldvievunaiivsnanldiisaneiaziinlassasiauavsndianunuiiganslunisviey
R Py o A A T oo a & ay my o & v f
Wuiamualunisieuwaganta Faivinanidiunvdenldlagniniulilulassadannn i
ufeIuIWITeves Karaca et al. (2013) #iladnwlushiu 2 wliaduTanrerulaun chickpea
isolate warlUsiu lentil isolate SaufunealawmnasulunisiniAviigiu flaxseed wuiNonsIaIY
W:C windu 8.43:1 flUszansnnlunisnnAuingi 89% waklodnsidiu W:C anasdu 1.38:1 dina
TlszansnmlunisiniAutinsfuanasiu 53% wuiu

2.4 FT-IR spectra vosslulasuntya
nnmMsAnwmMsvasuadassaiomanivesusilasundgalagliineda  FT-R
faduadansuvomdlilasuaugadnifvitunenseveniu - sglad  uavgadudia  lunediues
wanaulUshusauUsuazlifauys A8nsdn WiC 7 4:1 uay 3:1 wanea Figure 10 wuinaUansy
yoedesnanau lusivlidauys (PPP) wasduus (MPPP) Tdnwasfindiefu winedwes
wanautUsAuRAuUIHURATIRWLY wavenumber 879 cm waz 1435-1449 cm Faduiied

[
LY

Aetulmiiflesanniadosdszaunananlsiudesiu - fdundailasuadgadisnifuthturon
szmemnlimedmeinanaulusiudnulsduianrevuagnuiinfdumisisnanvielndides
ynsegrsesaslulasuaganufiandniiiumis wavenumber adneiu Aonud
wavenumber 1632-1640 cm, 1533-1541 cm uag 1235-1243 cm - gadufinfinuiilululussiu
Tnesumisianaazuansaansuves amide-l, amide-ll uwag amide-lll mudRU FeaUansuves
amide-I La@niN1380-1a (stretching) a4 C=0 83 amide TulUsiu a@aniuvas amide-ll LanINT
FUNUUNNSI0 (bending vibration) ¥4 N-H groups wayNSEULUUNISEA- (stretching vibration)
299 C-N groups @uailaniuvuay amide-l ﬁ(ﬁ’]LLWJQ wavenumber 1237 cm’ LLammséi’u’Lu
FeUUVRY C-N wag N-H groups YDINUSE amide %%amié{"uﬁuaﬂ CH, groups voslnadiu (glycine)
(Muyonga et al., 2004) NﬁlﬂJIﬂiLLﬂﬂ%ﬁa‘ﬁlﬁJﬂLﬁUﬁ’]ﬁU%@ﬁJiSL‘MEJG]Slﬂ%ﬁg\iwa’]ﬁmﬂﬂiaulﬂﬁﬂLL‘UiLLaS
douuslumaduwedwevioviusl  amplitude  vasfintfosiigaillaifiouiunslilasuagadifniiv

indfuvenssmeviiuLazyA1aUda
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Tuynsegremufiares amide-A Aidumis wavenumber 3278-3279 cm uagdi
999 amide-B  7iR1uNALS wavenumber 29262927 cm - @4 amide-A wanafia NH-  stretching
coupled feuselalnsiau Tuvuzdl amide-B wansdia CH stretching Way —NH;(I\/\uyonga et al,,
2004; Ahmad et al., 2012; Tongnuanchan et al., 2013) ImEJm"LmImLLﬂUﬁaﬁ’ﬂLﬁuﬁﬂﬁwamsmag
nAURawazaiiy wufiafisius amide-A uay amide-8 & amplitude gatudlawfivutugognedu
Fauanadnuarras polyphenolic lusuvad phenolic ring fiwanan1sBa-na (stretching) vos ~OH
(3200-3550 cm ) (Bozic et al,, 2012; Xu et al,, 2005) & amplitude 984 amide-B figauanddia
ihduvensumeisniiulunedwes ian1starnufasenssuninelusfiufulusiu (Tongnuanchan
et al, 2013) mluiﬂil,mﬂegaﬁﬁ’ﬂLﬁufﬁﬁwamzmsJqmﬁﬂé’faLLazmﬁuﬁgaaaaé’mmauwuﬁﬂﬁ
fuvitls wavenumber 2958-2964 cm | idudaifioifisuiuadilasuaugadnifuiniiunglafunsned
weslillgnfiuingiu Tnefiadinarniinainnsduuuuiinue (stretching vibration) w81 methyl
groups (-CHs) (Herculano et al., 2015)

