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Application of Hydrocolloid for Improving Physico-Chemical Property and
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Applicationof Hydrocolloid for improving Physico-Chemical
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Research Title: Application. of . Hydrocalloid for Improving. Physio:-. Chemical Property
and. Stability.of Boiled.Duck Blood. during Storage

Researcher:._Assist. Prof. Dr..Supaluk Sorapukdee and Miss. Supawadee Narunatsopanon

Faculty: Agricultural Technology. Department: Animal Production. Technology.and. Fisheries

ABSTRACT

The effect of hydrocolloid on quality of duck blood boiled in
hermetically sealed bag was study. Carrageenan blend with locust bean gum (ratio50:50
and 60:40concentration0.5_and1.0. %respectively),gelatin(concentration 0.2, 0.5, 0.8, 1.0
and 2.0 %), agar(concentration 0.2, 0.5,10.8, 1.0 and 2.0 %),.and geltan gum (concentration
0.2, 0.5, 0.8, 1.0.and 2.0 %) were assigned, The tesults shown that boiled duck blood
mixed with agar’ had the most superior quality of -textUral characteristic and product
apparent. Although boiled-duck blood mixed with agar-at the concentration of 0.8% after
1 day of processing.had the highest overall. liking. scores_as evaluated by the train
panelists, the diminish-quality of these products could be found during prolong period
(4°C for 30.days). Comparing among 40% and 60%. duck blood concentration during 4°C
for 30 days, boiled duck blood. at the concentration of 60% exhibited higher scores of
overall appearance, texture, flavor, the rugged feel-in the mouth and overall quality than
40% duck blood (p<0.08).Total microbial countsof varicus treatments-were lower than
limit of detection (<10 cfu). The results obtained from this study can be used to improve
the manufacturing processes of boited duck blood with desirable texture.

Keywords: Duck Bléod, Boiled duck blood; hydrocolloid
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2.1 aeAUsznavvasden (blood composition)

denludruvvsavewnarfddglusiante duudefidnvnisrfudontsonda
haematology tdanusznaumediuiifureunanianitinden wowanai (plasma) flogj
Uszunas 45-65% TiwdeRediuvenadidniden (corpuscles) wiinme 1 1weaddindoaund
(erythrocytes) wadidaidonynn  (leukocytes) wasindaiden (platelet) druvesinden
Usznaudethusvanm 90 % dwiwieiulusiueiingng q arsduvisduavanseiiuvid 1y
godluu Fe” uay Ca”" 1wy wadifindenunssdidniiooseglududoaasila wadile
\donunundouiieslild daivadiinionviruisdruainsasunsniriuniadon sonu
vhanedelsaflegsewinnsadludadols Fonvyinadoulunsdaigvesinineniusyuy
\@en (blood /system) Tremdpmstudesindiiilamls dlavudansenainirsmenilaly
vaoauf (test tube) wassensty nmusndentinasedshuazuneeniiiu 2 u druveudend
ulsfiSemitauden (blood clot) sumesmtuiiusbusyiuamemannui duidudlary
suvuinAeailEindouienaisy (serum) dnidionldbumenniiniastesiunisanagna
vauaen (anticoageulant) tdu @13 sodiumitrate “arnmonium oxalalate heparin %39 EDTA
(ethylene- diamme-tetraacetate) mnuumwaamm’muLaaﬂaﬂ“lﬂmmsawumwa (centnfuge)
ewudndendinasusnduiu 2 Sy wa'mLﬂumumaumﬂawammLaamummwmaﬂm
Funiuesuilaein (hematoerit) uvuilivdiutsananiienia WAl ¥39-Unden (plasma)
FeilogiUsvanins 55-60% drulsznaunesdnr uaswanma wanritumgsuadliifidnveslusivlu
deniusedusznau suiithillarsitetunisudsiveadon @ fibinogen | Tnesialudn
1)'smt;ul,aaﬂmwuﬂl‘u'ﬁ'}qmaﬂumamumavwmuLmnmmu‘w 1y luungasiidonyUszunn 8%
yoniuind WladfiFenyszann 7.7 % waeluinili@entseana 9.7% Huft e uthedime
YeudeniaUszIn 1.042-1.060 HAasidiunan-ang (pH 551319 7.20-768) sawanslunngi
2.1
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Al 2.1 asAUsEnpuTDaEen (Blood composition)
a1 : Martini (2006)

2.11" thdeavisewanasii (plasma)

hidaatssnousaginssnes 90-92% Mvds 8-9% \Tudrirasdaldun Wy
viinein9q @158unsd wazanselunid viare 4 il 2) ludndendlusiuiddolaun
albumin globulin® fibrinogen ' tiay “prothrembin sty abbumin HulusAunifisnniantuth
Hemimiiinwieunasealufavesdon laeundlusiu fibrinogen < prothrombin  uas o -
globulin WhilisRunifeadestumsudatavandan Tnevaluntindnseslusiluideniens
muAuAIAUsBINTaYauden albumin WhlYsAuATnfigeluihdenuasdiinifiiuatas
Tumswudeanssing q Pezmunelifuden

2.1.2 waddinden (corpuscles)

druveadenilildveavaiviothidenussnoumeivadiindonuiinds 9 lnad
waailadenuns (red blood cell ¥3a erythrocyte) Uszann: 99% fwdedn 1% Wuidadon
217 (whlte blood cell #3® leucocytes) uazindaiiion (blood platelets w30 thrombocytes)
mmwm 2.2 iaudlam (Formed  Elements) Laaﬂuaam}ima‘u 2 dau A dwiduidnden
iqummimaaﬂ (formed elements) wazduilifiuvouvar Mdunwaram (plasma) drureudin
Laaﬂuuuaaﬂﬂi noundnlaun Windeauns (red blood cells; erythrocytes) Winden1? (white
blood cells; leukocytes) u,avl,n%mﬁaﬂ (Platelets) minendeamnauunfuniivluvass
maawvwmﬂmwaaLamLaamuuﬁ]vamawmumwawaaﬂmam Iﬁawmumﬂwaamm%vaa
AuUUYavann dndiuuSinnsvessindonung wamuunuaﬂmaﬁsmmwwmLsanam‘lmim



(hematocrit)  findiAsennes 20-45% 983U3105 Boansanun wunsmuiluysinnsden
Wavium 1009% mﬁﬂ%mmnﬁmﬁamLtmwhﬁu 40-45% ImUﬁﬂ%mmmaaLﬁmﬁam'm%lziﬁaaé’ﬂ
u,uuunmut.ﬂuéuumeq d13en buffy coat aauuwwmmmaamumanw duiiwdodin 55-60%
\Duduvaninden (plasma)

Al 2.2 [dhudssneurendeiden (Corpuscles w38 formed elements composition)
131 : Martini (2006)

22 msudsnqvesiion

ievnFenoonamnsasmeuldlunasasie (est tube) wazsenaty wudndensinnsude
wazuonaemnfu 2 40 Iduid v udeniudwaiseniauEen (blood clotasmsuiuiy
ﬁ'auagﬁquﬁwwawaamnﬁ's lagsuiiduitay ﬁﬂuuua"uLﬁaﬂﬁﬁmﬁmﬁaniw%%ﬁ (serum) #9
mwﬁ 2.3 (n) °m_|'auﬂﬁl,wqm“nmtaamnmmnmwaq thromboplastin aanuIRINFwndadan
nufinssufusewineca’ luden warlUsiunsousy (prothrombin) Tvinaneidulusiunse
wTu (thrombin) Tagnysnseduuas thromboplastin aimiulusiunsestiuprothrombin) agly
waguTusiulausTulag Ebrinigen)- MdealAdulosaulnuiy @brin) ludiafidsudassiams
wdadhvaudenveldsreiaaaliviniy Tufvedavesdand Wndiidanl dlunaoauiaitlans
Jesfumsnnagnauvedifian-(anticoaggulant) it #4715 sodium eitrate, ammonium oxalalate,
heparln %39 EDTA (ethylene-diamine- tetraacetate) ilﬁnuuuwaammwulﬁam@gmL‘mm‘im
Juwides (centrifuge) sewuidendinsuandudy 3 $u wmqmumwuaLmaﬂmeaaammmw
Sadfumiuvdedulaein (hematocrit) funanadudureudindenun uazindmden sy
wilureanariifondt wanan viotiden (plasma)  edduusenoutesidy uasmanai
unnsnefuiituarlifdnfiasitostumsufevoaiondu fibrinogen



O

i
Plasma (Wates, proteln, nottients,
hormones, etc.)

" Buffy coat {(white blood cells, platefers)

Hematocrit {fed bleod cetls)
f———

()

= 5 = A bt r LY} Y o e
aMwn 2.3 mswenduresdaadisluiinisiinaisnistasiunisudeda (n) was vidaduans
s L7 £ 1 c.'} y -‘
doatunsudsinveudondnrsasdumiss (4.)
P
11 : Vander et al. (2010)

2.3 #susenaudnleseu (heme iron) wasuaudulesau (non-heme iron)
2341 Haduiitinaseansusznautulossy wazuaudslosou

1) qingssndiiie

msnnasses Clark | et at (1997) iinsnaanslusaadailolinien
Suusemu leevinmsnasssiinTsivisuiisussaiadeliduminan wazidielidiues wui
olndauninues (manedl 2.1) fisamdntomaas Uinamssznousileseuuinni eln
drunion et 2.2) iilesnnidelfdaudsniuwuunseandd (dark chicken meat) vl
YSuaestulelnadu Ltazﬁiﬂr}aﬁuﬁLfJuwa’meammﬂﬁn’luné"mLﬁaﬁwﬁmmﬂndﬂﬂé’"lmﬁa
dunthaniiduuuunsennia (light chicken meat) (McCance et al, 1991)

A1519% 2,1, USinuswmdn aisusensuduuasmaiussniislindauiitssniudiuiiouss’

Supplier Heme iron Total iron (pg/g) -+ - Percent heme Moisture (%)
(pg/g)

A 55 11.3 48 66

B 3.4 115 32 63

C 4.6 13 34 64

D % | 11.3 45 68

E 5.6 13.8 41 64

F 55 11.3 48 66
Mean + SD° 4.9 £ 1.0 125+ 1.3 40 + 8 65 3

I o Qs ] %) g w ‘u’ =
Uunadudululasndusdenfuvsaiednd (huinden)

b = = L] e‘ dl 1 = 1 ar ] o as a o ooy
WisuisuAnafigwuy LSD diean F ianuuansnsiuetrefiduddameada p<0.01

#an : Clark et al, (1997)



i < <t & ¥ 1 [ | A d
A919§i 2.2 YSnausnmdn ansusenevBu uasmnufureilelinfenuussviudauieen

Supplier Heme iron Total iron Percent Moisture
(ne/e) (ue/e) heme (%)
A 23 6.5 36 65
B 1.6 6.1 29 66
C 1.4 5.8 25 63
D 1.6 6.0 30 63
£ 1.6 8.5 22 69
F 2.0 6.1 33 67

Mean + SD° 1.7 405 6520, 29+ 11 65 + 3

U3 mzu%':uLflu‘l,aﬂﬂsn%’um’an%’mauﬁaé‘mi (Umnintden)
"WisuisurieBouuy LS e F v iiansnefuosnedliod AYN9EDH p<0.01
7w : Clark et al (1997)

2) lulesq

AnAusL DA fvininas (cured cooked meat) (hkAnd LTS nAusd uay
aﬂwmvmaauwamumnanwm amﬂuant}muﬂswngwaammnmwmnLnaaum'mﬁmmiumnaaﬂ
Sﬁammwus‘lnﬂ (Sindelar et al.~2007) Namﬂmwuaamwumﬂaa% umumuadmnmimﬂu
“Lm-m (nitrite) > Tutudn WlasieniUasuduluinsy (nitrate)  Ferinnndlunandost wasdhe
fudadeqpunidtae Tnelulnsviazqnidnd (reduced) Wilulusdnoanled C(hitric oxide) uda
s'mmfmaIu‘[nauwmamUsznawmsmmaﬂaqnwlu Winaadululestalulelnadu
(nitrosylmyoglobin) (Pegg et al. 1997)

aawlinmﬂuwawnmmm%mﬂmamawuﬂawméﬂm wlesnnnanslulnsdady
(nitrosylheme) TiRntulNEAR RN TRans Lnd (oxidized) Tuszwinmsifivinw mswudie
wazn155091vY Feasyindvsmansusiana iswiniilhinaesisudilosouiiuiy uaziy
laveuanasluszmitannaifiuinu (Mattos ef at: 2003)

3)  ounglluas Udzenndiau

uas wazoentauluiliovdndviliivesanfnsian mnﬂaauwaaqmnﬁ
ﬂuLﬂuﬁwa'mmmwwuwaqnuﬂgn'smaanmﬂwlummﬂma visansaanevaslulnsdasy v'fm:
mmmwmuﬁtmmn 2 Ujiseeendnduveslulnstasunmeuiedady (ferric heme) luane
nstiusne s (ittumination) LLﬁvaanmwm‘imnﬂmﬂmamaﬂawmmaﬂmaameﬂu
Imaﬂamaﬁuinauu Lmamqnmumnnvmnmwvmlmauaulaiaumumn‘uu LLavﬁulaiau'Lu
Luaamamaa (Purchas et af. 2003) m@uumﬂwu‘uuuauama3au°lu°a'uwmmimusﬂmmmm
asunglaindlaruduiusivansiulnstaduiiniy

IMNMINAADILY Li et al. (2012) wmmnuﬂws‘umum MUY dmane
@nsusznevusudilesou Bulesou uardvawdnsiosiiououalas Lnnsveass WUt W WAy
msmsmmwaanm’«au"l,mmamamwivnauuauaﬂaiau (p>0.05) urinegglsAmusseenanis
muinmuwamamiiJsvnauuauaaﬂasauammuamﬂmmaaﬂm (p<0.01) wazazamasnnely 14



Funsnveanisifivin ilewinansiulasfaduanas Ssazdwmavilindadamiddunafinanndy o
aenARdBariunIsInaDITeY Estévez et al. (2004) Aldinmsnaasslundnsnsiufinn dosseznan
msAushwunudiunaensussnouuauduleseussifinau uazansUszneviulesauszanag
ssntulnsdaduanas

2.3.2 niasgviasusenavdnlesey (Heme Iron)

ofnifuundemesiusiu Tnndiu wIsgfifiannuddyogrannitieutioun
Uszneudhiemnsdwiuuyud wenanihifedniudrdauiuundsiiddquessmmin wuluguves
asusenauduloseu 15 - 35% uwaswuluguvesansusznevueuduleseu 2-20% 9nfina1
muawﬂqmummmmanuunﬂsv‘lwwmnwmammwmauuw FalaflaAdeiifenfu
asUseneviuleseusdantienie LLa...mﬁmswmammmnmqnuaanlﬂLLm'Luﬁmuum’Lﬂmqm
auisnnsvnaeseg Horsey (1956) Fuiudsmsilaneviniazdon azanunsausulddmunsay
fuiiousazyszianld (Kalpatathika et @l 1991; Carpenter et-al. 1995)

NsvAaeeYes Pourkhalili et af. (2013) tinTsveaeduiegailouns Taedl
msUFudadinvesensazany acidified acetone fulSuinwsuiednilneldiinsnaassiiunndag
i 433 Ltf'{q13’1Lﬁaﬁmiﬁulﬂshumzmumﬂﬁmwu‘%‘auiﬂmhunwu'mmsil‘gqa”rm'sﬁumﬂm"mﬁ’u
fie MIdu nsvien'AISENY ARSI 2.3 WUt NS nasviaa msEtevhliUSenvEnmun
(Total iron) amaaamauuﬂﬁﬂﬂmmaamm (p<0.05) 199 nU3 mmmaﬂwwumlul.uaammmuaa
fuArAarnaduluidiodng m'mwmm-ﬂmElm'lmawvml‘ffﬂmwuamawqm'lm‘smmman
vavualuidedadenasion uenaniimimansyszneviuloseuniiaamaunnsedy 4 33 Tngly
wingFslainunrumndein eniulunastpemasiaennsiudednagi 4 @eiliansysznou
duleseulligeiignidanSouileuiAinisvana 1, 2 uas 3 se1eliod R ymeadn (p<0.05)
(Lombardi-Boccia., et al, 2012)

< < & - = < &
M58 2.3 Whnaigguidnviann @1sussnavseniilasow Wasasvsznoudiloseuiinioyls
:‘ i L‘H" -, C“J &
MNMIVAaTIuANAI 4 msvaasdluiiohu waziliendsUsian (Ll/e)

Heme iron
Total iron
Bl 2 3 fal
Raw 67.9128.07° 44.6251:88°°....38924709°  73.67+14.19% 73.31+31.4°
Boiled 3241:13.63°  21.96 +1.08%  21.42¢661™  41.3747.09" 62.67 + 32.6°
Fried 85.2546.35"  3257£639°°  3136:200°°  65.94:9.62°° 8201 + 18.48°
Grilled 472451622  3591:697°  33742385° 721942233 820+ 40.4°

bec
“shénusiisnetulusondendu i firuuansiaiuaeafitbddaymeaia (p<0.05)
“Bmsmaaasiiunnsatu ¢ 381) Methe 10 ¢ luansazans 40 mi, (2) g 10 ¢ luansazany 45 mi, (3)
mamq 5 ¢ Tuasasane 45 mi, (4) fhathe (freeze-dried) 0.05 ¢ Tuansazane 20 ml

‘mn Pourkhalili et al. (2013)



2.3.3 msaaseiasusenevuauduleseu (Non-heme Iron)

Tullgiuiiiimsmansuszneuusuduleseuiivannvany uasuansnatusenly
dwiumsiensimarsusgnevueuiuloseuluiiodnives Ahn et al (1993) vhldvsudma
N FiRTwansusenavueuivleseuludnisfiuanenetu 3 35 Ae S57ldans Ferrozine
(Rebouche et al. 2004), 37 Schricker (1983) wazisfidaudasann Schricker (1983) Taeviinng
waaadluiediadelinadumiien des wastfodniiarznszgnesn (mnefl 8) wuth F8ALE
@13 Ferrozine fiiasusynauueuduleseuginiidn 2 35 athaifeddymeadia (p<0.05) el
iodu LLﬁgLﬁ@ﬁdﬂﬂﬂﬂﬁU@qanLé’a

