wavosaulusimmudngafiuadendndudidalatusulns
NniiieLAvvae

Effect of Transglutaminase on Restructured Beef from
Trimmed Meat

aan1 INREIIT

ﬁcylmﬁLﬂwﬁlﬂudqwﬁwaqmiﬁnmmwé’ngmﬂ%wjm%wmmam%ﬂ’ms}?m
dv1IvndAnTsuwlIIUoIMg
ADIZDARAMNTTUNEAT
doudumalulagnszaaunadIAumMmIsAIANTE U
W.A. 2563



lususasleyminiay

¢ -4 a 1 a o/ 3 dy él 1
wamamau‘l%uwsﬂuangmmuamNammsmuaiﬂmugtﬂm

ANLUDLAYINAD

Effect of Transglutaminase on Restructured Beef from

Trimmed Meat

IRVLAE
aan1 INPAIIS SMAUNAN®I 59080179

1ﬁ%ﬂﬂqiﬁﬁlqﬁmﬂLﬁu‘UaUﬁ]’lﬂ

3. LEYAS Wiames
el = a
919138 NUTNE UgniiLey



Wtelymiiey naveseulzinaudngmladeninduaiielavuguininnierwinie

Pounfnw aan" IRAFNT SalnAne1 59080179
NANgNS WermansUdia @1uIvImnssunlsglemns
W.A. 2563
919158NUTNW 3. WgAS wimes
UNAAELD

oulwiinsungaidiua (Transelutaminase, TGase) W utoulwindanldlugnainnssy

1%
S v 6

Wednd wisldlumsuszanlbinfalassaswedddsiuluiledntluniswdnilodugulniniiedudan

[ '

a nmsueuledvsiungafiwaunldlunswdndetusulmidadumeadaifivszansamlunisiiiy

'
a o & A

AOUILERALN

| [y

LA kAL aLEwAaD AT

Y

Wntuuaneneiy (0 1 1.5 kag 2%) Aeanvagnamenmvedalieladusuludanilarwvdeilaain

afnwnavesMsldouleinsiudngadivanaig

diuilauns e wazilouas lagyhnsAnwinudnuauemaaiintgnn (eeRUsznaunieall
: 2 e P, P 4 ; ) & 2"\ VU 1
A1 pH ALSIFARLTULD ANE A1 Drip loss wagA1 Cooking loss) vedillawiwimasdldaindiuiile
LAY LaNuyiae waziilotsd INKNANTIVAGEINUIN awliens 3 FliaflosAusenauniapdiunneiaiy
iwileunsiiUTinuanudulazUSinaniigean (p < 0.05) luvugiiawiloiuieaiusunaluiugsge

(p < 0.05) FadanaliAilaNuyDlA Drip loss wage1 Cooking loss @3ga (p < 0.05) tauiiloyss

[
%

fUsunalusivgeanliunniseduiivedidyaniaviilonns luvagnen pH vadilons 3 wiineg

'
a1 o

lugag 5.39-5.47 ImLﬂmﬁaﬂaaﬁm,méfﬂmu%uﬁaqaqm Turauzimuiefuiodiasan anniu
vhnsAnuinavesnsifieuleinsudngaiuaiisnududusandiaiu 01 1.5 uay 2%) s
nsldinde (NaCl 1.5%) sednvaznaenisnin (AanisBanaiu snvaziilodudd (texture profile
analysis) ANd A1 Cooking loss LagA1 Total yield) suaqLﬂfaiﬂéfugﬂmimﬂmwufaum i ofiy
oy wwaniiiotes Mnnanmaaewiuiy Usinaueulsiianududy 1-2% dwalrnisdafntu
(Binding strength) vasiiotugUlmintmawilents 3 siagsniin1stusulaslildioulesi 0%) Tay
nsldieule 29% e*iﬂmaiﬁﬁa%ugﬂimjmﬂL%L‘ﬁ@ﬁ% 3 ylladlensdaRaiu (Binding strength) g4am
ldunnsnsanmsldioulel 1.5% ‘uEJﬂﬁ]’]ﬂﬁﬂ?ﬂﬁ@ﬂl‘dﬂmﬂﬂiﬂ%’ﬂwﬂﬂ’J’]iJL‘ld]uﬁLLGN?JENLﬁaﬁugﬂlﬂﬁ
MnAAEIN (L) flanasuaAranundudung %) Aiiuay Tuvaeitan Cooking loss (%) Yol
Juzulminnauions 3 via feransauievsinaeulsiiugu Sedamalsian Total yield (%)
390y Usinaneuluid 1.5% dswaliidelatusuainiawdouniuasiawioussidnisdainu
(Binding strength) a4gn wailA Cooking loss i Taglalumnsinsannnsldiouls 20 Turniziiiela