uenanilluyniegnsiifinisliwediesiaenialunstniiuinduneussmes
anuuiaiaesdnsdin W:C nuinfiafisiuis wavenumber 1743 cm Sawansiia C=0 stretching
vibration 984 aldehyde %38 ester carbonyl groups vesuneusyvediilosdussneundnues
mﬂunaq'ma& aldehyde, ketone wag ester (Tongnuanchan et al., 2013; Herculano et al., 2015)

2.5 IAs9a319389U9807A (Morphology)

mMnTeRdnvarTesiuiiremedieimendesanssmibidnnsounuudensin
Maweeing  x2500 wudlassaieseauaniavemedwesnataulusiulddauds  (PPP) &
SnungvasiuiafiGey (smooth) fanuiudaenfuuarlimuidiaiing (grainy) Aiavemediues
dledisufunedwesnaraulusiusauls (MPPP) ﬁﬁé’wmzﬁuﬁ’sﬁmﬁuiz (rough) (Figure 11) lng
SnvugfiAntuorafinnnssiuduasdeulssauiliiaufisseiuwhlmAnenisruives
1UsAY (aggregation of protein) Wiunaln multidentate (multidentate mechanism) (Nuthong et
al., 2009¢)
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Figure 10 FT-IR spectra of unmodified porcine plasma protein (PPP) and modified PPP
(MPPP) microcapsules encapsulated eucalyptus (E), turmeric (T) and lemongrass (L)
essential oils at different ratios of PPP (wall) and essential oil (core) (W:C).

(A) PPP (B) Modified PPP
Figure 11 SEM image (x2500 magnification) of surface of unmodified porcine plasma protein
(PPP) (A) and modified PPP (B) as wall materials for microencapsulation.
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Lﬁ@ﬁ‘\]1imﬂm\‘iﬂ%ﬂﬂﬁ]ﬁﬂ’]ﬂ“ua\‘iwﬁlﬂﬂiLLﬂU%awmﬁQJﬂﬂiau@fﬂLL‘UiLLaZliJ'@fﬂLL‘Uﬂu
msinfutihsuneusymenglag gAFURa wazaii AemsE W: C Wiy 3:1 (Figure 12) WU
WumsummlmiﬂsLmﬂenawmamiﬂimummmi (MPPP) AfnAvtidunenssmesaedindiuinm
NaﬂL!’lLLSU\‘WILmu‘VIN’JSU@ﬂNﬂlﬂiﬂiuﬂﬂ“gaﬂﬂﬂmﬁNﬂlﬂﬂﬂmﬂ"fgawa’lﬁmWiﬂimulmﬂfﬂLL‘U? Tnglunisiou
LLﬂﬂ%La%’uﬁﬂﬁwamzmEJv‘iﬂﬁﬂwmmqlmiﬂst,l,ﬂﬂsnaﬁé’ﬂwmwmu ﬁaﬁuamzﬁﬁu Fanudnues
mﬂmﬂumlulﬂiLmﬂsnawmamiﬂﬁmummemmsnﬂuaﬂwmvwawamwiﬂimumﬂLLﬂi (Figure 11)
aﬂwmvmmw‘mmmummmﬂumwamvmalﬂammaﬁummwmimmﬂgﬂimsvmwﬂﬂimuﬂu
lUshuluszuudlatudwmalnlassaiaganielidnuwaieneny  (Tongnuanchan et al,  2013)
yonntusnunsiinsesuan (cracks) ﬁﬁ’mmmhﬂlﬂiLmﬂgiawa'mmiﬂiﬁuhjﬁﬂLLU{Lumﬁﬁ’mﬁu
driuneuszvenglad (Figure 12; A) wazdenug (pore) wazsoeda (wrinkle) venituneyssme