2.4 msuenlushvluiden

Tushunddyinuludanannsauenldmenssuitnag salting out AAA3N5UDS Spadaro
et al. (2003) fallanslunind 24 Buingadidadonundsuenosnannwaratiildee
NITUIUNTUHUMIGS (centrifiige) nnthuilonnngnsudg ammonium sulphate fiauduty
f1e 9 Au fig’ 20%, 60% waz 75% ayvililusiuiiduesdusenaulunanauldun fibrinogen
globulins Wag albumin gursalensanianfile Geannsorhaiuredusiuiuenldvanily
Anmaudinmahidiimmzalsiely

blood

plasma’, K= 2 “red blood cells
cenlrifugation

20% saturation
NH,S0,

\L_t.'> fibrinogen

serum

60% saturation
NH, S0,

73% satration | | globulins
Mo, ||

albumin

o P = ' ¢ P o =
awil 24 nswenlusivluenesnduduvsvadifingan waswanausy wamsuen TUsdly
P s
Mdusedusznavvaswanan
=
Y : Spadaro et al. (2003)
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2.5 nszurunskandomdady

nszwrunsudnidendadutesuisn dnds sadn Taslunisdumbenazyinisduiden
s 2 ads ﬁas’fuLé’amﬂﬁzau,inaasn‘Jum3ﬁﬂ1ﬁﬁ’am§amL%wﬁ‘aiﬂawammmumsﬁuﬁ 95 Bafn
walgea Wutan 10 Wi LLa'Jmulwanansawmmaammu 95 perwaldea Wutan 30 wri
mnuuwﬂﬂamammumam'immwauwmn,wnm 10 unil aufouideniigaumaiilonarsi 80
aamwawaﬁ mﬂuumsanaumaﬂaam 985 fou Lmu'ﬂ,ﬂqumaumuwﬂunm 10 w1t
Lwaamammuaniawm LmewmnmauLaamLﬂzjfmsmmauiﬂalmamwnuw 125 aeAnvalfed
Wutian 20 "mim reuhmswudsludsiudlng fauandunmd 2.5

didea i dinds dnfaiutn 0.37%
l (41 190 A@s +Lnda 700 N3y )
L Lo ¥ A a =]
nuana (899N 1) gonai 95°C, 1781 50 ¥h
L 4
L5 R ] El -3 -]
waaa (199 2) amnpil 95°C, 1IR30 Wl

Y

v ¥ & unbasuiudodunm 10 wift @unadlanas
anheegmnlf 1 P

80°C, gunpihhwasumifanrian 42.5°C)

U59909 UTFINIRZ 6 Naw
v - n OAT a2
fahans oinin 2 wrdnraniudadwat 10 ¥
l @uupdivawdiiaaniau425°C)
Vi ' DURNIRAINTELEY 12.5°C, 1781 20 T4,
AGLA g ¥
l (AnANilanana1n 50
Tnaa ammpiiaulnaa 17°C (gumnilanas 22.2°C)

= A
AR 2.5 nszurunsrudande
d - Q) % =~ o L7
YN L UTHN ANAS 910w (2557)
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2.6 lalaseeaasen (Hydrocolloids)
lelasnoaaned Ao Indweiviavauh (hydrophilic) Aldannity &nf Qaun3d audisln
Aweddauusnssurivieduasieh InehlussduluanaifvhminluanageUsznoude
mjlensond (-OH) uaganaaniu polyelectrolyte Juq Twawefwarissuanaiifiddylu
a3 wu Wuestianuvin dldiAaees Judiadlmens emulsiien uazduasiviliiig
AuAsia Wudu (Phillips and Williams, 2000)
2.6.1 vilaveslalnsnoanassuuamauvseiinn

1) lelnsnoaassdléunainsssum@ (matural hydrocolloids) sldanndaumieg
yosRgldunuda 819 1wy ladaduiu (locust bean gum) fue1s10n (gum arabic) 7 &9
wu wwmSalavnaivsiengia Wu-arss8uuu-.(carrageenan) w3aldurandnd wu la
AU (chitin) wSeannszurumsviinlneideqdunie Wy sl (xanthan gum)

lelasmoaaapdfifauyse1nda15ilaans 58998 (modified natural
hydrocolloids) t5iun aqﬁuéﬂuamﬁqha Wiy carboxymethyl cellulose (CMC)

3) - lalnsmaaanasiduasnzyi (synthetic hydrocolloids) 1wu InwdleSaveanlenling
wias (polyethylene oxide_polymers). d@iulvalelnsasnasudniiilvliusslamilugnamnssy
awnsiliulalaspeaasufiansssuad uasanulsansssued lelasaenagedunasaiinosiiaud
uwansingtdienun g saivisfildvnanteg e wu uaasifivaaunsia (stabilizer) ang
Wiuaumila (thickenen ansiiilyiiiaua (gelling agent) wazan

2.6.2 :H13519UUY (carrageenan)

ardsduuiuduasiiatnldainamsievsiadiung (Rhodophyceae) — dwilndildnamdu
MIMIAILARA Euchema cottonii Uag E. spinosum  SilAssadnavdnify galactose \Housau
MuwueY glycosidic linkage wazilu sulphated polysaccharides Fepnsaiduuudauadungy
EJae;armmawﬂmummuummwuwmnau ester sul.phate LLasmmu 3,6 anhydro-D-
galactose (3,6-AG) - laun Kappa, lota-ia Lambda 34 carrageenan 14 3 wfiail Usenauag
Tnseadrevedindugnntlsdvdniieny dunasgvias (nmil 6)° UNiEB  uans 1,3-inked
galactoside Tuunuzf Unit A L9 1,4-linked galactoside

Kappa carrageenan Ysgnaunae 1,3-linked salactoside iingu sulphate fidumiadl 4
uazl,d-linked 3,6 anhydro-D-galactose (3,6-AG) Tneflassdufiy mu-carrageenan §1il
U3unas anhydride 37nn1sUmaliu 3,6 anhydride 3nda 28- 35% ilnavililseluunadey
LLavmmma’rmm‘lumsmﬂmamumuumsmmtﬂﬂm 3,6-AG guiigausienag um’mumnﬁhaﬁuﬁ
F1uBY sulphate Aotumiedt 4 Tu 1,3-linked galactoside LLﬁuﬂm.I suLphatemequqw 2
13 6 T 1,4-linked galactoside vevhlsfenssiduuusiia kappa finuausinansteiuly

lota carrageenan Usgnaudae 1,3-linked galactose fingal sulphate Aifuvisdl 4 uay
1,8-linked 3,6-AG fingu sulphate Aisusniedl 2 Tansdedudu nu-carrageenan AMMLLANAAS
38m324 anhydride lua$s13wuuriinkappa uag iota Ao $1urungY sulphate fAdumisi 2 1y
1,4-linked galactoside V@4 lota AzTUINNI kappa Ussaal 25-50% Anulaseluunaidou
anas Geazdnarilildeadidouyy withil sulphate fidumied 2 1nfle 80% avlareunaiden
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E . & o ' o e {oa

Lambda carrageenan Usgnaunie 1,3-linked galactose YIUNGU sulphate VAMKAUIN

= ¥ Hll 3 1 A :; ] é‘

2 Uszand 70% wag 1,4-linked galactose inau sulphate fARuwai 6 Facarrageenan ¥ilnil
aglinanistaaaiiu 3,6AG Fedlwavihildiiauan URlumsiaea

o T N e Y e N B R

r sl,mn u 1] \“II,

[ =i, e Aeen e )
-

MU Ly KAPPA £1]
r-«,o SIEEnN,. - cieGte

~ft50 B AT 50 "“'3 o
OR—

ity :cwn
C?'JH ci, mo, aHy ﬁn cn,

no A = ;: RFETTE
%—-—))_d 1 2 "/me—-
Ao "‘”’

[ \; A

LARTIIA Ta) fINTA ey

A 2.6 wihelassainestluliiananss Kappa-, lota- uag Lambda-carrageenan
o
VI : Thomus (1992)

m%m%gmuwn‘uﬁmasmalﬁlu'ifﬁ'au dnlunde sodium ves Carrageenan %iln Kappa
uay lotal aamisnazangldluindy lueasiindevssdeauuiinauq 15y Tuueaden vie
LmaLezmu‘l,ummsnauma'lmawawm da1 Carrageenan wiia lambda sravagldluthifulay
lmjunwuﬂmaqaaauwamwnw’ﬁﬂun'ﬁa varsliuogiuaduduvas Carrageenan wazdenu
mﬂawmmu‘imu MFIIUNLLLN Kappa uay lota . fedldgaminilumsazaisannnia 700C
eI inuurRvineslsiavaneluivinasaedivae uiatiseasansly water miscible
solvent 1 alcohol tae propylene elycol

ANS31TUUUY TN Kappa kaz lota Taauasnsoveiealfitoaisazatsvenida
Jwuudushag Fuaainariiaedy thermoreversible aqueous gel fin aunsaflavavarodloldsu
mm%’ammvaﬁmaﬁnﬂ%tﬁmﬁuﬁ’m W a. 1969 Rees Ifnanandeaiisdunuasaising
\Aawaliiesnniianis.form Wy double helix mammumuawmammamma gamniivay
mstunuazannsayiiv helices aanbdly random coluigiusasaziinnisadng polymer
net work 3 §ifl wiazanevodwawasvvsudiudiifia junction point (gel 1) uaviiloudasls
Lauaaanavmﬂmsm%nwaa junction point (gel 1) 3ndy m’tmﬂﬂmmmmwmammw
7127 maiilanydosuasiinasiensiinmg Wy Kappa carrageenan iloifiu K* auiiin elastic
gel ffy Ca™* auiin rigid gel dau lota carrageenan iflatiu Ca” 9ifin elastic gel ey
A15313uuuYin Kappa AU lota 1d1defuasildianddlunisiinealduniy waild
fl elastic viuTunaztiin syneresis fovas waz lldUsslavdlundndasiomisvatsuiin
WU dessert gels, whipped topping tag fluid milk products



SOLUTION GEL1 GeL

A 27 nalnnsiineaues Carrageenan
=
Y131 : Rees (1969)

maulocust bean gum 1 kappa carrageenan aeaeova3uiE el strength Liindy
Wisudhwneiileina niwnsiasumndtadiuiiamudaveuiuanin syneresis anas Shsndan
Aunzaumas-kappa fio locust bean | gum Aa21 agrliAn gel strength (RvTu wasdl
§nsrdau 1:4 aei WA syneresis voriian lunnhilsdusde fasiowmsdoainliiaandsn
Funu has locust bean eum azaralivuaEarouissinea Touldrundafasiomsigy fish
gels ung dessert ~gels ~ uANIIWAN locust bean | gum fiv iota 'carrageenan 9uluiiinasa gel
strength uivziinaregamatiilviiaiea ( gelling temperature) wazhrntituniinvedian &1
wau locust bean glm 1 daurfup s dusmniin ota 10 @i zdaeviliAnaaioamyligedy
meaﬁlﬁﬁﬂmuﬁﬁﬂu pseudopi.astic

A ¥ Tuuudnivgveasdan piifnnarsfadusine Tudmedid pH m'm LAn
A3 hydrolysis 984 glycosidic Lmkage unawﬂwamuaaﬂmwumLtasm'immﬂa wenanifaany
sauafanjummm'sl,nﬂ‘l.a‘[m'ﬂmmn‘uuwpi-! #i m:ﬁ'mLLuua'm1~mu’mﬂﬂsauﬂmmmuauﬂﬂ
wiu wils diana. Ay fssainanfsdisuudu anionic Ssesdaiuldiy anionic u q sauve
ffu nonionic agslsinmaT T TRuuRyliausadaivfy cation sy UATeAU gelatin uae
Tushudu q

Tumsthadfuululdlugramnsnsiosdileds onic content vasEndnufiiug de
wu dmistuuunauaduemsiiiusiu wydamalulinanavesanssduuu agyhuijisenfumy
wuﬂsvﬁlluimanammiﬂimu‘lﬂ laun n1941 Carrageenan lﬂlwﬂiuiﬂﬁuuluwamnmmuu
Wiy Calcium fortified milk, Chocolate milk, Mousse, Pudding way Ice cream ‘N%Lmumiﬁ
JuuuadludrunanveslonnIuiitoduainfiununci faelvaunauvedleaniunaniude
weniuladny LLa.f!,smmumUuwmmmLwnmaaﬂm (whey off) sznIunsiAushen YSinaans
TRuuNAliUsENR 0.01-0.02 % vasdunauTavNe usnaniiFairiuldlu Water-based food
systemsi@u Fruits in gel, Fruit beverages, Pie filling wag Surimi s
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2.6.3 ByMs (agar)

avmiifiuansitataléeinamiiensaiuns (Rhodophyceae) fifiusldinnda Gelidium
cartilagineum, Gracilaria confervoides wae Pteroclaia capillacea Saasuinusnldudnoznis
yransd Ussineiindaldun Juu sy 38 wasinma

gen15USenoUsIY agarose WA agaropectin ¥4 agarose b ulndugaailsd
Usznousie 1,4 linked 3,6-anhydro-L-galactose uag 1,3 linked b-D-galactose 13tqadunu
W (2l 2.8) dau agaropectin Wulndugnarlsddamniilnssadramilou acarose ud 3,6-
anhydro-L-galactose mﬂmaqagﬂzmuﬁﬁw%’mwwismm 5-8 %

S ANHYDRO" L xEANRYDROY _ BecAMMYDROW
= a0 CRACTOSE =00 - D GALACTOSE o= D GALACTOSE ~
L EMICTOSE L GALACTOSE. L GALAGFOSE

s o n AGAROBIOSE = o st pssr i s AGAROBIOBE e e wa
- NEQASARORIOZE v e HEQAGAROBIOIE = = ve = = HEQADAROBIOSE v oms

@ :  THE POJITION CLEAYED BY AGID.
© 1 e POSITION CLEAVER @Y ENIYMES.

2l 2.8 Tpseadnves asarose
711 : Lahaye and Rochas (1991)

avn1slaiazarlutiudi azawldednedh q lmihden avaneliffamdidulaibu 4% lu
vuilon n"ﬂ‘ﬁ'ﬁmqmﬁu%’uqﬂﬁ autoclave 71 120°C. iftavaetunisasang p¥mliANEINT0gN
dldfvhldfAmealdieduduinfios 0.04% Hawalilaghifesendoansdu q frelumaiia
19a FamsiAateawuuindenia physical” gels Traiialauianaves agarose asmuaﬂuﬁmsﬁ
s random coil wagillogamgiianadindenmiiifineassiinnisiufuvesaelniiues
Wuwuu B1 (antisymmetric-double hélicas) Wie B2 (symmetric double helices) uagagls
Tassadiednuazduiuy ¢, D @iy W C D ([@awdn) smudidu fsnawil 2.9 msflasiia
sunuuladuiuagfuainnialunisanasvesgungdl fanaufinsldlassairadunuy
sUBLuag CD (duuw) wazieafildautmiy thermoreversible gel Imaﬁ"'ﬂﬂﬁgmmmﬁmﬂaﬂ
svunnl 35-40°C uasliyavanunadagludag 85-90°C Loaitldiidnwasidounds Judindes
gou Wizuanldine (orittle) iadudaduuuy juiciness Wag crunchy wastiin syneresis n1§
danana weimndniu wienaudy locust bean oum 9zvhlthieailiindull gel strength uas
AmBavguiintiy annaiiin syneress uidniundofeluiondadiunarifnansefududer
Thaafldfiauudausanas wafliinenesnisnumiudoummsgamaidvil¥iiawa uazqn
wasumastesaaiivisieiy nsldosmilugnannssusing 4 ffil
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- Bakery Industry THesmfifioutUnyminsuasushvenhniafindeu Gicng as
imginued icing MuTaRva anmsuaninuasvignalsws icing

- Confectioneries U 149lu jelly candies, meringues uas pudding

- Meat and fish product 1 canned tuna in jelly w39 wanly fish extract w9
wielfieen Ravor uaswin soup

- Vegetarian and health products 14y Bulking agent uviuutls

- limandyaansasldidu stow release ingredient nsgagmsliiamnsagoslu
Srmeuyedifidosantufeuls

- 1#¥u tissue culture media Tunsimzdsaiioide

A i 2.9 [nalnnasiinisaues Acarose
1 : Medin(1995)

2.6.4 lafantuil (Locust bean gum)

ladaaduiulaaan endosperm vasiudnsiy carsb (Ceratonia siltiqua) Urands
15897 carob, \seed. gum.-#i carob \,Uuwwﬂanluu,nmm iwadisideu Tuseala uaslusy
\n# Locust bean um 'Lummmauma'Lumwumaq‘L'umwmauma‘lumia vany ﬂvlwaﬁavmw
firmmilagefigaidlafvariufongdis 95°C niveaniuSuilviduas Taquiulasinmswaunladad
Uuﬂulwauumwmm‘té‘luumu LLaﬂmmmuwamﬂmwu T.ﬂsaaima»&IaﬂamuuﬂmﬂuﬁwaLuai
818817989 mannose Ao AUNIO R LSS 1.4 LLawunuL‘uuwaq galactose nafiuA7Y
WUsY 1,6 dM51d7UVD9 mannose #ie galactose LUu 4:1 Fanwdl 2.10 lasanunslasadng
uuuuﬁ]am’lﬁmaﬂauﬂauwmumwanwaa mannose 3891 smooth aduiuduiiiunuaug

ladaitumiliamsafinealdfonhuuaniu Xanthan eum JeaeviliiAnaaldve
e1ananTIiu Kappa carrageenan seanaiiiy gel strength Wazann1S\AmA syneresis widindn
Y89 Locust  bean  gum A ifinAruniin wazarunailEiuitady uasdudinas
\if syneresis lﬂnwﬁm,”mﬂimmwmwﬁﬂ I swnsnsslos wos YU wieuds TornSy
wazwdnSnaiiie Iul,umwaiaﬂamuunumEjm'lmnm coagulation 1533 uazsinlsldionsnay
989 curd WRmnTuUsEIAL 10% Tulemedulafadfufuas i iiduansdinaunsi uas
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Freguin vinldloandulfnvaziiedlow vena1nddald 9y mould damfundn eum
v o ad 4
drops %38 jelly candies ual#iu body agent dwsuinIssiuaudiulsawimiy

o8

o

awit 2,10 Tassadsliianavestadaduiy
iun : Medin (1995)

2.6:5  \vauauny (gellan gum)
wanauiy Wuwedidnalsanufiivsyqau dannisvilnewuaiise Pseudomonas
elodea U'svnaumwmauaa%ﬂ YpuvTYudnalse (tetra saccharide) Hasfussnevidiu

hanausulud nsnngalsiin uestimanglaa 2 tuana. Wuasdewalue s uasaviinieald
o
Tunngiiilogeuvsequan