TugUNniAleiuvios wivedirn Cooking loss mandleldioule 2% useenalsinmunisldieuled

7 2% denabvitiieladusUindaniawienuiesdainsgasaiu (Binding strength) laiwmns1eain



nsldiouley 1.5% aeudsunaneulsdinmunzanlunsudnielaiugulndnniliowrw vions 3

vil ogffl 1.5% Femslasauiuinde (NaCl 1.5%)



Special problem title Effect of Transglutaminase on Restructured Beef from Trimmed

Meat
Student name Lalida Chittisangworn Student ID 59080179
Program Bachelor of Science in Food Process Engineering
Year 2020
Adviser Dr. Pensiri Kaewthong

ABSTRACT

Transglutaminase (TGase) is widely use in the meat industry in order to provide the
crosslinkage between meat protein and a good texture of restructured meat product. The
restructuring technique by using TGase is effective technique for improving the value addition
of trimmed meat. The objective of the present study was to investigate the effect of TGase
concentrations (0, 1, 1.5 and 2%) on the physical characteristics of restructured beef with
trimmed meat obtained from red meat, plate and shank cuts. The physicochemical
characteristics (proximate analysis, pH, shear force, color, drip loss and cooking loss) of
trimmed meat obtained from all meat cuts was evaluated. The result showed that trimmed
meat obtained from 3 meat cuts had a different chemical compositions. The trimmed meat
obtained from red meat had highest moisture and ash contents (p < 0.05), whereas trimmed
meat obtained from plate had highest fat content (p < 0.05). The highest fat content caused
the highest drip loss and cooking loss in plate cuts. Trimmed meat from shank cut showed
the highest protein content, but there was no significant differences in protein content
between trimmed meat from shank and red meat. pH of all meat cuts was presented in the
range of 5.39-5.47. Moreover, shank cut had the highest shear force, whereas the lowest shear
fore was observed in plate cut. The effect of TGase concentrations (0, 1, 1.5 and 2%) and salt
(1.5% NaCl) on the physical properties (binding strength, texture profile analysis, color, cooking
loss and total yield) of restructured beef with trimmed meat obtained from red meat, plate
and shank cuts. The results presented that the binding strength of restructured meat prepared
using 1-2% TGase was higher than that of the restructured meat prepared without adding
enzyme (0%). The restructured beef prepared from all meat cuts treated with 2% TGase had
the highest binding strength with no significant difference with the using of 1.5% TGase.
Moreover, the high level of TGase could maintain pink color of restructured beef prepared

from all meat cuts indicated by the decrease in the L* value and the increase in a* value. The



Y

cooking loss of the restructured beef prepared from all meat cuts was significantly decreased
with increasing of TGase concentration, which was related to the increase in the total yield of
restructured beef. The restructured beef prepared from red meat and shank cuts treated with
1.5% TGase had the highest binding strength and the lowest cooking loss with no significant
difference with the using of 2% TGase. Although, the restructured meat prepared from plate
cute treated with 2% TGase showed the lowest cooking loss, there was no significant
differences in binding strength between restructured meat treated with 1.5% and 2% TGase.
Therefore, the optimum TGase concentration for preparing the restructured meat from red

meat, plate and shank cuts was 1.5%, which must be used together with salt (1.5% NaCl).