wlmwmlmimmﬂ% (Figure 12; A, B) M”ULI’W]LaﬂLZJE)L‘VIEJ‘Uﬂ“UN\‘]VLMIF’WLLF’]‘IJ‘*ZI@“U“IJG]EMVIMJU’]@?LLa‘”
sousaTiTaLau %qaamﬂaaaﬂum'nLm']va'immumuaasvmaﬂaﬂlmLmﬂ%amaqumumvlﬂs (Table
12) wmﬂimmmmuaaimmmaﬁaﬂmtmﬂsgauawq@LLameiuawﬁﬂwwluﬂﬂiﬂﬂmumquq
5\‘1LLﬁ’j’]B\I\‘lhﬂ:ﬂiLLﬂﬂﬁgawmﬁmﬂﬂiau@fﬂLL‘lJﬂumiﬁﬂLﬁv‘jﬂﬁu%@migLﬁﬂﬁgﬂﬁ’lﬂfﬁﬁﬂﬁﬂ%ﬂﬂmﬁ/’]ﬁu
daszliuanmneiu (Table 12) LLm'Lﬁaﬁﬁ]1mnmﬂiﬂsqa%fwizﬁ’uqamﬂwuiwmmaqguaziaa%’aﬁuaﬂ
udlslasuaugananainlusiudaudsluntsinifuiifunesssmegmausauasuiiufivunniilvgn,
maffvitusglel  wesndbilasuedganaraulusiulidauuslunmsinfuisugaausauas
ﬁuﬁuwudwﬁgLLazsasJ%"aﬁuaqfwﬁuﬁimjLLazmuwmﬁlﬁaﬁwLama PMNNUITBUY Turasan et al. (2015)
IgvihnsAnyinisieuuaugiaduitulsawilasdnu fanvevuaesiasuiufondusiuiazion
TnnsSunagyhuisneisuniBenuds wueyniaveslalasueugaiildfisnionau (holes) fivasly
lasuaUgaguiu gLLaziasJ%’aﬁLﬁﬂ%ULﬁMWﬂﬁwﬁuﬁaﬁzﬁﬁwaﬂﬂmLmﬂsgaLﬁﬂmﬁsmsﬂﬂiu
senInansuwierseluseninansiiusnwr (Ahmad et al, 2012; Turasan et al, 2015) 210
N3Jves Ahmad et al. (2012) WusHhazyeding (cavities) NMLNMNANVINVBIENAAFY
SufumsiuhTueNsTmedundeBidnaseutuudensiauiu dnvariiAntudumszdiiy
wouszmeldsymely Feaenadesiunadiléainadsel sudiesduiiduusluniswisnaisazans
Haunsumshwidlawienlusuresansavareddaduvesiiauiguiu
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(D) MPPP: E

5 & hal e
(E) PPP: T (F) MPPP: T
Figure 12 SEM image (x2500 magnification) of surface of unmodified porcine plasma protein

(PPP) and modified PPP (MPPP) microcapsules with encapsulated eucalyptus (E),

turmeric (T) and lemongrass (L) essential oils at W: C ratio of 3:1.
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Effects of Drying Methods on Physicochemical and Rheological
Properties of Porcine Plasma Protein

Namfon Samsalee! and Rungsinee Sothornvitl. %+

ABSTRACT

Porcine plasma is an important source of high protein content which can be used for food
products. The objective of this study was to determine the effect of dryving methods on the properties
of porcine plasma protein powder (PPP). The effects of freeze dryving, and spray drying at two levels of
inlet air temperature (140 and 200 2C) were studied on the physicochemical and rheological properties of
PPP. It was found that freeze-dried PPP showed significantly (P < 0.05) higher solubility and oil binding
capacity (OBC) than spray-dried PPP. The higher inlet air temperature provided slightly higher OBC
and water holding capacity of PPP. Moreover freeze-dried PPP had a red-yellow color as indicated by
the lower values for lightness (L"), higher redness (a*) and higher yellowness (b*). compared with spray-
dried PPP which was green-vellow in color. As expected, the lower inlet temperature with spray drying
exhibited higher values for L*, a* and b* of PPP. All dried PPP showed a typical non-Newtonian flow
behavior. Freeze-dried PPP exhibited Bingham plastic fluid behavior while spray-dried PPP exhibited
pseudoplastic fiuid behavior. Therefore, the drying method affected different PPP properties which can
be tailored to food processing and application to improve food quality.