2.6.6" 19aa7fu (celatin)
wanfudulglnsneaasesd Fafiulusiuilfannnisidganinsssiemi Lmvaﬁ'mlﬁmn
ﬂaammu (collagen) sauﬂu'f.ﬂsmussmmmwuaalu nszan niednd way Luawa
\Aeu (connective tissue) vaddn? 11d A97e Y37 Iﬂ&‘[ﬂumwmammsnw %30 A9 indee
vrsaama'lﬁmanammﬂaamwmanaq Wasudumaniy
wariuiidnmosiuudy Fuinde Wiondiniesdoy wsaamﬁmmwu avaneldluthdoy
iazangluiudu usgssouirmesh uavdunhld 510 Fhvenfwiiu axanslélunsauedin
(acetic acid I:Jawmﬂ'l.uamm paolswesy Wavionusa 98%
wanfu ﬁmﬂmmnmaﬂumﬁﬁ (food~additive) o maaiunailutiuasisey
Jou anduveanamiln Luammiﬂmawaammmﬂmamuma (gel) Tnasluomsldvane
?mqﬂsuﬁaﬂmu
- Tdduasiiviildanesg (gelling agent) AduFuTureuvarlfifislasy
ANUTOU (thermoreversible gel)
- Tluasiilddnaua (stabilizer) {Hussiadliess (emulsifier)
syl ulas Liuendy
- liwawnulasiu (fat replacer) [lue s istlasiush
- ldwdunsunaniunuvindusa (Ravor encapsulation)
- ldinfoulta usw vumidn WesnwInsuEy
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1) nsudnatiuladldnse (Acid Manufacturing Process)

Bsdeasense WuiBmswdnilinszgnuy uaswiisanduingiu Tneaaaan
wuiafaliantngfvesgnusulibunse e pH Ussanm 4 warliasudouiivduan 50
sernwadea uien e lnlusiunsaaaugyidvan messueA (protein  denaturation)
wagyilifazangld vdsoniuasasaasgniluadnletusen waznses (itration) iilella uda
9y lmdutu {concentration) TmEJﬂ'l‘i‘i::mEJﬁ'JEJLﬂ%‘ﬂasamaa;zyfgﬁmﬁ (vacuum evaporator)
vonn3nsasiieida (membrane filtration) Tneldifeviln ultra filtration gl ldanfuiudu
wefaziluvhua (dehydration) fuinldnseulugeuandou funsugavhofoun e wasussy
Tuussying

wanfudtld i isoionie-point BgTEwsae 7 fls 9 Fusgifusrasiauazaugunse
999N15808ABARNIUNIENIA Failnariaufi3en hydrolysis..  vesnsauailukeanisifu
(asparagine) Uazngmiiy (glutamine)

2) mstianeaifulaeldeng (Atkali Manufacturing Process)
nesuimMInAmafvisaslddmsumivhuasuvddingduandaintienguin
lneaoaanauszgnidludawn naunisann alsestes. side chains vuliana
Y84 asparagine wag.glutamine Wildunsangnifin (glutamic ' acid) tasnsauedndn (aspartic
acid) vinWlsieaudil iscelactric! point sndned.8" fla 5.2 antiuisdnesnesnuasiin
indednuiuiiintugianisly MswanasuUTLq (ion-exchange) goeraRaBnin 7isziuan pH
fsipams Feszdiuan pH. ilnadeninamilauazauudausseaea MntauiiUdmeiodoy
aosanlATueaRuwileulunsndsmsldnsassiinaial i heiu (nawdh2.11)
mmﬁuﬁlﬁmni’masgn’hﬂgu ananldlums@newnsmaiald finadead
QNADIAIMVANN TANEUAB AR a"mmmﬁuﬁlﬁmnm&lﬂmmmﬁaﬂﬂum‘m%mmwﬁmmalﬁ
wanusnUandweaniudnvtiandsiianansaldlumsuasevnseanats lasdulnalldanan
ysiathin Wy Uan cod, haddock wae Pollock Ehis

Ao
Type A Goleitin
g T
I o
[ iisonesi o[ pigsking |
! v
wasihhg Grinding Washing
! !
L
Grinding Defatting Gringing
| ¢ |
Liming Process Washing Hydrolysis
: |
T
Washing Maceraling viashing
4 }
Heutralizing Weashing Stage Extraction
|
Shge extraction

- Balatiivsoltion:

A:l | = -
AN 2.11 NITUISATHERLIE AU
a1 : Medin (1995)

1485959
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2.7 anldlelnsaoasesdlunsuiuugdnunsieduriauasauannsalunsdih

nslélelasmenaseslunsuiuussdnunsieduda uagauaansalunisguhly
wAndnsRtudendaidudlifinmsinuBeniniuld wildtinnsldlundafusay 9 1y 27N
NsnAaedwes Karim et al. (1999) 1RAnwinavasntssdunusiadminuald (yield) was
AuanTRvesmiindueiiyuacs lnsnimaasdinisldaisnFuuusauiu eucono-d-lactone
(GDL), calcium sulphate (CS) uag calcium acetate (CA) Wud1nstamIFIuuUTMTU CA
anunsetaelindndusidngmasafivmiinaald mnunsh uasdnvaidedudmnivanninisld
adsnduuusiutu GDL uar CS seafifuddnmiaadd sedt 4) dosnasldendsnSuuu
$2uiU GDL way CS vl pH ana finavililassadslusfiuiamsuasiuas Uasusenii
melulassaiiasantn (Smith and Cirele;1972) Savialishimitnuald ruasih waziimuuds
anad Usinmaruduresnsldniiassuuusiuiu GoL gend1CS uay CA Jsamnsadanaldann
dhwinualdvesad (whey) fisiesadensis 2/4

A1599 2.4 waesmslinnisituug uasa1siennnenousieaIRUsENauT LY

Coagulanth Carrageenan . Yield® . Moisture Protein Moisture pH Whey
(e ) (@) (%) %) retention” (mb)
eg)

0 1405 o781’ | 11.5(5220) 682" 557 623

Calcium sulphate 1.0 153.8° 81.3* 9.49(50.83) 8.57° 562  590°
20 1869 (828 . | 8.77(50.88) 9.44" 560 558"

0 136.3' /0 790" 11.0(52.29) 7.20' 562 622

Calcium acetate 1.0 159.6° 82.a° 8.93(50.86) 9.23° 582  596°
20 2000" | 84.6° | 7.45%48.46) 11.3¢° 576 532"

0 16117 813 9.41'(50.29) 8.64' 452 586

Glucono-d-lactone 1.0 183,55 831" 8,29(48.94) 10.02" 455 561"
20 1602 | 797" 10,41(51.4) 7.66. 452 580

Annansliyaiiauuisan<s% dulsvinsyeudngtatnlifianuuandretumdtddayniadi p>0.05,
b g a o - = w - ) <
Calcium sulphate 915gaU 0.02 mol & ; Glucono-d-lactone #is¥AU 0.02 mol LI, © Yminanvauuia
=3 d g ar L [ =
Wifiae 700 mi, ~ uminuisluviae o/g vaslysau
i :
w1 @ Karim et. al. (1999)

Nsnnassves Ia1dd Alge (2551) Wvihmsanwmswaurdndasituiivad
XERIREY Tﬂaﬁﬂ‘mwa‘uaa“u%mzummﬁuﬁaé’mwﬁawaa@lﬂ‘sa/ﬂqiﬂahﬁﬂ WANIATAIN LNase
Auvidln A1 water activity vaswdndasituiioadosedifodfamieedd (o < 0.05) laomsifu
veslSinaneaiiy wasdnadruvesylasa/nglaaled fnasvilimuminifiaty wir water
activity vesdnfusituiieadanas drumaiuuSinaunsndninilfanuvinanas uie water
activity vesdndoeituiieadifivdy fwmsedt 2.5
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A997 2.5 AAduviiauayen water activity vesnAnfoiiudioad
Uade

¥ waniu %) glasa/ngladles  nse@eimdudu 50%  enuwdin P)  water activity
1 5.00 0.50 3,00 392.6200.97°  0.726(0.001)°
2 5.00 1.50 4.00 267.75(1.99°  0.734(0.002)
3 9.00 0.50 3,00 878.28(2.85°  0.696(0.002)°
a 9.00 1.50 4.00 776751437 0.718(0.002)°
5 7.00 1.00 2.74 55291339 0.714(0.002)°
6 7.00 1.76 3.50 45184 (1900  0.734(0.002)
7 3.95 1.00 350 24297237"  0.806(0.005)"
8 10.05 1.00 2.14 932.88(2.79)  0.675(0.004)"
9 7.00 1.00 3.50 515.39(1.08)  0.723(0.002)°
10 7.00 1.00 3,50 505.43(2.74)  0.726(0.005)°

o o L o - e o v aad ar - w v
WaLAan manmﬁmmu'[.uumm VHTUEN ATRAUVILANANAUN HNERNVITEAURNINLIYDLUIREGEY 95
) a1 = v
dnatltandy vnods dawdoiunasgvesioya

i« Janad dtoyan (2551)

wagNMIUsBiunUsTa nauNa vauiﬁﬂxuuuﬂ'a'mwuﬁﬁhqﬁqmﬁﬂ%mmwmﬁ‘u
10.05 \Wasidus dnsrduglasd / nglaalesy vindu 1/l dasasazansnsndein (dudy 50
Wosldue) 2.74 nJammm mﬂuummiwmmwamnmmﬂuuwaammu‘[ﬂammsmfwumaumm
uduganinizuiiann 3 gns AefssAuAIIA 10, 20 (Uas 30% (WA) Aud i Lua
AR URMA T Tsa MR vnaen 30 au 1ne3% 9-point Aedonic scale wuin amw
Taimanandindy 3209 (wA) “LﬁmuLme'lmauimmwamqﬂ

INNIAADITDY Pires Vilelaret. al. (2011) ANWI89ENauaBNINISIARNLIEUR4LT
awau A (gellan“gum) nTusiutivdessmiunslindessant@menionim waslaseedg
vIganIA lasinswngensiineanien i (cold-set gelation) vaslusiudaumins (i)
ldauau fu egninaifisunda (KCL %3e CaCly) Tnswmsidisnunninstuansds e nsify
ndelaene (fast gelation) LaemsRundngesMsunsNI LA BHALLILUSY (slow gelation)
nnifuthudiasae wmﬂmﬁuumwana nslvadurasnir Syneresis) ) wazlassaiianegania 9n
NANTVAADY NUINRTIRLLAAT LA EIB TSI RsE Y edinuuss wazinnsidegysia (
deformable) ldunnnineafifuiimsiduunadoulaenss wunsin 1iLmu‘EmvnawaumTwwamq
i mmmmmamgﬂmmummuwaLUuLuammnu (il 2.12) uidnhundasnglinges
qansse (nwdl 2.13) ﬁ]uaammmulm'mm'a'\mmnmqnu MsiANLARRELIEYIRlATIES D
Tsfunenesnandudaaunia sm‘uuagﬂUﬂawuLmu‘uumaaiﬂimu uwas polysaccharide agalsf
Muneniionnesdiusznay wavainduduresiniwesanssaumananisinemuintaves
\nde u,avm'mLﬁwaqmssmmnumI,Uammawu‘llmqammmnmqnu wagyinlvidle e
Benafiuansineiu



amdl 212 Snvrlnevaluvesnauay M wauau funautulusiudamies niewasax (A),
wanauTiFuLAnTufEIslaase 8), wanauiifulnuadsuieiiiaonse (Q),
wananiAuaag s -wasifliAalfsusedinsunsnszans (D), Wanauiiiunae
T56 uaziBulnuwvdlBoumedimsuninseaeE), vay wanauiidueaslss (F)

#lan ; Pires Vilela et . (2011)

awil 2.13 -amilassesmelindesganssed wasaurasdulnenaden (A, Wsiudundas
7% nenfuunaden (8), Weiuduwdes 8% ranfuuraden (0, uaslusiud
Wied 8% maufuLAaIdEN (Frdsuene 2000 1) (D)

flan : PiresVilela et al (2011)

MNNISNAABIIEY. Norziah et al. (2006) Iadnwauifvesansnauseniieiu uay
uaUr-msduuuludnsadouiy /uattrasiduauiisssu 10070, 80/20, 60/40, Wwaz 20/80 ny
Wirrududuresanausaiifuosas. 1.5 wudstumsuetiver-meduuuadlufudy fina
vilbigamgiilunisiiaea uargamgilumsvasumarvesavesiuanaadledadruves uauus-
M duugedy
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unfl 3
AAtun1sIY

3.1 msfinvwavesnszuauntsuvsglfendadulugmuieuitinadndauiunisidaslelas
aaeanen (hydrocolloids)
3.1.1  mafudedwdenda uaznafiuhusvmeiinisvuds
methadonidaflfmnlsendnenidindd srin v.as8uns Afiuldluduneunis
g1 Segmiwnfnans trisodium citrate (NasCeHsOr) Aimandudu 10% (wA) Tudasid
sodium citrate : @ealawiiu 1:9 (Wv) Lﬁﬂﬁlﬁﬂ’é’]ﬁﬁﬂﬁi@ﬂﬁ’lﬂ%ﬁ sodium citrate Wiy
19% (wv) nalidnfuiiatesiunisidsfavesaan (coagulation) Mmuiuinufetion
HalaemsutlunmuzTegiiniiinslithuduitevilmsulretgumgivssann 1-3 ssrisaidea
uagvhnisoudanduindsiesufifmsmaluladiflednd antumelulagwsyaomndudanmms
anansea (ngame) anetu3 Hlomdsnsifuiedas

3.1.2 / mawmssuiediaiondadulugimuiou
foyaidosiulunasisde wagsmniananlssuaggniniy uldlunisvaaes Insganis
nAaDIAIuAN, (control) s¥ldarminduasainiu 65% () amsnduduindeaavinewinfu
0.16% (wAv) w30 0:0273 M uarussqluganuie (Nylon) faaiin amfuhludiiugiai
mmuammu (Water' bath, Memmert, Germany) wammﬂu 95 pafAUBLTLE 178 60 U
ndsontuhwilisulaelissnrsudihnantiug (13 swivaidos

3.1.3  Ufuugsaanmusdideaiasu
ungeatlasuainde 1.2 WSudseAA ISR uaN Yol ilodifa vavanwawsely

msquuﬂma’lwmmum's"l,a‘[mﬂaaaaaﬁ (hydrecolloids) fiussalugmiudon (Nylon) ilnaiin
piall

- Carrageenan .+ locust bean gum (50:50) : 05, 1.0%

— Carrageenan + locust bean eum (60:40) : 0.5,1.0%

— Gelatin : 0.2,0.5, 0:8,-1.0, 2.0 %

- Agar:0.2,0.5, 08, 1.0,2.0 %

- gellan gum : 0.2, 0.5, 0.8, 1.0, 2.0 %

3.14 Boadaduiildennde 1.3 thunsdirsssinunmwideadadussdoluil
3.1.4.1 dnhuilodudalngsan (Texture Profile Analysis, TPA)
'aLﬂi']v‘mmﬁﬂsvLuuﬂzumwvmmu;uaamwamaawamnmmgaamtﬂﬂs’m Men1suseiiu
ﬂmmwmaﬁwﬁaﬁ’uﬁmwu Texture Profile Analysis (TPA) §384A384 Instron model 1011
(Calibration Laboratory, USA) ImammimmaaﬂLﬂmmv‘mmsm"mu’lumamiauﬂwﬂu
gounnil (Water bath, Memmert, Germany) Wuwan 60 unit mﬂuummamqL‘Uuﬂauamaau

9
e at

VWTEATUM 2 X 2 X 2 ([WURLUAT Wﬁﬂﬂi?ﬁﬂﬂﬁ]'}@ﬂ’]\%ﬂ?ﬁﬁ'ﬂﬂLL‘U‘Uﬂﬂ (compression) TUALEY

9
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sugudnan 15.5 wuiluns nanwadildlunisiadn 500 fdu Ingfmunnisindivesiaegag
szgnnaasluilusvegneiosay 40 vasmugaiied  udaziediinansasiinasiad 10
a1 (Bourne. 2002; Colmenero et al. 2004) TuiinAtmuuds (hardness, N) Aranumiien
AAIBY1Y (gumminess, N) ArauenlunnsiAen (chewiness, N) Al uBave (springiness,
ratio} Wa¥ANILNNYFNY (cohesiveness, ratio)

3.1.4.2 ﬂ'n'ma'lm‘m'lum'ié:uﬁ'l (Water Holding Capacity, WHC)

Sinrzinuanusalumsutihvesdenidndusaeisidauaminues Schafer et
al. (2002) AluansradeUinaniilvadussnuiandouiden (free exudates %) Inodnfay
densuliiufmasudniavun 2.x2% 1 @lfms Sufindwindudu (A) thamtauunsgay
nyod Whatman  1wa31) Iesunaudenu1euunsEaaunses 2 udy warlavusmuudn 1
wrlns sheeliun 20407 Tl mindeuidendnads (8) udsnttmand wanArAE I Ta Y
nsgnhlnsAnduiminvenhfivadusenineinfeuden

% Free exudate = (A-B/A) x 100

3.1.4.3_Svondandady
hnsusyiivannmmsiwiveudeailndu Tnasinfeuiden asududivaeninya
YUM 2 X 2.X 2 ([URINT Lf';mmmﬂwmﬂﬁwaﬁﬁ‘ugé‘uum (aperture size) TouASavind Faus
aeiRgMARERSTINTSTAm 3 Aasuasiansualdiue 1¥ (Lichtness), .a* (Redness), b*
(Yellowness) Tuguuuu. CIE faadesingd Colormeter MiniScan’ EZ'4000L-(Hunter Lab Inc,
Reston, VA, USA) U§uifiturniaSad (calibrate) feusiudinasginaunsiainass

3.1.4.4 “Uhnudeqdunidviann (Total plate count)

vhnsnsaniamstuiliounsgaunidoswininidondadi Taudemethadenda
s 25 n3u Tdluensagauindelndouraslsd 0.85% U3uins 225 fadans udnivesnsiuise
1384 stomacher WU 60 3uTl videantuiiunea1e ¢ sedu TagtnsageUsuns 1
findans ldluansazansndelaiFeunalsd 0.85% fnSouliUSums 9 Jaddns Wenisesae
Inswivungan wagialuga Sedesiiarauisnslvanasiiazduiin (ten-fold dilution)
ydntuhieniiviuliluirasssduaiudeissuiu 0.1 faddns vesldluauams
doadeduadu ¢ @ (nwil 3.1) LABEIZAUAINNATBINNLAINITNAADUVUDIMT PCA
v 2 Puiethindumeeisresiuadeivudeu ndsonduiiaiuswnsiuved
gunnll 37 ssrwandos unan 24-48 47l Lﬁami'nam'nmﬂﬁL‘%‘Unéuﬁﬁﬁfylﬁﬁﬁammﬁﬂw
na1e (Mesophile) mcﬂmmimmmLwﬂmsanauwmmlmmwamwnuaa (Thermophile) 1%1in
mummﬂﬂuuwammu 55 ssrwaldoa Wuian 3 U wesdwesmsmsiamuusiidungud
mrylmmmﬂ.mmm (Psychrophile) ’memummﬂﬂumqafwmn 7 samaded 1unan 10
U vraqmnuuuummu‘lﬂlaumawauw‘mmwmiﬂmaanuumuwﬂﬂlauimw 30-300 Talad
Tsnuraiduiiu colony-forming unit {(cfu) fio 1 Naddns w3e 1 n3u (Downes and  Ito,
2001)
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. ram [ ,m. o - rom E