Keywords: Restructured meat, Transglutaminase, Trimmed meat, Beef
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RETAIL CUTS OF PORK = WHERE THEY COME FROM AND HOW TO COOK THEM
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ds{u v ¢ a < a v o 4 = dy [ [ 2 3 6 1 [
Wodniunazidemduddadu (Emulsion) itlleadreldnsanunseainesines wivssyluld
(Casing) wunluigy

Figure 2.5 nandnelulaug)

7+ RuvAeyuaydsen (2553)

€

D)
>
2D
=

(2
a

andu (Meat ball) nungfis HAAAM9NNMNAINILE LATANA LATIUTITALALTNYLT0UY

Y

d' o 1 a [ & a LY Y o 3 ! v &
117U ¢ UIHIUN NELDYNN9ALLDYAAUTILUULUBLAYINU LL@’WHL‘UUEUTNGHEJW@QWW VINUU

avnvisesulian lauwn anduiiieln (Beef ball) uwazgniumy (Pork ball) gnTudundnsioeiiie

v

¥inunazdsadudiiatusianile lannisdunay auldaiusaueaiulasiasiad uvaailals

A a o

lassasnsveailaazgnihanens seaudulendauiieielinin Snwaziduinamieivsediaty

o

YaurdunanIzfosmuAtgungildlvgaiu 15 ssmwalfeaiiosny) anuamuvesdtatuy

13 nsdndngdevulugniu laun arsuszneuneamniiluniwazuds iedlglniledudaiu

[ '
Va2

AT Preiiunnuausatunsgudiveile Meveaslisereendinduvedluiuniaevinlv


http://www.foodnetworksolution.com/wiki/word/1136/sausage-%E0%B9%84%E0%B8%AA%E0%B9%89%E0%B8%81%E0%B8%A3%E0%B8%AD%E0%B8%81
http://www.foodnetworksolution.com/wiki/word/0674/emulsion-%E0%B8%AD%E0%B8%B4%E0%B8%A1%E0%B8%B1%E0%B8%A5%E0%B8%8A%E0%B8%B1%E0%B8%99
http://www.foodnetworksolution.com/wiki/word/2370/frankfurter-%E0%B9%84%E0%B8%AA%E0%B9%89%E0%B8%81%E0%B8%A3%E0%B8%AD%E0%B8%81%E0%B9%81%E0%B8%9F%E0%B8%A3%E0%B8%87%E0%B8%84%E0%B9%8C%E0%B9%80%E0%B8%9F%E0%B8%AD%E0%B8%A3%E0%B9%8C%E0%B9%80%E0%B8%95%E0%B8%AD%E0%B8%A3%E0%B9%8C
http://www.foodnetworksolution.com/wiki/word/3355/casing-%E0%B9%84%E0%B8%AA%E0%B9%89

Annduiulundndoe wlgnduieliduasiviglunissiudatuii (Water binding agent)

iieaanisaaudsivin uwasidunisusulssnvaeilevewmdndasililanumiewazaiy

£
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gaveuivuLarduilvidsanafvusneig

a

Figure 2.6 W&ASuIaNTY

2.3.3 nansnuileugUlny

~ P ~ <N L) i o o a &

L 9991NANUA BINTISUS LaALL o LT UN181a991Na9AsIuTanAS 9N 2 Taelanzwile

< 1 A a :%’ A 4’1’ a 4 o va [y ) | d’}’

awin wahdgnniisdumsiielisimawaznilaein yilidnisiawdietdiuveiowas
Wod i BaiunIunIuagldundlea’ 099nsua3ariag Uil uinindiduiioafind ugy
(restructured steak) lneFuiloaian dini1ainniIsunilod uniiyadsn wu tiledupouiniu

Y] < Ay I3 1 9 ‘g Ia '3 [N~ Ay dy d‘d [ :s’ < o
YUUNIAMTUTUEN KuNTEaTugUnukuukRuiaulaluduieniisydnvue Jadunisi
walulagunldlunsuiaiamuyamvesduaniismgn

a v '3 d’l’ (Y4 '3

2.4 USSLONVDINANNUNLUD AN

N15TALUINA AN UL BANUENBUENIINIBNINVDIFINAN S UN AU U990 bk T
2 Usebnn f9il

2.4.1 Hiafaeiiladnduuunegunsolkuuvuanadtay (Non-comminuted meat
products)

wansdnaiienliiunisuavsenisgeruinasiinandusiilodinaizuiauazan e
YBINAULL BN3 8T UL @ (Intact or whole muscle) kHAB1ABIZTN1TOUBNTNWIDINITUTD
nsrUIUNISHUTIUAN 9 intslunisuanivelvlandndueiieoniinguy sa d dnvasiilodudan
[ d‘ o o dl = o Y a o s dy a o o o =\ =
Wiudsemu uasiiddgiande vilindadusiiledianudasadudmiunisuilan waziiengly

v 9
v
= Y 1

AMTAUSNEINENIUILTY Fregraiu ke (Ham) lwasu (Bacon)