Keywords: porcine plasma protein, freeze dryving, spray dryving, physicochemical. rheological

INTRODUCTION

Pig production in Thailand has increased
1.90% from the previous year due to higher
consumption (Office of Agricultural Economics,
2013). Therefore, porcine blood—a by-product
from slaughterhouses—is available in a large
volume though its utilization has been limited
as in general terms, animal blood is 3-5% of
the body weight (Mandal ef al.. 1999; Ofori and
Haieh. 2011) and generally consists of 60% plasma
and 40% red blood cells (Ockerman and Hansen,

2000; Toldra ef al.. 2004). Blood 1s a good source
of protein, containing essential and non-essential
amino acids (Ockerman and Hansen, 2000; Ramos-
Clamont ef al.. 2003). Porcine plasma protein
consists of various proteins, mainly albumin
and globulins, which have good emulsification
properties (Jantawat ef al.. 1996; Cofrades af
al.. 2000; Famos-Clamont et al.. 2003; Ofori
and Hsieh, 2011). The spray drying technicue 1s
a short dehydration process and is widely used
in the food industry to produce food powder
(Jittanit af al., 2010; Anandharamakrishnan et al.,
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2007). The drving air temperature and feed rate
have been reported to be factors influencing the
quality of spray- dried food powder (Jittanit af al_,
2010). Freeze drying is a process involving low
temperature and a long dehydration period which
results in less damage than other dehvydration
methods. However, freeze drying may affect the
functionality of protein because of partial protein
denaturation Chinprahast ef al. (1995) studied the
functional properties of freeze-dried and spray-
dried porcine blood plasma and found that the
functional properties decreased as the temperature
of drying increased. Parés ef al. (1998) found that
spray drving affected the consistency of porcine
blood plasma gels as the water holding capacity
(WHC) and consistency of porcine blood plasma
gels decreased when the pH decreased. Yu ef al.
(2007) reported that spray-dried peanut protein
concentrate (PPC) exhibited better functional
properties, particularly emulsifying capacity and
foaming capacity, than PPC dried in a vacuum
oven. However, no research has been reported
on the rtheological properties of porcine plasma
protein powder (PPP). The objective of this study
was to determine the effect of drying methods on
the physicochemical and rheological properties of
PFP

MATERIALS AND METHODS

Preparation of porcine plasma protein

Porcine blood was obtained from a
slaughterhouse in Nakhon Pathom province,
Thailand. Sodium citrate solution (3.8% weight
per volume) was used to prevent blood coagulation
during collection (Nuthong ef al., 2009). The
porcine blood was kept in ice and transported to
the Department of Food Engineering, Kasetsart
University, Kamphaengsaen Campus. Porcine
blood was centrifuged at 3.000=g for 30 min at
4 °C using a refrigerated centrifuge (Eppendorf
centrifuge S84E_ Hamburg, Germany) to separate
the plasma protein (supernatant) from blood cells
by decantation.

Effect of drving methods on porcine plasma
protein powder

Three drying methods (freeze dryving, and
spray drying at two levels of inlet air temperature,
T,) were studied to produce porcine plasma protein
powder (PPP).

PPP was lyophilized using a freeze drier
(Elcold DE-9500; Hobro/Scanvac Coolsafe 1004
Pro; Lynge, Denmark)). On the other hand, PPP was
dried using a spray drier (Lab-Plant SD-04 spray
dryer; West Yorkshire, England) at two levels of
T, (140 and 200 C) with an outlet air temperatire
of 70 °C and a feed rate of 0.4 L hrl. PPP samples
were kept at -20 °C until used.

Characterization of porcine plasma protein
powder

Chemical composition

The chemical composition (the moisture,
protein and ash contents) of PPP were determined
by the method of Association of Official Analytical
Chemists (2000).

Color measurements

The PPP color values (L', a* and b")
in the CIE system (International Organization
for Standardization, 2008) were measured
using a Spectro-guide (BYE-Gardner GmbH;
Geretsried, Germany). A white standard plate
(L'=97.75.2"=-0.49 and b" = 1.96) was used.