10 mb

Sampla

:{ =9 L3 = el I‘s v e
AN 3.1 MFRTIVIAI IV UANLIEVNVUANBIDNIT dl‘Dp pLate method
al
1141 : Downes and lto (2001)

3.1.4.5, MIUTEIUNISUSTEMAUNE (sensory evaluation)
ynsREeUNsUssdiuanvasnsUssaviduiaanuveulassan (Hedonic scale)
Tnelifmaaeuilésunsindu (rained panel) S 12 au Falugransd uaztdhfinwannin
wialuladnisudadnitagdszas pazaluladnisinyas aanivumaluladnssasunaidnm
wmsafmn‘svﬁq IngUssiiupudnung (attributes) voaw@niinmiaing nAusa R (1Y) uag
ilodurte (ArmBaneu-udsauing) (Stone. 1992)

3.1.4.6, A1sAATIeideyaNeEin
asfnwnlupdail nvsmeslagldurunisnaasssiunmsvsassuuudsluvion
auysal (Randomized Complete Block Desigh ; RCED) Tnevianasvadad 3 afa tndayailéann
N1SNARBWNIAT IR ST (Analysis” of | Variance,”ANOVA) uavlU3aulfisuain
WANAITENTNNGUNAADINALIT.Ouncan’s multiple~~tange test (DMRT) si2alusung
PauRImasduIagy (SPSS for windows version11:5: SPSS Inc.) (Steel and Torrie. 1980)

3.2 nsAnwaeAUsznaumeall wasamuamelnguIng

321 denifenafunugasivioulneldanslslnsnonassdainds 1.3 fsunis
Fadenauammsdiusing q finisinelude 1.4 vdentuienfnwesdusznaumand
wazauAdlamnseesfendafuSouiivufudendndugnsiluiduanstslasnsaaosd

3.2.2 TFiasnzhesaussnaumanil (Proximate composition) WasAIUINAINEIIY
o v P~ - W o a
domlandunszyiunisudsgudulugamudoulnainuds szgnihuniasey
asAUsznaUNINAll (proximate composition) Tan 1 Tusitu Tudfu enslulewnsn wagidn Tngld
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fedrandendadugnsund (control) LLa::Qmﬁ&humiﬁ'mLﬁaﬂiauﬁ’uwwu%ﬁw Sn@a wray
fpgrmnanssiinsTas 3 asiamaiia AOAC (2006) Ailldasudaniiuefidud (wet
weight basis) Aasiziamdsnuaniegslalagyssunaaiainlusiu (x 4 keal/g) ardlule
ims (x 4 keal/g) uagludiu (x 9 keal/g) Mfluasdusensuresdnsiusidendnsty

3.23  a99m1U3uIad Heme-iron

A57IUSHIE Heme-iron #28138n15089 Homsey (1956) fasiaudaslaeiishetnuden
Hadiu 4-5 nfu ldluvasmoudhivuin 50 faddns wlsuarsasate acid-acetone USums 25
adans fiusznaudie acidified acetone 16 fiaddns undu 3.6 faddas waw HCL 0.4
Haddns  (msiusudiuinsmslglimisaumuiedavmaany) Tnsuudldasasaty acidified
acetone luviaaaluRtnTuIn 50 :uaaam' Usuns 10 fiadans. wdnun homogenized (T25
ultra turrax, Krackeler Scientific, USA.) firmrusaseu WWuan30. Jundl finansazane acid-
acetone Tumaedn 10 -Haddny wanbiitriy iulunfiadunan 14 Falus tuvyuieed
ALY/ 2,200 ¢ 1UUMEN 10 Wi ﬁqmmﬁ 10, pereaRa ndsanTutanseee
NIEANYNI8Y Whatman 1ues 1 LLﬁw'ﬂﬁmf-i'mﬁg}ﬂnﬁmmqﬁ 640 W TWINT LAIATUINM
Heme iron (ug/g) Fauntseialuil

Heme iron (ug/g) = OD x std. curve x dilution x 0.0882
Weight of smple

msasawmmgmﬁ’l'ﬁ‘ﬁa Hematin (CssHasFeNQs) idaaranaudindi 0-1500 pig/ul

]

3.2.4  aman1duiadl Non-heme iron

A9V non-hema iron AisaulaseIn3an1sges Rebouche et al. (2004) Taeth
egraudondnuszunass0 faansu Wnhndu (110 wA) Thanusnaude glass - glass duall
homogenizer Uw:‘i’wﬁa thansavareidendnile 200 lalasans wanssneulusaudionisld
anTaratenanYes ACL Avimarndidi AN waz Tricholoacetic acid: 10%./(w/v) U'imm 200
lulasans mnuumm’iwmwmaummwnu 95 mmwmmaa Wiwaan 1 $lus waqmnuummm
1ﬂamumaamgquu Wunan.2 andl Lmemmgumwawmmt‘sﬁﬂu 10,000 ¢ ‘nqquu 20
ssrgaidesd 1Wunan 10 nd diduvesvadladiléinusuins 60 lulasans antuidiy
d19a8aN8NaNYDY chromogen solution fssnoude ferrozine 0.508 mM, sodium acetate
1.5 M uag thioglycoloic acid 0.1% (wA) U3uas 60 lulasans  wdsentuiluvaluiide
muldguvgiivio L‘U‘L!L‘Jﬁ"l 30 U uamswmmmsmmnauuﬁaw 562 uiluuns  Iaald
#190ZAWNINTFIU (Fe™) fidrsarududy 0-60 pg/pl warldansavanenauiiusznaudng
sodium acetate 1.5 M wag thioglycolic acid 0.1% (v/v) dwsudu sample blank solution

325  milnseidayanieedi
nsenwluaded vnsvaaedlagldununisnaasiununsnaassuuuguluudan
#iuys0l (Randomized Complete Block Design ; RCBD) Tngvhnisnnass 3 ads thdeyaildan
NINABDILIATIZIIALRUTUSIU (Analysis of Variance, ANOVA) uaglUssutfivuaniy
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WANANTENINNGUNARBWNIETT Duncan’s  multiple range test (DMRT) sglusunsy
ranfuaasd593U (SPSS for windows version 11.5: SPSS Inc.) (Steel and Torrie. 1980)

3.3 mifinwegmaivinyesdenladuussglugenuieulingdn

Bondaduiiiuaslalasreanseiainds 1.3 Aiumsdadanamainmiedueig q

wargnsiliiivanslalnsnoaanes ssgminnmessvaigmsifiuinuilgamgli 4 ssrueadon

Wuszeza i 1 oy LLaxEjmmmwi’m@mmw fu 5’uﬁ 0,2 4, 6,8, 10, 14, 18, 22, 26 way

30 filemsrninnunmdusg q feil

331  anwasidedudalassan (Texture Profile Analysis, TPA)

RinmeinmsUssiluauamyisiaofiiaveskdnfusidondadu Meonisusadiu

AL AuNaWUU Texture Profile Analysis (TPA) ‘aeia3as Instron model 1011

(Calibration Laboratety, USA) - lnevhmsdiidendafazvhmstsziiulugmifeununy

gl (Water/bath, Memmert, Germany) (fia1 60 wait- arniuiafethadufoudviey .

1 v
v ad

WIAUIIN 22 x 2 LUAlAs iamsinmfagg R inkuung (compression) wuaEy
rugudngny 15.5 luiiins Tvaaisadnidlunis Tar 500 dadu lnedwunmsinaivesdiotng
wgnnaadluiduszagnieiasas 40 weenugIRaaEn ) uiazdetiimaassgsinisiad 10
a$1 (Boure. 2002; Colmenero-et al.' 2004) Yuiinarmaieds (hardness; N) faumiien
ASEEM (gumminess, N) Arnmennlunisifen (chawiness, N} mABavey (springiness,
ratio) kazAIMILNIZFINY (cohesiveness; ratio) '

338 mmaqmsa‘lumsé'uﬁ'} (Water Holding Capacity, WHC)

Apsassingauisalunsgiiwendendafudeisisaulamnaey Schafer et al
(2002) TuanmagasUsihiiluafuoonuiainioudion (free exudates %) Inefaiouidendu
WhudmaundnFaunn 2 x 2 %1 wuliems. SufiniviinSusy (Aumiuunssaenses
(Whatman we1) Tagdanaudesaimisuunsemungas 2 Wiy whitleviudnuudn 1 wiu faife
¥u 20 wnit Fadmiindeudonsnase (8) wi A Iss e saansatunsdini
TIneAnduiminveshilvadissnnendeudas

%-Free exudate = (A-B/A) x-100

333 dusadeoadady
o ] = L o = < s
vinsussiuguammsmuivesdendadu Ingdadoudendasuduivaeudysa

1

MR 2 x 2 x 2 wuians Wesnduruaiiwedtugiuums (aperture size) vasindosing deud

ghatmAReIIEin1sTaf 3 Assuasuananaldudn L* (Lightness), a* (Redness), b*
(Yellowness) ‘lugmm‘u CIE ﬁ’mm%ﬁﬂﬁ Colorimeter MiniScan EZ 4000L (Hunter Lab Inc,,
Reston, VA, USA) USuiflaushiefes (catibrate) feusufinasgruaunsiamnads
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3.3.4  avanidiuas Heme-iron

ATINUSHIR Heme-iron fe3Bnsues Homsey (1956) #adnudadlnerthdethadan
Jadu 4-5 n¥u Tdluvasnwudfadaung 50 faddns Lmaumiauma acid-acetone USunms 25
addny MUszneudie acidified acetone 16 §iadans 1ndu 3.6 fadans uaz HCL 0.4
f8ddns  (AsdUSuUSumsmsTdlimunsaunuiegiivnans) Teowddldaisazans acidified
acetone luvasauiiivung 50 Ja88n3 Usuns 10 fiafidns uduun homogenized (T25
ultra turrax, Krackeler Scientific, USA) firnm$asay unan 30 Sundl dinansazans acid-
acetone fiwdedn 10 fiadans el Wuluiiiabunar 1 Halus vy us e
ATy 2,200 ¢ unan 10 Wil figuvgdl 10 ssrwadea ndnduannsesday
nIEAENTBs Whatman Lues L-uavasniasinsgendunasil 640 wiluuns wdaduaom
Heme iron (pg/e) Maun1saelUi

Heme iron(ug/g) = OD x std. curve x dilution.x 0.0882
Weight. of smple

ansavang g ildRe Hematin (CosHaFeN,Os) A9 widdy 0-1500 g/l

. 2 vt ]

3.3.5 | azanidsuand Non-heme iron

29U nor-heme fron fidALUAR11A8N15988 Rebolche et al. (2004) Tneth
ﬁ]’JEJEJ‘NLE&'E}ﬂL‘Uﬂ‘IJi”JJ’mJ 50 fiaany lurhndu (1:10 wA) dINUARENaI8 glass - olass duall
homogenizer uumtm tharsazanedaminiild 200 lalasdns sanazneulysiugienisld
asavatomanYes HCL Mmnamdudy IN wag Tricholdacetic. acid: 10% (w/v) U3ums 200
ulnsang annﬁuﬁmﬂﬁmm%’auﬁammﬁ 95 mmwm%‘aﬁ Junar1 Falk wé’amﬂﬁfmﬂmﬁw
1wamumaamamwﬂu Wuaa 2 Wi LLa’Jmmwummawmﬂmﬂﬁau 10,000 ¢ wamwﬂu 20
o NYAGYa Aluian 10wt dduvesaaladilduiiuans 60 llasans wntudy
ansazaIeNERYed chromogen ' solution fiasnaudiy ferfozine 0.508 mM, sodium acetate
1.5 M uaz thioglyceloic acid 0.1% (W/v) V3uns 60 lilasaas wdteanduiluvyluilie
melagungiiva L‘f]‘L!L’Jﬁ’l 30 U uaeRs 9 TRAnsganAUNas 562 urluwns  Tagld
AsavanuuInTgIu (Fe3+) MsAImLINTY 0-60 pe/ul u,as‘hfmsaumywaumnnauﬁ?a
sodium acetate 1.5 M uag-thioslycolic acid 0.1% (vA)dusUtiu sample blank solution

3.3.6 AATeizuuuulUsiu (protein pattern) daumeaila SDS-PAGE

nsueniusiuluidentn Taense LLﬁlﬂﬁ’]ﬁ’lﬁJﬂ’J"lﬂJLLWﬂWN‘BEN&JTﬂIMLﬂﬂaﬂ'wmﬂuﬂa
LanImIW‘i?jﬁ (SDS-PAGE) m338n15989 Laemmli (1970) mmamqiﬂﬁmumamﬂﬂ  Jufifv
Snunitusng 9 wwanfuansazats SDS iy 5% ‘lﬂmwammu 95 aemaadod \Ju
nm 10 uit uFnhlumgumisefinrundaseu 5,000 g Wunan 10 wd mnuummulaﬁlﬁlﬂm
LLwawamwnu -20 aqmwawemunsummm'nLﬂﬂvwﬁﬂwuwa5 Lowry (Lowry et al. 1951)
nauu’mﬂwaﬂama 15 pg/gel LLUUELU’JFIW]’JEJLF]?EN Electrophoresis (AE-6530 mPEG, ATTO,
Japan.) Ingldmnuidnduressansmdanluddwiunisuen (runmng gel) Aeadudu 15% uag
Anmdidurawsadmiunsvililusaududy (stacking gel) fimanandudu 4% ndsanuenlys
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o v 9 Py v . g - I
fulaSauarineanleudoudnie coomassie brilliant blue R-250 NUTsnRUMBEITAYAIUNEN
YRIUBNUDE 45% WASNIADSTRN 10% winalitnuAuAIuLAIad Incubator shaker (Daiki Model
KBLee 1001,Bio-Active, USA.) LasaN@daumenIvinazaanalian uoa 30% wasninosann
10%

3.3.7 U‘%mml,ﬂ?}’aqauﬁéﬁvﬁmuﬂ (Total plate count)

yhmsaseinmstudiounsgiuriduesdasmidendndiu Tneduhagradendas
25 ndu ldluansavaeindelufounaslsd 0.85% Uiuns 225 fiaddns udniwiedtuiidae
1384 stomacher {uaa 60 Funft ndsmiuthandensi ¢ ssdu TasUasetnaFunms 1
fndans ldluansaemeindoludennaslsd 0.85% Mwdoaliuiums 9 faddns Wensns
Ainsresiimungay uaviaindh Jeiesianuientfeaaeilazduiia (tenfold dilution)
niwntuthisgasmaienliluiraysesuaninionsdanu 0.1 faddns vealdluameims
dosdeiuuadn 4 dy (rawil 11) ulagseiummuiensasvmsvassuuus s PCA Sy
2 nuiiadaidaieisre wiinudeivuion udwinthinioue mislududigamalt 37
semga@ya 1unan 24-48 e lemsdamuuaitGenguia sy laAvigumgiviunane
(Mesophile) _Sadaansnsdavauuaiidenguiiaalfafiaumasige (Themophile) Wiy
ownslutuiigomgil 55 sswaidod (uvan 3 T uaziiesnisnnavuusiiSendguiiedy
I¢ignmadisin. (Psychrophile) Whinaugmsuaflenmall 7 seenwwai@ea 1lunan 10 Ju
s ntusuinnlalativonaunidimalnoidonivawdilalaiszvine 30300 Telad
eeunaiusauau colony-forming unit. (cfu). e 1 dadans wse 1 nfu (Downes and  Ito.
2001)

3,3.8 HINISNAFUNITUS L ANAN SUE N SEaM TN ALVUNTTUUITIUIUIN
(Quantitative Descriptive Analysis; QDA)

TneltimaaouildFunasiingy (trained ~ panet) S1ui ™ 12/t Juduanaisd uae
undnwiarvirunalulagnisndndaniuasUszen ausivaluladnnsinens anrtumaluladnge
seundudgammsainnsls Tneussiliunndnvae Gttributes)” vawdnfnsiud ndusa
sawA (An) wastilodudd (mmBavgu-udiUne) (Stone:1992)

339  minaswidoyaneadia
nsAnuluadei] nmaaedlaslfununismaassumunisvaassuuuguluuden
auysnl (Randomized Complete Block Design ; RCBD) Tngviinsvaaes 3 ads ﬁﬂ‘ﬁagaﬁlﬁ’fmﬂ
NSNPRDIUIATIEINIAIMLUTUTIU 2 9198 (Two-way analysis of Variance, ANOVA) i
Wisuifieudvdnavesnsld/Lildarslelnsonased wazssasnanfifiuinudenunimyaaden
Wnsiumelusunsunsuiumedduiagy (SPSS for windows version 11.5: SPSS Inc.) (Steel and
Torrie. 1980)
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o
U 4
NANTTNAADILAZIANTOING

4.1 mefnwmavasnszuaunswlsslidenilafilugmuteuiileaiinauiunsidlalasaae
aa#s (hydrocolloids)
4.1.1 dnwuziedudalasiy (TPA) vowmdnsusiidondadulugmuieuleainirutunnsly
lolnsnaeaass |