Solubilicy

Solubility was determined according to
the method of Suzuki and Shimizu (1982). Briefiy.
0.5 g of PPP was dissolved in 20 mL of deionized
water and shaken in a shaking water bath (WINB14;
Memmert; Duesseldorf, Germany) for 1 hr at room
temperature (25 °C). Insoluble matter was obtained
by filtration and later dried at 105 °C for 3 hr until
a constant weight was reached. The solubility (%a)
was caleulated by a weight difference as follows:
Solubility as a percentage = [(W; - W, )W ] = 100,
where W is the initial weight of the dry matter
measured in grams and W, is the weight of the
insoluble dry matter measured in grams.
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Water holding capacity and oil binding
capacity

The water holding capacity {(WHC)
was determined according to the method of
Beuchat (1977). Each PPP sample of 0.5 g was
suspended in 10 mL of deionized water, vortexed
for 2 min, allowed to stand at room temperature
(25 =C) for 1 br and then centrifinged with a
refrigerated centrifuge (5804R; Eppendorf;
Hamburg, Germany) at 8,000=g for 20 min. The
supernatant was decanted and the centrifuge
fube containing the water-absorbed sample was
weighed. The WHC ({measured in grams of water
per gram of PPP) was calculated as WHC =
(W-W, )Wy, where W, is the weight of the dry
sample measured in grams, W, is the weight of
the tube plus the drv sample measured in grams
and W, is the weight of the tube plus the water
absorbed sample measured in grams. Triplicate
samples were analyzed for each measurement. The
oil binding capacity (OBC) was also determined
for samples by dispersing 0.5 g of PPP in 10 mL
of vegetable oil similar to the method used for
determining the WHC (Beuchat, 1977). The OBC
was expressed in grams of oil absorbed sample per
gram of PPP.

Rheological measurements

Steady state flow and dynamic
viscoelasticity measurements were carmmied outina
controlled stress theometer (TLAAKTE RheoStress
600; Thermo Electron Ltd ; Karlsmihe, Germany)
using cone-plate geometry (cone diameter = 60
mm, angle = 1° gap= 0052 mm).

Steady shear measurements

The PPP (2% weight per weight (w/w) of
freeze dried or spray dried sample) was dissolved
in deionized water, stirred using a magnetic
stirrer and then heated at 70 °C for 30 min in the
shaking water bath. The solutions were cooled to
room temperature (25 #C).

The apparent viscosity and the shear
stress were obtained by performing the shear rate
(1to 100 s'1) when the shear stress was increased

from 0 to 20 Pa at 25 °C.

The flow behavior of the PPP solutions
was analyzed by fitting the experimental data with
a power law model as 1 = ky™!, where 1) is the
apparent viscosity (measured in pascal seconds), ¥
is the shear rate (per second), k is the consistency
index (pascal seconds®) and n is the flow behavior
index (dimensionless).

Dynamic measurements of viscoelastic
properties

The PPP sample (2% w/w of spray dried
sample) was dissolved in detonized water, stirred
using a magnetic stirrer and then heated at 70 °C
for 30 min in the shaking water bath. The solution
was then cooled to room temperature (25 °C). An
oscillatory stress sweep test was performed from
0.01 to 20 Pa. Based on the stress sweep results,
a frequency of 1 Hz was selected to set the upper
limit of the linear viscoelastic region (LVR) for
frequency sweep measurements at a range in the
angular frequency () of 0.1-100 rad s Dynamic
viscoelastic parameters—the storage or elastic
modulus (G") and the loss or viscous modulus
(G"}— were determined as a function of .

Statistical analysis

A completely randomized design was
used to study the main factors (drying methods and
inlet temperatures). Three replications were used
to determine each propertv. Data were subjected to
analysis of variance and Duncan’s multiple range
test was used to determine significant differences
at the 95% confidence interval. Analysis was
performed using the SPSS package (SPSS 11.0
for Windows; SPSS Inc.; Chicago. IL. USA).

RESULTS AND DISCUSSION

Physicochemical properties of porcine plasma
protein powder

Freeze-dried PPP had a red-vellow
color compared with spray-dried PPP which was
green-yellow in color. Table 1 shows the chemical
composition of PPP. None of the drying methods
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affected the protein and ash contents of PPP. which
ranged from 79.63 to 82.16% and 11.73 to 12.41%,
respectively. Variations in chemical composition
came from the physical conditions of the pig and
the time of slaughter (Pongkongkaew, 2006). As
expected. spray-dried PPP at the higher T, {200 2C)
had a lower moisture content than at the lower T;
(140 =C). This was due to the higher temperature
gradient on the surface of feed drops at the higher
T, resulting in a higher heat transfer rate (Jittanit
et al., 2010). This corresponded to a decrease in
the moishure content of spray-dried black nmlberry
powder with increasing T; (Fazaeli ef al., 2012).
Freeze-dried and spray-dried PPP samples at the
higher T; had similar moisture contents. This
indicated that the igher T; of spray drying in this
study did not affect the chemical composition of
PPP when compared to using a low temperature
and a longer time for freeze drying.

Color 15 an important sensory attribute
for food acceptance. Thus, the different drying
methods might reflect different color values of PPP.
It was found that the drying method significantly
affected the color values (L°. a" and b") of PPP.
Freeze-dried PPPhad the lowest L” and the highest
a" and b* values among all drying methods (Table

2} as shown by its red-vellow color. The higher L*
value of spray-dried PPP than that of freeze-dried
PPP was similar to the findings of Espinto Santa ef
al (2013) and Joshi ef al_ (2011). Spray drying at
the higher T; provided lower L*, a* and b* values
than those at the lower T;. Such a difference was
probably due to the higher degree of Maillard
reaction or non-enzymatic browning at the higher
T, (Sarochwikasit and Tangduangdee, 2011).

Drying methods significantly affected
the solubility of PPP. The higher solubility of
freeze-dried PPP not only resulted from the porous
structure but also possibly came from the lowered
degree of protein denaturation or aggregation in
the freeze-dried sample compared to in the spray-
dried one. resulting in a higher solubility (Table
3). There was no effect of T; on the solubility
of spray-dried PPP. This result was contrary to
another study that reported a higher T; increased
the solubility of spray-dried black mulberry
powder (Fazaeli ef al.. 2012). The variation might
have been due to the difference in the raw material
and the dryving conditions used.

Interactions of water and oil with proteins
are important in food systems and can affect the
flavor and texture of foods. Unfortunately, the

Table1 Composition of porcine plasma protein powder.

) Drying method
Chemical component - - -
Freeze drying Spray drying at 140 °C  Spray drying at 200 °C
Ash (%) 12370042 12410132 11.73=0.192
Protemn (%a) 80.80=0.35% 79.63=0.42% 82.16=1.06*
Moisture content (%a) 6.10=0.532 10.17+0.18" 6.65=0.742
Table 2 Color values of porcine plasma protein powder.

Drying method L a" b
Freeze drving 50.32=0.807 4.04=0.530 15.27=0.36°
Spray drying at 140 °C 77.58=1 80¢ 0.62+0.05° 12.14£0.170
Spray drying at 200 °C 64 830 400 0.05x0.06 0.24=0 224

Each value 15 the mean of three replications = 5D.

Means in the same row with different lowercase supersenipts are significantly different (P = 0.05).



Kasetsart I. (Mat. Sei) 48(4)

WHC of freeze-dried PPP could not be determined.
This might have been due to the greater solubility
of freeze-dried PPP. There was no significant
difference in the WHC of spray-dried PPP at the
different levels of T, However, the OBC of freeze-
dried PPP was the highest followed by spray-dried
PPPat a T, 0f 200 °C and then 140°C_ respectively.
It was hypothesized that the porous structure of
freeze-dried PPP might bind and entrap a higher
volume of oil—more than in the spray-dried PPP
{Table 3). The OBC of spray-dried PPP increased
with increase in T, Similarly, the WHC and OBC
of peanut protein isolate increased as a high
pressure was applied (He ef al., 2014). Moreover,
the T; was more pronounced on the OBC of spray-
dried PPP than with WHC.