Mnmssuileuinuugmeiuieduiavemandnidan dndulugmuieulinatings
n1snaassmuAY (Controlfunanindaamydlugemuieulaaiindveruming(@etagro) &
wanslunnit 4.1 wudwdndasfieadasulugmifoullnainyanismaasniuny e
nsvUILNsRLTigomgi 80 Bemusaifeaidusspzinat 1 Falie aslidnunsniadnuiloduda
unnAsiusLiitedfgynadh-(p<0.05) ﬁuwémﬁmﬁtﬁaw;ﬁﬂuqmu%’auﬂmaﬁwﬁﬁaLumﬂn
yaimeuTiv dnfe Saie FelianadgenisfiasUsulgndndnidondadulugamdoullnadvils
fanensmeiuieduialaddesiunandosideanydilugmuoulaatingvewming Inelu
anvnsioduiamesuantiudyninid 1A IwER uriEem e lugimuieulaainganis
vpavsmnUaniide suiainindndnstide avifilug wue ullaadwddotuniinsotnad
dedrAnnvaia (p<0.05) uamuwnﬁnw’lﬁuﬁwﬁuamuﬁu%’u 0.8'uar 1.0% wasmisduuu
wenlaradiufusnsdag 60:40 VisedUA It 10% Lagdnsndiu 50:50 Aisedunudud
0.5 uaz 1.0% annsadisliulsdmaniwewdninsidaaindulupwmuieulaaiinlaogiedl
HednAnn9aia (p<0.05) - widwmsumisldiaanfinazdealvrmauidsanasesndldsdfyns
A (p<0.05)

defimsandnungiloduianahunisimesassiudiianslun it 6.18 mudondnsdosi
denafiilugivuioulinaivyansnaaesruaniiiinisinigsiudiuininadn fusidenmy
sulugenuFortaaimdvaiuming (p<0.05) Tnonsldisaimusissiuanuduty 1.0% uasiui
TEAUAMLINGN,0.2%  ausad e UsuusaTAvisIRa 19813 Temdndaridandadulugs
muSaulinadinyansvnassmunulviieindifssiundndusidasmysilugimuieulinatindew
minstasgedvdedrdgynieadd (9£0.05) , winastdatssduvuranladaduiuldaunsadoe
viudgsinainesadnulurfisdusifonilasstugimusoulinainganismaassniuauls
(p<0.05)

dmiudnuailoduiametunuiondrosnsiuandunmi 4.1 wuiwanfusiden
Hedslugenuienlinaiinganisnrassnmunuiiianuiiendegiiniondndusideaydily
gomideulinaivnivelunilng (p<0.05) nslifuilsvduarandudu 0.8 uay 1.0% wazain
Juuunailadaduiudnmdiu 60:40 fssdumnudiudy 1.0%  9xldifnininmesusafuganda
windnendenlasulugamuioulaaiinyanseassmunuetiitud Ayt (p<0.05) uas
uenanilnslilemauiissdtuaudaudu 08 uas 1.0% Srmsinenumiuiniuiudndos
doniasiulugemuieulinaiinganisaassriugu (p<0.05)

Tudnunsidfoduiansiuarulavgu (vmd 4.10) wuhrdndueideniadulugmuiou
Unalinganrameaasmunuiliramdanguliunndaiuiundnfasiifosnysfulugmufouln
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as

a oy & w o wooa w - v
ﬁumﬁlﬂ@LU‘ﬂ']‘Iﬂi (p<0.05) uaﬂ%'mun'ﬁl‘ﬁﬂ']{ﬁ"ﬁ]LLuUNaNIﬁﬂﬁ‘UuﬂﬁJ, WAIAY WasUNNTEAU

v v 1 ' ' o ' 2 ¢ o o ot e | qd o
audntulidanananinmdavdueniy arisiuuunaslafaiududnediu 50:50 Aseu

arandudiu 0.5% wazjufisesuarundudy 1.0% dealiraudanguinioniniudidonmy
ilugufoulnatindverminsedraifvdfymeada (0<0.05)
Wiidnunsiodufmmaunsflifaandunmi 4,18 wuiwindusidendadulugs
nufoudaainyanmsvaaasmunuiidininieldiniwdadusideanyiulugmuioulaain
drowunlnsegneiifod Ryn1eadd (p<0.05) n’lﬂﬂﬁi'uﬁizﬁ’wmwﬁ'mﬁu 0.8 uag 1.0% fuans
iuuunanladatufudnmdiu 5050 uag 60:40 Asyduanududu 0.5 waz1.0% mudiy
annsngieuiulsEmsAsldenaiifoddgnieedf (p<0.05) wazuenaniinisléianifuse
Lidwasiermaierldlundnsusidondafilugmuioutingin (p<0.05)

5.00
b
4.00 -I:~ . . -
Z
< 300
3
g 2.00
g
/4 k
1 M 1
i
0.00 {
Control Betagro 0.2% 0.5% 0.8% 1.0% 0.8% 1.0% 0.5% 1.0%6 0.5% 1.0%
B, - s X = 71 (50:50) (50:50) (60:40) (60:40)
(Agar) (Getatin) (Carrageenan+LBG)
.80 -
H
1 0
S 060 e 5 g o
£ ¢ T
= od cde 5d ‘.I:
= - i
o T el g
w P, t , .
g 040 £ =1 Q00
B e =
E 2 I T
3 o i
9 020 i % ] i T
e 9% ¢4
@)} o0 il 24 QN :
Control ‘Belagio  0.2%  0.5% . 08% - ‘10%  08%  L0%  05% 10%  05%  10%
"= — ~ ~ 7 (50:50) (50:50) (60:40) (60:40)
» g
(Ager) {Gelatin) {Camrageenan+LBG)
300 - o
i a
250 T S
= 2,00
£ 150 b
g bic
& 100 ¢
de de de de s{«*
L +—h 7
ply s
(C) 0.0 N pel

Control  Betagro 0.2% 0.5% 0.3% 1.0% 0.8% 1.0% 0.5% 1.0% 0.5% 1.0%

SR —~ N (50:50) (50:50) (60:40) (60:40)
{(Agar) (Gelatin) e

(Carrageenan+L.BG)

&
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i
055 o
ab & -I-
0.50 T e ab Lt
= FL— I o
E 085 i
B
& 080 A
& A
—— =
() o0 4 _ I . i
Control Betagro  0.2%  05%  0.8%  10%  08% 10% 05% 1.0%  05%  L0%
~ — <\ ~——— (50:50) (50:50) (60:40) (60:40)
(Agar) (Gelatin) (Carragec;:;+LBGJ
2.50 I_
200
% 1.50 I‘:_.__ Bl W i
E | :
B e e
g 100 em
o o d
/ .
0.50 /[T d— g "1:" d
o i P i
Sl ) [as 2 N i
E) aqa0 Ll il e B o e £
Control . Betapro ~  0.2%% 0,5% 0.8% 1.0% 0.8% 1.0% 0.5% 1.0% 0.5% [.0%
~ il — \1 ¥ ey 7 (50:50) (50:50) (60:40) (60:40)
. e el
(Agar) (Gelatin} {CarrageenanH.BG)

awit 4.1 dnyaiziledudalaosin (TPA) vesrdndniFeniladilugamudouiingrusunsly
lelnsranaoss
*ngueURa (controbfie\iensuiililsnaulalasaaoanes
e (gelatin) Asedunnadidnl 0.2,0.5% lifiaaa
wakauin (sellan sum) Aszivarnndadu 0.2,0.5, 0.8,1:0% lsiidhiuBonitesniin
waneuivsnanUEen

nanlasagludviwdndnmidendasulugmmdoutinainganmmeassmunuiidnuneie
dudalaasiuymeiunuuds, mumilsandieens, msimesiusafy wagnisidealdsnda
nandusdidosmysulugmuieutinatingveiunlng (p<0.05) uiflenaudaveuliunnaneiu
seelltidAmeatia (p<0.05) e’hmumﬂ‘ﬂaimﬂaaaaaﬂwmﬂmﬂmuwi“mummwmu 0.8
way 1.0% (Al 4.24) a'lmiﬂmEJU‘iUUiqmamﬂmmLaamLﬂmmu’lumwmauﬂmauwléﬂﬂammm
Uwﬂiqﬂ'man‘umumaamawwmumﬂmwa nsinesndaiu uaznsrealalvisnvunie
SudalndlAseafiundndnsifeavyfulugmudeuling qa%mwﬂinqmﬂ‘waﬂ.,mei'l‘mumuﬂu
ALY 1.0% nauwmﬂanwmummwavﬂ,ﬂmanwmuwumamnaummﬂumumvmmmmu
0.8 % sfauanslunindl 4.3 m'a"l,’zsﬂ'ri‘iﬂ'«aLLuuwamiaﬂauuﬂmmwmu 60:40 FszRuAUTy
1.0%(n Wil 28) mminmaﬂiuﬂqqanwmsLuaamawwmummum, N9LNIE TN wagan
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msLﬁm‘lrﬁ’ﬁﬁuﬁuucﬁiLaaﬁlﬁﬁé’numﬂﬁL‘z‘hﬁ’uﬁ’uLﬁaﬂLﬁam‘%’auLﬁauﬁ’umslsz'f’;:uﬁ\mam'lumwﬁ
4.3 wazmisldieanfuiissfumnududu 10% (mwil 4.20) aunsauiuugsdnunsidofuals
Yositgnislusuanuuds, maumisiadissuasnisdeals waztieusuugtudumame
swdaiuldiundadoeideadadulugamuioulnaiinld

hardness ()

£y~ Control

—&— Belagre

_____ e AEAL 0.2%

—o— agar 0.5%

..... - apar 0,8%
() N 7,
Springiness (ratio) “Guminess (1) —e~= agar 1%
hardness ()
4005, ~m-ie== Control
B
; —&—— Belagro
L 4 p “
Chewiness (N} { Y1 b .~ ‘Z.\ Cohesivaness {ratio)
LT, il 7
NN 7 / —&— 0.5%(50:50)k0.15%
\ o f 4
\.- -1‘ ;’_f :,:'
Y O A\
v N / S —de 19%(50:50) k0, 15%
4 7
®) \\‘ \,_,_,,____,__ ."’l
Sk /
|5) \ , —8— 0.5%(60:40) k0. 15%
Springiness {rati o)v Guminess () 60:40 °
e 1%(60:40) k0. 5%
hardngss (1)
4.»09/ \ = b
#” ~==£r-=- Control
y ., k- \I\‘\ s r
Chewiness () e =2 EANL N >y Cohestveness (ratio) —e— Betagro
e S AT
v W ,_.r?? i .’{
\ | i gelatin 0.8%
Lo _-"f —¢— gelatin 1%
Vo ifoF
() § A )
L A “-}I
Springiness (ratio) Guminess (I¥)

nwi 4.2 dnvneidodudalnesay (TPAwasdndFombadulugimuioullnainsautunisld
lolasmoannesn
*nguruAy (controlfe Berduiibiidnalslnsrasases
Wwadu (gelatin) Aiseduanududi 0.2, 0.5% lifnwa
wanaudy (gellan qum) Aiseduemududy 0.2, 0.5, 0.8, 1.0% liihiudenien
Aamanoufiasnauiuiudon
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Control

AgaQ.5% Agar0.8% Agarl 0%

e !

Carr + LBG 0.5% Carr + LBG 1% Carr + LBG 0.5% Carr + LBG 1%

{50:50) (50:50) (60:40) {60:40)

Gelatin0.2% Gelatin0.5% Gelatin 0.8% Gelatin 1.0%

o ar Ny, T & v v - a LY ¢
21w 4.3 dnvaigdsinguesdaadifeataiuluginusenlnaininiunisidlslnsroaasyd
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4.1.2 Arnsaluntsduti (WHC) vewansusiden dadulugmudouaaindauiunig
lelnsnanasen

nnsisuifieuanuannsalumsduiih (WHC) vewmdninsidendadulugmudeutn
ALVYANITVAABIAIUAN n-uwamnmenLaawumu‘tumwuiauﬂﬂauwawamwﬂnsmLtam'f,umww
4.6 wuihimnonhilladuseninanteuden 0 free exudate) Tungurdiniusidendaduyn
mimaaqmmuummnrmwammusnLaawumu’tumwusauﬂmaumwaLuminsamauuaﬁnﬂm
yeidiA (p<0.05) Failuanehwdasasideayiilugmuieulinaindvewuminsdauanunsaly
msfumiunanimdnsnsiiFemdaduyanismnassmuauuenanimsifaniniumailada
Tufmnseduanududuannsathieviuugmmmuannislunmsduihveswinsusideadas
lugemidaulinaiinldiilesnniviinanifiluadueeninanndouidensitan (p<0.05) dwmsums
Haanfufennududu 0.8 uae1.0% FunsIUTIYRRIAmaunsalunsduhifsesaan s
aslffulilannsaviutzeianuannsatunsdnblfidemniviuonhilnaduesninann
foudomnniignatheivoddyynaadn (9<0.05)

$0.00
75.00 —:T:-—-
60.00 = j‘
45.00 l—

30.00
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15.00 il

Control. - Betagro 0.2% - 0.5% 0.8% 10% 0.8% 1,0% 0.5% 1.0% 0.5% 1.0%

0.00

~ —_— P ~ 4 90:50) (50:50) (60:40) (60:40)
(Agar) (Gelatin) (Camge:r?a’nH,BG}

nnil 4.4 Uiinaihiflvaduesnuiannfontdon (% free extdative) J8sudndoiidondaduly
pouseulnaiiniauiunisldlalasaoasesd
*nuAuAy, (controlde \dsnduihildnavlslasraeasts
wafiu (gelatin) Aissdiumantiudu 0.2, 05% TiiAnwa
wauauil (gellan gum)Asziumiditu-02.0.5:08, 1.0% lihudendlawniia
waneuflvesausuiiden

4.1.3 gunwmeiuivewdndusidendafulugmudoulaainsuiunsldisinsreanoyd

vinmsiisuiiiougunmmsiudvesmandushideaidafuilugmuieulaainganis
naamvAl fusdndusiidenmyiulugmuioulsaindvoivminsduandunmd 4.5 wud
winfamidienlasiulugmuieulaady ryansvmasmuRNiiadunnasiuedtslivedidyng
aﬁﬁ (p<0.05) nuwasmmsmLaamwmmu‘lumwuiauﬂmauwwaLuwﬂlﬂs wildlneanyIeuiev
finfs 1 fanudesmslindadusifondafulugmuieulinainildsmiulalninoaaonds

ma‘l,ﬂaLﬂmﬂuamuwamamnmfﬂmamnmmLaamLﬁﬂmu’iuqawusauﬂmaumﬂmwmaaamur’gu
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& v ] < s o fa v ¥ oa o
sfiRuAwAIANEIN (L value) (nndl 4.58) wudmdadusidondasiulugemuieutnaty
antsnaraImIvAuiAANEINlineniiuwp<0.05)  Nundndusideanydulugmuiouls
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a o & vy o o [T a [y)
dung ﬂL‘UVﬂIﬂi uaﬂﬁ]'lﬂUﬂﬂil"U?‘UVﬁ%ﬂUﬂ'ﬂNWN’UU 0.2, 0.5 wag 0.8%uazlIarnunszauaIg

L2

- ' o | | " Vo o 0w ¢ a v da w

Wty 0.8% Suananisulasuntasmainuainitesniudasuiuldasrinuunanlafaiunue
AvedAyveadf (p<0.05)

& Iy o o % of ] = w € I 27 N

dmiuamunimneduduns @ value) (wdl 458 muTwdnseidomUanilugmuieu
Unafinganivaassruauiiddunsiniilusdndueiidosvydulugmuioulnaindvowuniln

1 = gl Q0 a s é’ 1 [¥) h 23 3 Y 4:1 s
FRUNUUAINYNNEDS (p<0.05)uaﬂmnumﬂ‘if’qunﬂssﬂummwmu LAYLIARUNTLAURINY
v v <4 1 AJ 1 T L 24 1 :J = o 2 3 =
Wuty 0.8 way 0.1%  fnasianisildsunlatannituainetiasnindefieuiunis a1 s
waulafaduiueg 19 iitedAyneaii (p<0.05)
& Vv oot al I e o foa & v -

UDNINUAMN WV NNIUALNGS (b* value)(nwn 4.5C) ‘wmwamnm%aamLﬂrﬂmu’luqawu
v - =1 = 1 =t = s ' =, [¥] € =4 v 1 24 oy = AJV
'iauﬂmquﬂnﬁmaaqmw}mumaL*Aaaamn'a'ﬂumamnmmLaam%mmiquusauﬂmauwwm‘u

) = as Q ar =) v e s = v - -d u

wﬂmamwuamﬂmmaamm (p<0.05) m‘s’hrgwgﬂ'szmurﬁmwuu‘uu LaglAaIeunI¥aAuAIY
v il o e ’ 2 ] w et e o
Wugu 1.0% hidsemasuuladanaingss (p<0.05)a'mn'1‘31°umsm%'Lz,uumauiaﬂauunuﬂnizﬂu

v Vv a o [ - [y a o & w o a o | e w "
mwwmuuwamaEmLLﬂaamﬁmam’[wnuwamnmﬁtaamﬁmmuluqmmauﬂmawamauuaﬁ'\ﬂzy
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35.00
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4.2 miAnweeAlIznoun1all uazaAmIslaruINg
4.2.1 safusznaunnaiiidasdu(Proximate composition) WAZAINEILYBINERIUTIFON

\adulugemuioulinaiinsautunsldlalnsnaased

vnmnesedit 1 IWimsAndensdnsuridenidndilugimuieulaainiutumsldlalag
ﬂaaaaam’TﬂaLﬁaﬂW’u’uﬁmwvﬁuﬁu 0.8% wlFdwmsummeansdl 2 lunsfnwiesdussnaums
wdliGoasy LLauﬂmmma‘lnwmmwmwamnmwaamﬂﬂmu‘lummmaumawmamnmﬂLﬂﬂ"‘w
ssilsznauvmaniibesiy u.avﬂmmmalfﬂ‘ummwaamamnmwaamﬂmmu’lumwusauﬂﬂauwm
msnaassmuandandduniedl 41 wuhiwefdudeesd, Tusiy, let wasiduviaty
94.19%, 5.45%, 0.07% was 0.51% muansy Wetwiussuifisuiussdusenaumaniiveg
winsamdeadadulugmueulaainsaufunisidlelasnasased wuirfiwesifusvenin,
Tusiy, vt wagiduyinfu_92:53%;5:48%, 0.00% ka%1.08% mudifu Fsuiuliinhans
ngun meaeiiUesifuiuetlusiu uastutfuliinaneiu (p<0.05) L?ﬁ’]ﬂ*’iumamﬂmmaamﬂmmu
Tugwfeulaainiseivnnudududoni 40% iy walliesduiuesh wasiduandnady
(p<0.05) LummmmamnmmLaacﬂLﬁmmu‘Lumwuﬁawmaumawm mmumummawm’mmsau
dlddinin Iﬂa-ﬁiuLanamawua“wmhmﬂuimmmimana (Thomus, 1992) ¥lsfinfiammi
?JawamnmfnmﬂL1Jmmw‘lumﬂusauﬂs\aumawumsmmuumaanmuaanmﬂawlulmmu of
uLUa'mmwumm‘lunauLaammm']amquuaammmqazm (p<0.05) laf1 s ma U e
mamamnmmﬁamﬂmmﬂuqaﬂuiauﬂmuwzgﬂmsmammuan (22.46 keal/100 @) waguansaum
deadnrulugmuiouleainsaudunisidlelnsraoasen (22.28 keal7100. o) | wuindarly
wanANNUadtgdIANNats (p<0.05)

= s ot - ot i a A W €
5197 4.1 BdnUsvnauvNadl (Proximate composition) WazAndsnudaindndnsiidendn
siliganuieutnailvnganisnaasiaue tasgnialtsauiunstolasnoaased

NATINATSTINATILI

Parameter

weaadigasmivay \deaadunaniu 0.8%
Moisture (%) 94.194 0:01° 92.53 + 0.04°
Protein (%) 5.45% 0.29° 5.48 + 0.05°
Fat (%) 0.07.+002° 0.04 + 0.02°
Ash (%) 0.51+0.00" 1.08 + 0.01°
Energy value (kcal/100 g) 2246 + 1.22° 22.28 + 0.30°
- Calories from Protein (kcal/100 g) 21.80 + 1.14° 21.92 +0.21°
- Calories from Fat (kcal/100 g) 0.66 + 0.19 0.36 + 0.16°
- Calories from Protein (%) 97.07 + 0.80° 98.93 + 0.85°
- Calories from Fat (%) 2.93 + 0.80° 1.16 + 1.40°

* Mean + SD
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0.00 1 ;
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A 4.6 Usinudilaseuvesnindadideadandlugmuioulina Bvyanisnanesniunu uaz
gasidautulslnsnonanyd

4.2.3 VisnmusuBiilesautowntasidsniafilugmusndinainlugasildsuiunis
lalasrennayn
MM TseuisuySinaueusaleseuvesrdniueeatladulugamuioulnaiinnud
wanfnsidendafilugauioulioativyamsnaassmunuuaskininsidea Undulugomuion
YnainildsudulslnsnasasniawsusulessubiunaniniuodalitedIAyni9atf (p<0.05)
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43 msAnwegmsiuinwvesdonidafuussqlugmuieoulngdn
4.3.1 dnwaziladudalagsam (TPA)
=} et v A a o o v ¥ . a 1w
nmsvaaed 2 Iasinsdmbenndndnsidealasiulugmuieutinainimivnsidlelns
] vy o o Voo | @t a  a £ oy = 2
eaanenlagwuinsidufissiuanududu 0.8% ausndreuiulgminduddenUadiulugs
= = Ve as A wow W = e & L o = o v
nuSoulaainlilidnvas iodudalndidvsiundndusidoanyiulugmuioulinaindviaium
o : - | Y [T a o p o YY)
Tnsuandtga uinasléuiissduanududu 0.8%lundnfusideatndulugimuieulaadind
wuindnunsiledudalnesuduruuddiah uasUinanhilvadussninanfiowdeniidnge
3 = o 2’ 3/ =y a o < =1 L | 5]
niwdnsusiidesvyiilugmuioulinaivireiunlng ddunsfinwengnisiiuinuiigumgil 4
=l o Qs é’ a4 ar g G‘l
psmwaldus szoznanl  Weu anavhindnuvasiledudaloesandruanuudediaeiiag ung
Unanihilvaduesnunsnfeudeniisgaiiuvinniu saiudsdinsuiussduaruidutuvenion
P 1 < o o o ] ; a
Waduwsnzillssnnmsifiussiupadndursndaayibilysiuiauawsalunisiaags
= vel < o & = ar v v o &
waviiwanldfinnuudusunity (Ferry, 1948) uanANUNTRNIBITLAUANNLVNYULEBALUUNTT
& e a Al e ’ = s v 5 oa =
dinUsunalusiuludendesztislifluanalysiufiemaraansalunisguuiniiuniniy (Zayas,
1997)laeiin1aU3tssAvarsidiutudonifuu 40 uay 60% naujulissauaiandudy 0.8%
o - g2 ar = & QF = W &
weldlumsfinwaanasiivinwsesdemladuussilugemuiaulaatin | Ingludnwmeiile
osoas a P + P s = o o4 - - L
dudanisiunuuiwsanduning 4.8 nudandaniusidemdanilugauioulaainssdu
L4 1 ) “; ﬂll L = G: A !
audutudon 40% visluganisvaassiiliifuuasinuunseaua ity 0.8% sviveny
o W [ =5 el 8 - ] = w &4 - e 1
asfiuinuaiuszesiaan 1 e fdiaudanasednilliodrdguieada (p<0.05)  dwu
ot - u - ﬂdl ar o g lﬂl [
wandusiidendadulugmussulinainissaunuididuiaan 60% nsluganisunaosiliiia
e C‘ -2 144 " 4
wauiinunseiuamududy 0.8%  a¥lidemasarmnuuds (p<0.05)
dmsudnvazilieduianteiunisiniesindaiu (amit 4.88) wudndndnsidondaduly
il B o o Voo e a v o v op ' o
pevuioulnatingsaumuinduiben 40% MaNjusEavaTNYY 0.8%  S3MiNargntsiiv
$nwnlussesiian ¢ @y JanisinigsanmAuanasegsiidadadynisadf (p<0.05uazlu
a w - a a = 1 iy 1 o e
winfaindeniiafulugimusauleainluganisvaneddu q aglidwanodinisnizsiudiiu
(p<0.05)
$ Ao & @ =t v < el e
NN wug e MITEN AN MIMNEIAGIBEN (AN 4.8C) WuTmwAnAnTIdonl sy
L2 ] =) s = q‘ = L L = o L=
pauieulnativssdupintuiden 40% AuussiupIndudy 0:8% uaenaniudiden
\adulugenuioulnainsyaursndaududon 60% seninsenensiiuinunlussesiaan 1
wiou fiemnumilerrdros Wanatediifddgmaeaif (p<0.05)dundndnsidenlndiluge
b - & L} 1 1
vuTeulnatinluganimveassdu q whidsaremamumilaindiesns (p<0.05)
Tudnwasiliofudamasinuanudaveu (nwil 4.80) wulwdniusidendemilugmudey
Unaiinsyiuanududuiden 60% vdluganisvnaesiliduuaziduiuiissdfuanududu 0.8%
) £ o = 1 a A 1 v g W aa
ssninegmaivinwilussezioan ey sslidmudanduiinlusdredifoddummsada
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M 1o a =Y, Y 10 P il i '
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a?v v a‘(‘ ar & 3 c’t’ < 1 = & =4 o
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14 = o o o v & M 1 a
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sefuadudy 0.8% sevivengnisfuinunluszezinan 1 ifou aglidwmasdarininaelld
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4.3.2 avwannsalunisduit (WHO)
mnmsSsuiiisumnuaiusavesmsginivoagnisifuinuessdenidasuusiglugmy
oulloaivdanandlunnit 4.9 wuiwimnanhdlnaTusanunandouden (% free exudate)
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Abstract

Hematologica), chemical and functional characteristics of porcine, chicken and duck blood
were cvaluated. A porcine blood sample showed the most abundant red blood cell, hemoglo-
bin concentration, packed cz!l volune and plasma protein content as well as its freeze-dried
blood possessedthe highest contents of protein, fat, Cu and Cr with the highest percentage of
heme iron (p<0.05). Unlike porcine blood, chicken blood showed a well balance in some
essential amino. asids, specifically for a higher isoleucing content (p<0.03). Furthermore, it
possessed the highest contents of carbohydrate, Zn and non-heme iron (p<0.05). The most
rapid response to form a strong gel, especially at 70°C and 80°C, was found in chicken bloed,
followed by duck and porcine blood, respectively, The result of emulsion activity index (EAT)
and eroulsion stability index (ESI) at the low protein concentration indicated that chicken
blood had the most superior emulsion properties (7<0.05). Regarding duck bleod, it exhibited
the highest content of Mg and Mn (£<0.05). Morover; dusk blood had similar foaming prop-
erties to poreins blood in which they showed higher values thanchicken blood (7<0.05). Spe-
cific characteristics of blood were therefore diminished by animal species in which this
information could be used as food supplementation or product development based on their
potential applications.

Keywerds  blood, animal by-product, chemical composition, heme iron, functional property

Introduction

Animal blood was considered as the first by-product obtained during the slaugh-
tering process. Blood is composed of blood cells (20-40%. of total blood volume,
iostly red cells with smaller amounts of white cells and platelets) and suspended
in liquid plasma (60-80%) (Leoci, 2014; Tarté, 2011). It composes of 17-18% pro-
tein and 75-82% moisture, where hemoglobin, a protein found in red blood cells,
makes vp approximately 70% of total bleod proteiris (Leoci, 2014). In plasma frac-
tion, the majer proteins are zlburin, globulins (04-, 05~ - and y-globulins) and fib-
rinogen, representing approximately 6%, 40.2% and 0.6%, respectively (Tarté,
2011). Blood is a good source of nutrients, especially for the high content of essen-
tial amino zcids, and the high bioavailability of iron namely heme iron, and it is
considered as mon-allergenic protein when compared to dairy and soy proteins
(Leoci, 2014). However blood proteins are deficient in some essential amino acids,
methionine and iseleticine (Ockerman and Hansen, 2000), and their levels in the
blood can vary depending on age and animal species (Gorbatov, 1988).

Due to dark color and unpalatability of whole blood, its application as food

©THs is an open access aride distibuted under the tems of the Creative Gommons Adiribution Non-Gome
meroal License (hipforeativecormens, oyicences/by-ne/3.0) which permits unrestricted nen-commenia use,
distribution, and reproduction In any medium, provided the odginal work Is propesly dted.
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ingredients is limited. There were extensively researches
and reviews regarding the use of fractionated blood in
food application based on their functional forms (Beh ez
al,, 2013; Leoci, 2014; Ofori and Hsieh, 2013; Tarté, 2011).
They summarized that the primary utilization of blood in
food products, such as gelling agent, binder, emulsifier,
stabilizer, fat replacer and protease inhibitors, are obtained
by plasma protein and its components. On the contrary,
spray-dried red blood cell and hemoglobin have been
used for iron fortification and color enhancement.

Although several countries, especially in Europe and
Asia, have extensively utilized whole blood as & source of
protein and have been commercially available in such pro-
ducts as blood sausage, blood pudding, blood cake and
blood curd or blood tofu (Liu, 2002), the information of
nutritive value and functional properties of whole blood
have been explored to a lesser extent. Espeeially for com-
parative data among blood from different enimal species,
there is the only report from Marquez ez af. (2005), who
reported the differences in protein and isoleucine, lysine
and methionine contents of bovine, porcine and poultry
blood. To better utilizztion of whole blood, the objective
of this investigation was to compare the hematological
and chemical compositions as well as functional proper-
ties of the animal blood obtained from pig, chicken and
duck.

Material and Methods

Animal bloed sampling and preparation

Porcine, chicken and duck blood samples (bleeding fiom
Three-way cross-bred pigs from Duroc X (Landrace X
Large white) at 6 mon of age, Arber Acer broilers at 42 d,
Cherry vailey crossbred ducks at 47 d, respectively) were
collected in three batches at different days in the bleeding
line of industrial slaughterhouses. Immediately, porcine
blood was placed into an EDTA collection tube, and avian
blood samples were placed into 2 lithium heparin collec-
tion tube for hematological evaluation. To prevent coagu-
lation of blood for determination of chemical compositions
and functional properties, animal bleod samples were
mixed with ti-sodium citrate solution (10%, w/v) at a
ratio of 1:9 (v/v) to obtain the final concentration of 1%
(w/v). All samples were kept in polystyrene box contain-
ing ice and transported to the Department of Animal Pro-
duction Technology and Figheries, Faculty of Agricultural
Technology, King Mengkut's Institute of Technology Lad-
krabang within 3 h for further analysis. Blood samples for
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chemical and functional analyses were then freezz-dried
in a FD4 Floral Freeze Dryer (Epsilon Co. Ltd., Thaitand).
Freeze-dried blood samples from the three batches per
species were stored at -20°C wntil analysis.

Deletmindlon of hematologlcal parameters

Hematological of porcine blood

Valuss of red blood cell (RBC), packed cell volume +
mean corpuscular hemoglobin (MCH), and mean corpus-
culzr hemoglobin concentration (MCHC) were performed
using a semi-automate analysis, Mindray BC-5300 wet
(viindray Medical Intemational Co., Ltd, China).

Hematologleal of avian blood

REC couni

The total RBC concentration of avian blood was deter-
mined menually with-the improved Neubauer counting
chamber after the blood was diluted 200 times with Natt
and Hemick solution (Natt and Herrick, 1952). The total
number of RBCs was expressed as the number of RECs
(10° cell) per microliter.

pPvC

The PCV was detennined after the blood had been trans-
fared to microcapillary tubes and centrifuged at 12,500 g
for S min. Thereafter, the PCV was read as a percentage
directly from a PCV reading chart (Schalm er al., 1975).

Hb and RBC Indices

“The Hb concentration was determined by the cyanmet-
hemoglobin method (Schaln & af., 1975), and reported as
g/dL. Values of RBC indices including MCV, MCH and
MICHC were calculated from the PCV, Hb concentration,
and RBC count as the following equations (Schalm et @l,,
1975):

PCV(%)x10
RBC count (x10%/pL)

MCV (femtoliter, L) =
Hb(g/dL)x 10
RBC count (%1 UGKpL)

MCHO(g/dL) = R EIXIC C’ff(; ) 2

MCH (pictogram, pg) =

RBC morphology
Poreine, chicken and duck blood smears were stained

229




Korean J. Food Sci. An., Vol. 37, No. 2 (2017)

56

with Wright-Giemsa Stain (Schahn er al, 1975) and was
observed under a light microscope at 100 of magnifica-
tion. The RBC diameter of porcine blood as well as the
RBC width and length of avian blood were measured on
the image files, using UTHSCSA Image Tool® Version
3.00 software (The University of Texas Health Science
Center, USA).

Plasma proteln concentration

Plasma protein concentrations in porcine, chicken and
duck blood were determined by the biuret photometric
method (Sirois, 2015). To separate the plasma fraction,

* collected blood was centrifuged et 2,520 g at 4°C for 15

min according to the procedure of Divila.eral. (2007).
The supernatant was collected, designed for plasma pro-
tein, and then stored at 20°C. Plasma protein concentra-

" tion in thawed sample was determined by the biuret me-
. thod with bovine serum &lbumin as-the standard and exp-
~ ressed value as g/dL.

Determinatlon of chemical compaosillons

Proximate compacsifien

Moisture, protein, fat, carbohydrate and ash confents of
freeze-dried blood sarnple were analyzed according to the
method of AGAC {2012). The values wexe expressed s
% (dcy weight basis).

Mineral composition

Tron (Fe), magnesium (Mg), zinc (Zn), copper (Cu), man-
ganese (M), chromium (Cr); and selenium (Se) contents
of freeze-dried blood were determined by the inductively
coupled plasma optical emission spectrophotometer, ICP-
OES (Optima 8000, Perkin Elmer [nstruments, USA) ac-
cording to the method of AOAC (2012). Sernples (4 g)
were mixed with 4 mL of concentratednitric acid and sha-
ken vigorously for §min. The mixtures were then heated
using a hot plate until digestion was completed. The dige-
sted samples were transferred to a velumetic flask and the
volume was made up to 25 ml with deionized water: The
solution was subjected to ICP-OES znalysis. The wave-
lengths for znalysis of Fe, Mg, Zn, Cu, Mn, Cr and Se were
238.204, 285.213, 206.200, 327.393, 257.610, 267.716 and
196.026 nm, respectively. The concentration of minerzl
was calculated and expressed as mg/kg dry weight.

Heme lton
Heme iron was determined using acidified acetone ext-
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raction according to the method of Hornsey (1956) with &
slight modification, Freeze-dried blood sample (0.5 g) was
weighted into 50 mL centrifuge tubes. To this was added
about half of an acidified acetone solution containing 16
mL of acetone, 3.6 mL of distilled water and 0.4 mL of
concentrated hydrochloric aeid. Each sample was homog-
enized for 15 s with an Ultra Turvax T25 (IKA-Laborte-
chnik, Germany). Then, the remaining acidified acetone
solution (10 mL) was added. The sample was mixed thor-
oughly and kept in the dark for 1 h. The obtained solution
was centrifuged at 2,200 g for 10 min and supematant was
then filtered through Whatman filter paper No.1. The ab-
sorbance was measured at 640 nm against reagent blank.
Hematin was used as standard (0-50 mg/mL). The hema-
tin concentration in the sample was calculated from the
standard curve, Then the iron content in hematin was <al-
culated with the factor of 0.0882 mg iron/mg hematin
(Budavari, 1989); and the value was reported as mg/g dry
weight.

Noen-heme iron

Non-heme iron content was measured as described by
Rebouche et al. (2004) with minor modification. Freeze-
dried blood sample (25 mg) was homogenized in deion-
ized water (1:10 wiv) using glass-glass Duall homoge-
nizer on slush ice. Two hundred mieroliters of homogene-
tes and protein precipitation solution (1 N HCI and 10%
(vA) trichloroacetic acid) were combined in 1.5 mL micro-
centrifuge tubes, vortex mixed and incubated at 95°C for
60 min end subsequently cooled to room temperature.
After centrifigation at 10,000 g for 10 min 2t room tem-
perature, 250 mE. of supematant aliquots were mixed with
250 ml of chromogen solution (0.508 mM ferrozine, 1.5
M sodium acetate and 0.1% (v/v) thioglycolic acid). Sam-
ple blank consisted of tissue extract supematant and 250
ml of 1.5 M sodium acetate containing 0.1% (v/v) thio-
glycolic acid. After incubation for 30 min at room tem-
perature, absorbance was read at 562 nm in quartz micro-
cuvette using double beam UV-VIS spectrophotometer
(UV-1601, Shimadzu Corporation, Japan). Iron standards
(2-10 mg/mL}) was used to construct a standard curve.
The non-heme iron content was calculated and reported
as mgfg dry weight.

Amino acld composliion

For all amino acids, except for methionine, acid hydro-
lysis was performed in which freeze-dried blood sample
(100 mg) was hydrolyzed with 6 N HCI (§ mL) and placed
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in a heating block 2t 110°C for 22 h. Regarding methi-
cnine, performic acid oxidation followed by acid hydro-
lysis was zpplied according to the method of Bosch er l.
(2006). The internal standard (10 mL of 2.5 mM ct-ami-
nobutyric acid) was added into the cooled hydrolysate,
mixed, and then diluted with deionized water. The diluted
sample was fillered through 045 pm syringe filter. Fil-
trate (10 mL) was mixed with AccQ Fluor derivative buf-
fer (70 ml) and then added with AccQ Fluor derivative
reagent (20 mL) for derivatization &t 55°C for 10 min. The
AccQ-Fluor amino acid derivatives were separated by rev-
erse phase HPLC (Waters Alliance 2695, Waters, USA) at
3541°C and detected by a fluorescence detector (Jaseo FP-
2020, JASCO International Co., Ltd;, Fapan) with excita-
tion wavelength at 250 nm and emission wavelength at
395 nm. Samples (5 pL) were injected into 2 Hypersil
Gold C18 Column (4.6 mm X 150 -mm, 3-um) (Thenno
Scientific, USA). The separation gradient was performed
according to the manufacture's protocol, which sodium
acetate buffer, pH 4.9 as eluent A and 60% =cetonitrile as
eluent B were used.