633

Rheological properties of porcine plasma
protein powder

Steady shear

The viscosity decreased with an increase
in the shear rate for all dried PPP. The steady
shear rheological properties of PPP are shown
in Figure 1. All dried PPP showed a typical
non-Newtonian flow behavior. Freeze-dried PPP
exhibited Bingham plastic fluid behavior, which
required a shear stress of a cerfain value (vield
stress) to flow at which stage the viscosity of the
freeze-dried PPP was independent of the shear
rate. Clearly, the viscosity of freeze-dried PPP
was very small, compared to spray-dried PPP.
However, spray-dried PPP (140 °C and 200 2C)
exhibited psendoplastic fluid behavior. The high

Table 3 Solubility, water holding capacity (WHC) and oil binding capacity (OBC) of porcine

plasma protein powder.

Drying method Solubility (%) WHC (g H,0/g protein) OBC (g oil/g protein)
Freeze drying 97.11=0.82° - 4.67=0.07°
Spray drying at 140 °C 42.06+2.218 3.66=041¢ 2.07=0.23=
Spray drying at 200 °C 42 462202 3.75£0.278 2.730.26

Each value is the mean of three replications + SD.

Means in the same row with different lowercase supersenpts are sigmficantly different (P = 0.05).

-=MHo data available.
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T, affected the biopolymer state (glassy or ubbery
state) and induced a thermal degradation of the
molecular structure (Leon-Martinez ef al . 2011).
The spray-dried PPP at a T, level of 200 2C had
significantly greater consistency index (k) values
(Table 4). The k value of freeze-dried PPP was
the lowest, corresponding to the lowest viscosity.
The flow behavior index (n) of spray-dried PPP
was less than for freeze dried PPP, indicating that
spray dried PPP exhibited more pseudoplastic
fiuid or shear-thinning behavior (n < 1) than did
freeze-dried PPP. This was similar to the reported
pseudoplastic fluid behavior of rice flour gels
(Meng er al, 2014) and the pseudoplastic fluid
behavior of bovine plasma proteins (Fodriguez
Furlan ef al.. 2010).

Viscoelastic properties

Rheological properties are important
in the quality control, storage and processing of

foods as these properties can indicate the stability
and predict texture (Leon-Martinez ef al | 2011).
The linear viscoelastic region (LVE) value was
determined from oscillatory stress sweep tests at
an angular frequency of 1 Hz. Shear stress at 1 Pa
showed LVER in all samples for frequency sweep
measurements. LVR could not be detected in the
freeze-dried PPP (2% w/w); therefore, no data
were determined in this study.

A predominantly elastic behavior (G' =
(") was observed in the spray-dried PPP solutions
throughout the frequency range studied. This
indicated that the behavior of the spray-dried
PPP was comparable to a gel-like material Both
the G' and G" values showed a slight dependency
on frequency similar to the finding reported with
rice flour-based batters (Matos et al, 2014). The
&' and G" values of dried PPP increased with an

increase in the angular frequency (Figure 2).

Table 4 Steady shear rheological properties of porcine plasma protein powder.

Drying method Flow consistency index, k (Pas®) Flow behavior index, n R?
Freeze dryving 0.004=0.001¢ 0.792=0.0352 0.947
Spray drying at 140 °C 4.327=0.110¢0 0.128+0.038P 0.995
Spray drying at 200 °C 10.483=0.5782 0.131=0.048° 0.928

Each value 15 the mean of three replications + 5D
Means in the same row with different lowercase supersenpts are sigmficantly different (P = 0.03).
F!=Comrelation coefficient.

100

0.10 1.00 10,00 100.00

Angular frequency (rad.s )

Figure 2 Mechanical spectra showing the angular frequency dependence of storage modulus (G
solid squares) and loss modulus (G", unfilled squares) of spray-dried PPP at 140 °C ()
and 200 °C {L).
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CONCLUSION

Different drving methods affected the
physicochemical and rheological properties of
PPP. Freeze-dried PPP exhibited significantly
higher solubility and OBC than spray-dried PPP.
The higher inlet air temperature in spray drying
provided a slightly higher OBC and WHC of PPE.
Moreover, the drving methods produced different
rheological properties of PPP. Freeze-dried PPP
had a much lower viscosity than spray-dried PPP.
The results showed that dried PPP might be used
as a food additive to improve the food texture or as
a biopolymer material for edible film and coating
to maintain the quality of food products.
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