Determinalion of funclional properies

Solubility

The solubility was tested at different pEls following the
method of Intarasirisawat, ef ¢l (2012). The sample was
dispersed in-distilled water and the pH was edjusted to
different pHs (2.0, 3.0, 4.0, 5.0,6.0, 7.0, 8.0, 5.0, 10.0)
using either 6 N HCl or 6 N NaOH. The volume of the
mixture was adjusted to the desired volume to obtain the
final concentration of 10 mg sample/ml using distitled
water with the comresponding pH. After stiring for 90
min, the mixtures were centrifuged at 1,800 g for 30 min.
Protein coneentretion in the supematant was determined
using the Lowry methed with bovine serura albumin as a
standard. Total protein content in the sample was deter-
mined after solubilization of the sample in 0.5 N NaOFL.
Protein solubility was calculated as follows:

Protein content in supernatant
; " *x 100
Total protein content in sample

Solubility (%)=

Gelation

To determine effects of temperature znd time on gel
quality during thermally induced gelation, the method of
Nowsad et al. (2000) was applied. Prepared blood sam-
ples (100 mg/mL dissolved in distilled water) were placed
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into small nylon bags (50 mm X 150 mm}, heat-sealed and
then heated in a temperature-controlled water bath (Mem-
mert, Germany) at 70, 80 and 90°C for 15, 30, 45, 60, 75
and 90 min, respectively. After the heat treatment, gels
were cooled on ice water. After storage for 24 h, the gels
were cut into 6 cube samples for each heat treatment (20
mm % 20 mm X 20 mm). Texture profile analysis using an
Instron universal testing machine model 1011 (Instron
Engineering Corp., USA) equipped with 2 cylinder plate
alumimum (155 mm diameter) was conducted. Samples
were compressed at room temperature with the Hllowing
testing conditions: crosshead speed was 60 mm/min and
compressed twice to 40% of their original height. The
Bluehill 2 software (Instron Engineering Corp., USA) was
used to collect and process the data, where hardness (N)
and springiness (ratio) were expressed.

Emulsion properiles

The emulsion zctivity index (EAY) and the emulsion sta-
bility index (ESI) were determined according to the me-
thod of Pearce and Kinsella (1978), with slight medifica-
tion. Samples at different concentrations (5, 10 and 20 mg/
mL) were prepared using distilled water. Sample solution
(6 mL) and soybean oil (2 mL) were homogenized (Ultra
Turrax T25, [KA-Labortechnik, Germany) at a speed of
20,000 rpra for 1 min. The emulsions were pipetted out at
0 and 10 min and 100-fold diluted with 0.1% (w/v) SDS.
The mixture was mixed thoroughly for 10 s using 2 vortex
rmixer. The absorbance was measured immediately (A0)
and after 10 min (A10) of emulsification using a spectro-
photometer, and was used to calculate EAT and ESI as
follows:

EAI(mg) = (2%x23034)DF2@C
ESI(min) = 4, X At/(4y—A,0)

where A, A500; 9, path length of cuvette (m); DF, the
dilution factor (100); F, cil velume fraction; C, protgin
concentration in aqueous phass(g/m’) and Az, 10 min. The
control ‘was prepared by mixing distilled water end oil in
the-absence of sample,

Foaming propetiles

Foam expansion (FE) and foam stability (FS) of sample
solutions were performed as described by Nalinznon et
al. (2011) with slight modification. The samples were dis-
solved in distilled water (pH 7.0) to obtain designated pro-
tein concentrations (5, 10 and 20 mg/mL). Twenty millili-
ters of solutions were hamogenized in a 100 mL~cylinder
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at a speed of 13,400 rpm to incorporate the air for 1 min
at room temperature. The samples were allowed to stand
for 0 and 30 min. FE and FS were then calculated using
the following equations:

FE (%)= (Vp/Vo) x 100
FS (%) = (V¥ x 100

where ¥y is total volume after whipping, ¥, is the orig-
inal volume before whipping, and ¥, is total volume after
leaving &t reom temperature for 30 min.

Statistical analysis

Data was subjected to analysis of variance (ANOVA)
and mean comparison was performed by Duncan’s multi-
ple-range test. Pearson’s correlation coefficients were eva-
luated to determine the relationship ameng paremeters.
These statistical analyses were performed by using the Sta-
tistical Package for Social Science (SPSS. for Windows
version 11.5, $PSS Inc., USA).

Results and Discussion

Hematological parameters

There were significant differences in hematological
parameters among animal blood as shown in Table 1.
Porcine blood had a higher number of RBC than chicken
and duck bleod (p<0.05). A higher Hb concentration was
found in poreine and duck blood than in chicken blood
(<0.05). The highest percentage of PCV was observed in
porcine blood, followed by duck and chicken blood, res-
pectively (9<0.05), and this value correlated with Hb eon-
centration (r—0.962, p<0.01) (Table 2). Although MCHC
value was not significant differences among samples (p>
0.05), the highest values of MCH was shown in duck
blood, followed by chicken and porcine blood, respec-
tively (p<0.05). The MCV value indicated that duck blood
had the largest RBC size, while porcine blood had the
Jowest value (9<0.05). All hematologicel parameters in
this repott were compareble within the ranges for porcine
bload, chicken and duck (Weiss and Wardrop, 2010), where

Table 1. Hamatological paramaters of whole blood derived from pig, chickenand duck

Hematological parameters Porcincbload  Chicken blood  Duck blood SOM" P-Value
Red blood cell, REC (< 10° cell/uL) 743+ 016> 2.11% 0117 1.98 + 0.23° 1.l4 0.000
Hemoglobin, Kb (2/dL) 13.0020.14% . 890+085% 1175:£049*° 079 0012
Packed cell volume, PCV (%) 40,50 £0.71° 25,50+ 0.72° 34,50 £2,12° 2.9 0,004
Mean corpuseular volume, MCV (L) S6.304 1845 121384 0.47°  174.77£926 2180 0001
Mean corpuscutar hemoglobin, MCH (pg) 17,50 £0.57° 4223 180% = 59.59£43)1 171 0.001
Mean corpuscular hemoglobin corcentration, MCHC (g/dL) 31,10+ 198 34.96 £ 4.30* 34,08+ 0.66 114 0445
Plzsma protefn {g/dL) 764057 4355036 452£028° | 100 0000
VWalues are given as meanssSD of triplicate blood sampling.
3Djfferent superscripts in the same row Indicate significant differences (p<0.05).
3SEM Is stenderd error of mean.
Table 2. Pearson’s correlation coafficients () of hematological parameters of whole blood
RCB 213 BVve. MGV, MCH  MCHC_ RBGW  BBCL FLP BE  NOE
RCB
HB 0,708
PVC 0,786 0.9624*
MCV -0.899*  —0.365 -0447
MCH -0.017* 0,382 -0.495  0.091%*
MCHC  -0.627 =-0411 =0.644 0.446 0.560
RBCW -0.969** -0.559 ~0,522° “0.974** 0.968** 0493
RBCL -0.972** —0.563 ~0.827. 0.971*% . 0.965%* 0497 0.579**
PLP 0.968*  0.830% 0851* -—0814* -0.817* 0490 -0.919%* -0,922%%
HE 0.485 0.924%%  0.915* 0077 -0.128 0464 0227 -0.272 0617
NHE —0,893% —0,926%* —0.975%*  0.626 0.665 0.648 0.631 0.671* —0.9384* (873"
PHE 0,795 0.063%* 099434 0469 -0.513 -0.612 -0.521  ~-0.564 0.871*  0.940%* -0.987%*

*Correlation issignlficant at p<0.05. **Correlation Issignificant at p<0.01.

RBC, red blood cell; HB, hemoglobln concentration; PVC, packed cell volume;, MCV, mean corpuscular volume; MCH, mean corpuscular hemo-
globin; MCHC, Mean corpuscular hemoglebin concentration; PLP, plasma proteln; HE, heme Iron content; NHE, non-heme {ron content; PHE,
percentage of heme lron.
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Flg. 1. Red blood cells of porcina (A) chicken (B) and duck{(C)
blood. Magnification: 100, Scale bar =20 mm.

the differences reported for blood hematological parame-
ters are mainly affected by enimal species, geographiez!
location and maturity of the animal (Bah er al., 2013).
Morphologically, porcine blood had a round RBC with
lack a cell nucleus (Fig. LA) resulted from maximum space
for hemoglobin of mammalian species (Weiss and Wardrop,
2010). The erythrocytes of avian blood were oval shaped
and, unlike those of mammals, were nucleated cell asrep-
resented by centrally positioned purple nucleus and a wni-
form orange-pink eytoplasm.in Wright-Giemsa stained
blood (Fig. 1B and 1C). The RBC sizes of duck bload
(11.91+0.78 mm of RBC length and 7.78+0.63 mm of
RBC width) exhibited the largest value, followed by chic-
lcen (10.4220.28 mm of RBC length and 7.1240.17 mm
of RBC width) and porcine (5.85£0.08 mm of RBC dia-
meter) blood, which was positively correlated with MCV
values (r ~ 0.97, p<0.01) (Table 2). Hartrnan and Lessler
(1963) stated that RBC sizes of birds are much larger than
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mammalian erythrocytes (5-7 mm for many species), but
smaller than the cells of reptiles (18x7 mm to 23x12 mm).
As compared among avian species, the cytoplasm duck
blood was less blue than chicken blood. This feature likely
represents older aging of avian cells (Weiss and Wardrop,
2010), which related to the older of ducks than broiler
ages in the present study.

The concentration of plasma protein in avian blood was
nearly twice lower than in porcine blood (Table 1). Gen-
exzlly, this value was reported in the range of 6-8 gfdL for
mammals (Weiss and Wardrop, 2010), while it had been
reported approximately 4 g/dL in birds (Griminger and
Scanes, 1986). It was probably related to blood glucose in
plasma.of avian species which are typically more than
double those inmammals (Scanes, 2015). Glucose is an
active osmotic substance that reduces the protein concen-
tration in order to maintain the colloid-osmotic pressure
{(Pitipovié ef al.y2007).

Proximate, mineral and heme and non-heme lion
cenients

The proximate composition (dry basis) indicated that
porcine blood had the highest protein and fat contents,
followed by duck znd chicken blood, respectively (Table
3), but lower ash and moisture contents as compared with
chicken and duck blood (p<0.05). The carbohydrate con-
tent of chicken blood was evidently higher than those of
other samples (p<0.05).

A higher content of protein in whole porcine blood than
in chicken blood was also observed by Mirquez et al.
{2005). As a result of sodium citvate was added o blood
semples for preventing coagulation, a high content of ash
was expectedly observed in all samples.

Fe, Mg, Zn, Cu, Mn, Cr and Se arg trace elements which
are essentizl for well-defined physiological functions of
human biological system znd insufficient intake of these
trace minerals ¢an cause nutritional problems (Guardia
and Garrigues, 2015). Among these elements, Fe is one of
the vital minerals needed for the optimum finetion of
blood. The World Health Organization (WHO) estimates
that some 2 billion people suffer from anemiz due to iron
deficiency, whose high-risk populations including adoles-
certs, menstruating women and the elderly (Guardia and
Garrigues, 2015). The result showed that zlthough Fe con-
tent from porcine blood was lower than duck and chicken
blood, its heme iron content was similar to duck blood,
and was shown a higher content as compared to chicken
blood (p<0.05) (Table 3). Additionally, the highest per-
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Table 3. Proximate, mineral, heme and non-heme iron compositions of freeze-dried blood powdars derived from pig, chicken

and duck
Parameters Porcine bioed Chicken blood Duck bloed SEM™ P-Value
Proximate composition (% dry basis)
Protzin 90.97 £0.05%2 8827+ 0,04 89.70 + 0.08" 0.49 0.000
Ash 7.81+0.08" .03 = 0,34* 9,45 % 0.15* 0.41 0.005
Moisture 2,19 0,03 2.83 £ 0.047 271+ 0.03* 0.12 0.000
Fat 0.86 008 0.15 £ 0.06° 0.43 £0.04 0.13 0.004
Carbohydrate 036+0.12 1,65 £ 0.36° 0.41+ 0.29* 0.28 0.030
Mineral composition (mg/kg dry weight)

Fe 1490,14 & 38.14% 181662 £ 10.19* 1803.06 = 55.88* 54.52 0.000
Mg 309.93 + 4.22° 187.67 + 5,54 471,15+ 10,20° 23,37 0.000
Zn 3326+ 0.11° 42.53 = 0.38* 41.50 = 0.31° 1.47 0.000
Cu 36,71 £ 0.62% 26.32 = 0,30% 20,74+ 02% 2.34 0.000
Mn 3334003 2.89 £ 0.09" 49,75+ 0.49 7.77 0.000
Cr 1.07 + 0.012 061 % 0.02° 0.78 £ 0.02" 0.06 0.000

Se ND? N . 2

Heme and non-heme iron content (pg/g dry weight)

Heme iron content 832.46 £ 39.99* 52623 % 39.18" 833.05 + 59.82* 52.88 0.000
Non-heme iron content 645.99.+ 11.04° 1276.49 + 35.66* 94321+ 163.00" 9523 0.001
Heme iron (%)° 56,13+ 1.34* 20.19+2.11% 47.14 & 6,07 4.13 0.000

Walues are given as means + SD of triplicate blood sampling.

Different superscriptsin the same row Indicate significant differences (9<0.05),

3SEM Is standard error of mean
ND: this value Is lower than limit of detection.,

Spercentage of heme Iron iscomputed s the ratio of heme fron to total Iron.

centage of heme iron was the maticedly found in porcing
bleod (p<0.05). A higher amount of heme iren content or
percentage of heme iron of park and duck blead as com-
pared with chicken blaod was related to they contzined
higher Bb concentration (—0924, p<0.01 and +=0.963,
p<0.01, respectively) (Table 2). While the highest content
of Fe in chicken blood resulted from a dsnse in nen-heme
iron content. Not only a high content of bioavailability of
iron, but also the largest values of Cu and Cr were found
in porcine blood (p<0.05). The highest Zn was found-in
chicken blood and the highest Mg and Mn were found in
duck blood (p<0.05). Regarding Se¢ content; there was a
lower content than the limit of detection of analyzed me-
thod. This composition data indicated that the minexals in
blood powders depended meinly on the species of znimal
and could be used as product development or food sup-
plementation to meet the recommended daily intake of
expected minerals.

Amino acld composition

Amino acid composition of freeze-dried blood samples
is presented in Table 4. Despite the lack of information
regarding cystein and tryptophan due to the limitation of
evaluated method, the summation of essential amino acid
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cortents (leucine, lysine, valine, histidine, phenylalanine,
tyrosine, threonineg, isoleucine and methionineg) of all
samples were higher than total non-essential amino acid
contents: Essential amino acidnon-essential amino acid
ratios of porcine, chicken and duck blood were 1.06, 1.09
and 1,07, respectively. When amino acid profile was com-
pared with amino acid requirements of adults recomn-
mended by FAQ/WHO/UNU (2007), blood samples were
an excellent souree of essential amine acids, except for
isoleticine. Similar amino acid palterns were observed com-
pared with those reported by Donkoh ef al. (1999) and
Ockerman and Hansen (2000) for amino acid composi-
tions of blood meals in which they possessed the highest
content of leucine and rich in other essential amino acids
including lysine, valine, histidine, phenylalanine, tyrosine
and thesonine, but limiting iscleucine and methionine con-
tents. However, quite difference among reporls relating
isoleucing was observed, where this amino acid from avian
blood in the present study was higher than those reporis.
The deficiency in isoleucine of whole blood from cow (9.3
mg/g protein) and pig (6.9 mg/g protein) than those from
¢chicken (27.5 mg/g protein) was also reported by Mérquez
er al. (2005). Regarding methionine, there were no signif-
icant differsnces among blood samples in the present study
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‘abled. Amine ackl composition (mg/g protein) of freeze-dried blood powders derived from pig, chicken and duck

Parameters WHO([ZF&C;;UNU Porcine blood Chicken blood Dugk blood SEM” P-Value
Essential amino acid
Leucine 59 11630 x2,31>'* 04,75 + 1.29" 89.30 £ 0.99° 0,41 0.000
Lysine 45 86.04 + 1.00* 75.98 + 4.97° 82.13+£2.95° 0.18 0.020
Valine 39 72.44 £ 4,297 52,91 & 3,12% 53,18 £ 347 0.34 0.001
Histidine 15 57.82 £2.512 4807 2 2.78" 4545 1,348 0,20 0.001
Phenylalanine 38 (Phe+Tyr) 57.49 +2,72° $5.00 + 4,73 5321 £1.81° 0.11 0.344
Tyrosine 25.83 & 044 31344233 2839 £1.71" 0.09 0.020
Threonine 23 36.24 + 0,28 49,13+ 1107 40.80 £ 040" .19 0.000
Isoleusing 30 10.37 £0.73¢ 1055 = 1.7¢° 2757+ 1.89% 0.32 0.000
Methionine 16 7.23 £0.30° 6.30 2 0.88* 6.65+ 0,43 0.21 0.253
Non-gssential amino acid

Aspartic acid 11125+2.12° 79,00+ 2.81" 82.05 £2.24° 0.52 0.000
Glutamic acid 95,89 + 1.60° 97.43+2.89° 08.25 22.40° 0.02 0.508
Alanine 71,49 + 0,44° 67.48 + 1.19" 72.80£0.87° 0,08 0.001
Arginine 42,94 4 0,99* 52,83 £2.33 47.94+0.78° 0.15 0,001
Serine 46,02 + 0,34 41,20 +1,26" 35,274 1.12° 0.16 0.000
Glycine 40,64 = 1.46° 35.57= 1.36" 32.81 £ 067 0.12 0.001
Proline 36.94 = 0.33° 35,65 % 0.58% 31.18 £0.39° 0.09 0.000

'Walues are given as means:SD of triplicate blood sampling.

2Djfferent superscripts in the same row indlcate significant differences (p<0.08).

35EM is standard error of mean.

*Amino acid requirements of adults(mg/g protein) estimated by WEO/FAOIUNDU (2007).

(values were between 6.30 and 7.23 mg/g protein) (p>0.05).
Mérquez ef al. (2005) also reported that methionine con-
tents of whole blood from those species was not signifi-
cantly different, which value was in the range of 2.8-9.6
mg/g protein and all blood represented deficiency in me-
thionine requirement from FAQ/WHO/UNO (2007), pre-
sently estimated as 16 mg/g protein. Generally, amino acid
imbalznce of blood because of the deficit in isoleucine and
methicnine has usuzlly been reported (Ockepman and Han-
sen, 2000). For cystine and ryptophan contents, blood meal
contained 15 and 11 mg/g, respectively (Ockerman and
Hansen, 2000), which was under theixr requirements as
recommend by FAO/WHO/UNO (2007), each approxi-
mately 6 mg/g protein.

As comparison among animal species, higher contents
of non-polar zmino acid with aliphatic hydrocarbon side
chain (leucine, valine, glycine and proling) as well'as his-
tidine, aspartic acid and serine were observed in porcine
blood, compared with other blood (p<0.05). Chicken blood
had higher amounts of arginine, threonine and tyrosine,
but lower levels of lysine and alanine, as compared with
other blood (p<0.05). Bleod from avian species, chicken
and duck, contained a higher content of isoleucine than
porcine blood (p<0.05), while no differences in phenylal-
anine #nd glutamic acid contents were observed among

htlpAwww.kosls.org!

samples (7>0.05). Due 1o the highest cantent of isoleu-
cine, chicken blood seems to be 2 better amino acid bal-
ance and altemative protein souree to formulated food
products.

Solubllity

The solubility of blood powders at pH 2-10 is presented
in Fig. 2. Porcine and chicken blood showed a similar
trend conceming solubility with value in the range of 83-
91%. (Fig. 2A and 2B). Differently, duck blood exhibited
lower protein. solubility at pH 2 and 3 as compared to
other ‘samples (Fig. 2C). Most studies on the functional
attributes of the blood proteing were usually carried out
on whole plasma and hemoglobin fractions. For example,
Del Hoyo et ai. (2008) stated that solubility of percine
plasina is quite high ranging from 68 to 80% at pH bet-
ween 3.0 and 8.0, with a very slight effect of pH. Regard-
ing hemoglobin, its solubility varied in the range of 75-
95%, with the lowest value carresponding to pH 5.0 (Alv-
arez et al., 2009). However, blood samples in present study
were not tested on their fraction, so the presence of sev-
eral proteins compositing in blood could be responsible
for modifying the solubility profiles. Protein solubility is
dependent on several intrinsic factors such as amino acid
composition znd amino acid sequence (Hettiarachchy,
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Fig. 2. Solubility of freeze-dried samples from porcine (A)
chicken (B) and duck (C) blood, Bars iepresent the standard
deviation (n=3). Different letters Indlicate significant differences
(p<0.05).

2012). Consideration of correlation analysis between sol-
ubility at different pH 2nd mmino acid composition as
summerized in Table $, solubility of blood at pH'2 and 3
had positive correlation With proline (—0.897, p<0.01 and
0,859, p<0.01, respectively) and serine (—0.822, p<0.01
and +—0.741, p<0.05, respectively). Additionally, the gly-
cine content had a positive correlation with solubility at
pH 2 (—0.680, p<0.05) and tended to correlate with-sol-
ubility at pH 3 (r—0.634, p<0.07). It was shown that a
higher content of these amino acids in blood samples
(poreine and chicken blood) allowed en easy solubiliza-
tion in acidic condition. The solubilities of amino acids in
water are highly variable in which proline possesses its
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highest solubility in water (162.3 g/ 100 g H,0 at 25°C), -
followed by glycine (24.99 g/ 100 g H,O at 25°C) as com-
pared to other amino acids (Belitz ez of., 2009). Among the
hydrephilic amine acids, serine contributes more favor-
able solubility in water (5.02 g/ 100 g H,0 &t 25°C) than
the other hydrophilic amino acids (Belitz er /., 2005). The
wide range of obtained results on solubility at different
pH informed a good indication of the potential application
of sample, because it influences on other finctional prop-
erties.

Gelation

The differences in textural characteristics of blood gels
among species during heating were observed (Fig. 3A-3F).
At 70°C, chigken blood showed the most rapid response
to form gels, followed by duck and porcine bloed, respec-
tively (Rig. 3A). Heating at 70°C for 30 min resulted in a
stronger gel with a higher hardness value of chicken blood
as compared to duck blood, while porcine blood started to
form a soft gel at 70°C for 60 min. Thereafter, as the time
increase, the gel strength of chicken and duck blood ten-
ded to inerease, while hardness value of porcine blood gel
remain unchanged, With increasing temperatuce to 80°C,
thie hardness velue of duck blood gel was largely increased
as the heating time ncreased (p<0.05) (Fig. 3B). Boiled
duck blood at 80°C for 50 min could provide a hard tex-
ture (3.40:0.12 N) similar to chicken blood gel (3.34+0.13
N) (2>0.05). As expected, when heating at 90°C, the maxi-
mum gel strength of chicken and duck blood were achie-
ved within 60 min, and their gel hardness was similar
(around 4.84-5.18 N) (Fig. 3C). Unlike bloed from poul-
try, porcine blood required a minimum tamperature of 90°C
for 45 min for the formation of a self-supporting porcine
blood gel (approximately hardness value > 2 N} as shown
in Fig. 3G Moreover, the maxirmum gel strength of por-
cine blood gel was perceived by heating at 90°C for 90
min (~4.15 N). In porcine and bovine plasma, the gel
strength increased with increasing heating temperature of
gels from 72 to 92°C probably due to an increase in den-
sity and the formation of larger aggregates of protein (Za-
yas, 1997). Conceming on springiness value, the gel obta-
ined from porcine blood showed a higher elasticity diring
heating at 80 znd 90°C than avian blood (p<0.05) (Fig. 3B
and 3F).

The results of textural characteristic suggested that chi-
cken blood showed the most rapid response to form gels,
followed by duck and porcine blood, respectively. The
formation of a three-dirnensional network, a gel system, in
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Composifions and Funclional Properties of Porcine, Chicken and Duck Blood

Table 5. Pearson’s correlation coefficlents {r) between functional properties and amino acld composition of whole blood

Tew Lys Val  His Phe Tyr Tir

Met Asp Glu Ala  Arg  See Gly Pro

Solubility

S, 0.599 —0.096 0.426
S, 0616 -0.007 0.505
S, 0347 -0.355 0217
S, 0401 0452 0419
8, ~0212 —0.426 ~0.346 ~0,207 ~0.041 0.355 0371

0576 0514 0,035 0193 -0307 0033 0379 -0.162 —0.604 0.043 0.822** 0.680* 0.847*+
0588 0.411 -0.041 0.073 ~0347 0.319 0412 -0387 ~0.501 ~0.067 0.741* 0.634 0.859+*
0400 0508 0284 0283 -0.112 -0.210 0,149 -0.399 -0.565 0219 0.515 0454 0.687*
0285 -0.02% ~0.433 -0.166 -0.265 0.354 0416 0.503 0050 -D.294 0382 0.326 0.333
0220 -0.607 -0.334 -0,366 ~0.469 0348 -0.014 -0.139 0.044

8, 0089 0254 0.136 0011 -0.290 -0.313 -0.260 -0,197 -0.282 0.200 -0.082 0.167 -0.310 -0.030 0.014 -0.036
Sy -0400 0111 -0.275 -0.446 —0.403 0,051 0.108 0408 0028 -0.330 0573 0253 0168 -0.489 -0.509 -0.480
§, -0203 -0.012 -0.168 —0.126 0.110 0.036 -0.094 0.103 (.084 -0.163 0116 0.324 0.063 -0.263 -0.198 —0.383
8, -0089 ~0.131 -0,159 —~0.049 0.127 0.073 -0.003 ~0.014 -0.643 -0.064 0013 0040 0066 -0.037 ~0.01% -0.133

Emulsion property
EAYL, 0294 ~0.624 -0.451 -0.311 -0,099 0.585 0.750* 0.456 —0.562 —0.470 -0.077 —-0.645 0.601 0.045 -0.149 0233
EAY, -0513-0.856*-0.697* —0.482 —0,037 0,848**0.947** 0.684* —0.665 —0.707* 0.033 -0.678 0.859** ~0.113 ~0.338 0.094

BATL, 0234 -0.373 0.045 0223 0293 0230 0450 -0.017 -0.408 0.008 =0.259 -0.618 0280 0.541 0.401

0.645

ES; -0.199 -0.362 -0.278 -0.280 -0214 0.376 0.712* 0483 -0.188 -0.352 0,368 -0.604 0533 0.067 -0.163 0.292

ES, -0.094 -0.751*% -0.260 0.063 0618 0.683* 0.586 0.280 ~0.575 -0.349 -(0.366 —0.648 0.650 0.180

0.128 0.302

ES,, -0.064 0.027 -0.164 —0,141 =0,327 =0,068 —0.100 —0.140 —0.245 —0.022 ~0.367 —-0.093 ~0.179 0.014 -0.073 -0.0%4

Foaming property
FE, ~0472 0303 -0.271=0.473-=0.508 0244 ~0,371) 0,169 -0.018 -0:200-0.332-0.796* =0.210 -0.765* 0600 —0.888**
FE,, 0093 0575 0261 0,088-=0.105 ~0.564~-0.729* -0.355 0,163 0:335- 0.116 0.888** —0.575 -0.257 —0.040 ~0.456
FE, 0133 0.777* 0286 0.027 -0.441-0.759*-0.791* -0,423 0311 "0.397_ 0.133 0.848**-0.738*-0.202 -0.083 —0.429
FS. 0.069 0.600 02590077 —0:135 -0.595-0.732* -0.338 0259 0.286 0.035 0.852%* —0.586 —0.285 —0.042 ~-0.506
ES,, 0336 0.806** 0.518 0.300 —0.109 -0.800*%=0.708* ~0.585 0.511 0,562, =0.013 0,888**~0819**~0,047 0.181 ~0.287
FS, 0.057 0.662 0176 -0,019 -0.378 —0.651 -0.752* -0,393  0.087 0.340 10.150 0351**-0.672* -0.242 -0.117 -0.492

*Correlatlon issignificant at p<0.05. “*Correlation {s significant at p<0.01. -

85, S350 54 S5 S S S; 20d Sy = Solubility at pH 2, 3,4, 5, 6,7, 8,9 and 10, respectively. EAl;, EAl, and EAly, = Emulsion activity index of
protein concentration at 5,.10 and 20 mg/mL, respectively. ES,, ES;yand ES,, = Emulston stability of protein concentration at 5, 10 and 20 mg/
mL, respectively. BE;, FE,, and FE,; = Foam expansion of protein concentration at'5, t0-and 20 mg/ml, respectively. FS,, FS,g and FS,; = Foam

stability of protetn concentration at 5; 10 and 20 mg/mL, respectively.

the present of adequate environmental condition, results
from the unfolding or denaturation of protein molecules
upon heating, followed by the aggregation teactions (Za-
yas, 1997). However, there were no significant differences
in an endothermic peak of samples (100 mg/mL of dried
sample solubilized in distilled water) during heating by
differential scanning calorimetry, which showed the endo-
thermic pezks between around 60°C and 100°C with the
temperature of maximum heat flow (Z7p) was approxima-
tely 78-82°C (data not shown). The result implied that pro-
tein molecules in blood samples should undergo denatur-
ation and unfold during heating with the similar level
Thus, the differences in texture of gels among blood spe-
cies might be related to their protein aggregation. The for-
mation of aggregates via non-covalent interactions of hyd-
rophobic surfaces, thiol/disulfide exchange reactions and
electrostatic interactions of charged groups occur on the
surface may oceur simultaneously after the partial infold-
ing of the protein diminishing gel quality (Ockerman and
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Hansen, 2000; Wang et al., 2010). In the present study, the
correlation between hydrophobic amine acids or proximate
compositions or hematological parameters and hardness
values at various heating conditions were not observed (p
<0.05). Surprisingly, there was a significant positive cor-
relation between hardness and Fe or Zn at all heat treat-
ments, except for a period of 15-45 min at 70°C, which
shown coefficientvalues () range from 0.683-0.984. The
generally accepted argumentation on the divalent metals
role in protein aggregation is based on their ability to act
as bridges between the negatively charged groups of the
neighboring protein molecules (Navama et al,, 2009).
Moreover, Tseng et of, (1998) found that the higher endo-
genous clotting enzyme activity, transghtaminase (TGase),
in duck blood rather than porcine blood contributed the
increased breaking strength of duck blood curd. The abil-
ity of TGase to cross-link different proteins has been gen-
erally known for over two decades and some of this enz-
yme used was purified from memmalian sources such as
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bovine plasma (Kurth and Rogers, 1984). Therefore, inthe  might be because of the low content of surface hydropho-
case of porcine blood gels, a higher temperature above Tp  bicity and their endogenous bridging ions as well 2s blood
may be required for accelerating protein aggregation,  clotting enzyme. However, for appropriated condition, at

238 http:thwvews. kosfal.orgl




65

Compositions and Functional Properties of Porcing, Chicken and Duck Blood

90°C for 90 min, porcine blood could form a streng gel
with similar gel hardness to chicken and duck blood, but
a slower aggregation of this sample allowed to form an
elastic gel in comparison to other gels. On the contrary,
the formation of large aggregation, particularly in chicken
blood, probably brought about a hard (high hardness
value) and kritile texture (low springiness value), The dif-
ferences in gelation among animal blood samples could
provide a unique texture of blood curd or blood tofu that
are a traditionz] food in China, Thailand, Viemam and
other countries close to the Chinese border, where it made
from a mixture of fresh blood and water and coagulated
by heat.

Emulsion properiles

There was a converse relationship between blood con-
centration and EAI as reported in Fig. 4A. All blood pow-
ders showed that the amount of fat emulsified per unit of
protein decreased as the protein in the system increased,
indicating increased emulsifying efficiency at low protein
concentration (p<0.05): This behavior can be observed in
other protein such as sodium caseinate and whey protein
concentrate, possibly, due to self-aggregation of pratein at
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m
= 390 ¥ rl— ::mw
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% 25 P t fih'l
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450 | (B) O 5 mg/mi
400 o 10 mg/ml
350 | & 20 mg/ml
= 300 |
ié, 250 b
— 200 3
i 150 ¢
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50
a P 1 v

Porcine blood Chickenblood Duckblood

high concentration (Ye, 2008). Comparatively among
blood, a higher EAI was obtained from chicken blood
rather than porcine and duck blood (p<0.05). Addition-
ally, chicken blood at the concentration of 0.5% exhibited
a higher ESI than other species (»<0.05) (Fig. 4B). This
evident might be result from the differences in intrinsic
property of protein among samples in which Hettiarach-
chy (2012) stated that the emulsification and emulsion sta-
bility of protein was meinly govemed by three factors: (1)
electrostatic repulsion caused by some of the charged am-
ino acid residues in the adsorbed protein molecule at inter-
face;.(2) the steric hindrance via the hydrophilic amine
acid residues affinity to water and (3) viscoelastic proper-
ties of the protein films zbsorbed at the oil-water interfaces.
Consideration for correlation among tested parameters,
regardless effect of protein content and its constituent, there
was a significant correlation among threonine content and
EAX at the concentration of 0.5% or 1.0% (r—0.750, p<
0.05 and r-0.947, p<0.01, respectively) (Teble 5). More-
over, @ significant correlation was also found between
threcnine content and EST at the concentration of 0.5% (»
—(0.712, p<0.05) (Table 5). Threonine is polar amino acid,
hydrophilic uncharged side chain with a hydroxyl group

240+ ({C) @ § mg/ml
© 10 mp/ml
& 200 F @ 201ng/eak
=3
= 160 1 LA € 1A
E- 120 %8 e
§ 8ot '
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o v
Porcinoblood Chickenblood Duckbleod
50 F D) O 5mg/ml
O 10 mg/ml
40t ® 20 mp/ml

Foam stability (34)

Parcice blood Chickeablood Duck blood

Eig. 4. Emulsion activity index (A), emulsion stability (B), foam expansion (C) and foam stability (D) of porcine, chickan and
duck blood. Different lowercase letters within the same blood Indicate significant differences among proteln concentration (p<0.03).
Different uppercase letters within the same concentration indicate significant differences among spedes (9<0.03).
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and its hydration property was 2 moles of water per mole
of amino acid (Hettiarachchy, 2012). The higher content
of this amine acid in chicken blood might partly support
the steric hindrance effect viz binding of water and strue-
turing of the water molecules around this side chain and
then express superior emulsifying property than pork and
duck blood. Blood proteins have good emulsifying prop-
erties and can adequately replace casein and egg in emul-
sified meat system, especially in low salt meat products
(Ofori and Hsiech, 2013). A superior of such properties
were found in chicken blood than in pork and duck blood
would be a benefit for processing of blood sausage, where
the black color is expected and acceptable,

Foaming properiles

The FE and FS were seemly enhznced by high protein
concentration (Fig: 4C and 4D); as high protein concen-
tration increases the viscosity and facilitates the forma-
tion of a multilayer, cohesive protein film at the interface
(Damodagan, 1997). At the same concentration, pork and
duck blood had higher FE and ES than chicken blood at
any tested coneentration (p<0.05). The basic function of
proteins in foams is to decrease air-water interfacial ten-
sion, to increase viscous and elastio properties of the lig-
uid phase and to form strong films (Zayas, 1997). Prolein
molecules can unfold to a certain degree and recrient at the
interface with polar groups exposed towards water phase
and the non-polar groups towards the air phase (Wierenga
and Gruppen, 2010). Zayas (1997) summarized that there
was a report of a positive correlation between the content
of hydrophobic.amino acids and the foaming properties-of
proteins. In the present investigation, some hydrophobic
amino acid in blood, alanine; was correlzted with impro-
ved foaming properties, which significant correlation bet-
ween this amino acid and FE or ES ameng samples were
observed (r—0.796-0.888, p<0.05) (Table 5). Morcover, the
influences of plasma components on foaming capacity
and related food produet have been reported (Raeker and
Johnsen, 1995; Vueno e ak, 1979). Vuono ef 4. (1979)
found that among bleod components, globin showed the
highest foaming capacity followed by albumin, globulin
and plasma. Raeker and Johnson (1995) noted that the
separating fibrinogen from plasma increased cake volume.
Therefore, the differences in these proteins among blood
rmight be also related to their foaming properties. A higher
foarning behavior of porcine and duck blood rather than
chicken one might be practical means of improving the
foaming dependence products such as blood calce, bread
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and biscuits that are usually consumed in Burope and Asia
(Lin, 2002},

Conclusion

Species-specific hematology among blood samples was
observed in which higher RBC, hemoglobin, and plasma
protein contents with a smaller RBC size were found in
porcine blood as compared to chicken and duck blood. The
porcine blood seemed to be less nutritive amino acid com-
position than avian blood due to a larger deficiency in iso-
leucine, but it was rich in heme iron content that related
to-higher-hemoglobin content rather than avian blood.
Based on fimctional properties, the chicken blood exhib-
ited & superior gelation and emulsion properties, but was
quite lower foaming properties as compared to duck and
porcine blood.
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