Figure 2.7 nanduailedniuuunsgy

P - Rasiuigyuayiisen (2553)

(2

\edniuuuaagunisuuuanuuia (Comminuted meat products)

2.4.2 WEng0

wAnfaeiiednifiunsguinnssineg Inlrduielvnngosdnasauldiviuduu
ndnile visdinandusidledn Tuiuvangudiamunsoutsoondundndnsidedn uuuansuiinun
9181V (Coarse ground meat product) fla MsfiguiiiognuasasLaiosuauuUsTIIALiaE a8
yunvesiudoaudlifdussdudulondruie wu ndnsasiumun vienudesvedlne vie
usuiUadines uazeaivessmingiunn waskdnsueiilodnfansusinunagiBeauuudadu
(Fine ground or emulsion type meat product) L ldnsanunsiAesinosyaIrIneiunn
Feusznaulumelasu auns 11 edouna uazaisususivedanieg gnuanaazduasden

auvihlilaseasslusysuidulenauitawdsundasldauladuinamienidnuazaanenisiin

g ¥
Figure 2.8 ndnsaailodniLuvanuuin
1 : RusiugyuazdSen (2553)

2.5 Hasuiidwaranmuamusaiiotugulai
2.5.1 mmﬁﬂqmﬁmﬁ (Transglutaminase, TGase)
nswdngafiuadueuledissUfisonnisdrenieda (Actyl transfer) szminemy]
wnuEIAsUendialudvesninesiilungmiiuresaraindlng nislusiu wazaisuseneuiediu
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dmgiefiuidunyiondasusriluvedladuluaeimdlng TCase azvinlmAnnsideulasiuss
Tanawivesnlng 2 anedaduiuselniiSonin € -glutamyl) lysine Tuanedilidiodiu
TGase ax3sUfAseIMsdamyunuanasvandioludvasngmiulpeviuiisentuildidunse
namniin uazuouluily (Deamidation) NMsMUGATE1V8Y TGase (191ATUALUNNA, 2556)

Isopeptide bond
Formation

)k O /\;> )k
P NH.- )J\ HiN 2 - ‘/\;,_
En;/\ 1 > S Pl NH

SH —_—

Glutamine
deamidation

Enz

Figure 2.9 Ufjisenvaseulednsiungaiiliua
#1311 : Motoki lag Kamazawa (2000)

TGase fvyFamdueglutinasaieuiiseninugitedvunumesuendiolus
vosngafiuldilunnuinnamfialvlewamnes wazweuluily sewnazynujisendunyieduie
Fuituse lolwdIng drlsifinglnsundiedu drazdusiungiefaviilingmiudisudune
ngeniin uenandaenlndiidladufannsaiuizerdudiuresnganiuldifadusiusy
G-L sgvinslusiiu daduiusslariauyt fediannaudauss Jsenaialumeuluinieszning
aomlnd3edinasld Tase saudasant@Bamiiivesiusiu 1wy nsazats msiindsiadu
uaziianAnsemslnetosiumsgydelady

2.5.1.1 unasvesoulysimsudnganiiiug (Transglutaminase, TGase)

woulwsi Tease wuvisludng v waluqAundd In1swy Tase Tuotorr 1wy
warszuudenasdniifesgnitouy wardululmuasresuiesy el TGase 1ndnda
hafnlaana 77-90 kDa wazdosnisueaidealunisyiufasen dfiey (pH) Avmnzauluns
yauegil 7.5-9.0 uazgungdl 35-50 esrwalTea YAunIsvateviiandn TGase Ie 13un
Microbial TGase (MTGase) L% 14 MTGase 211 Streptoverticidillirm mobaraense Tntdn
Tuana 40 kDa fiynleleBiana3n (pl) 8.9 MTGase 9 nqgaunsdiluwuuteusiues (monomer)
wagliidpsnisunadeslunisisefisen douldlunmamsduiioaiuauudusdunsiag
aveslushulundnsasiomns wu 930 Tewidn Ténson waziuined \Wofidesldudn MTGase 1u

S. mabaraense, S. ladakanum, Bacillus
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Aneurinolyticus, B. badius way Pseudomonas fmsldermsnarsvialunisiass
9AUNT i ewdn TGase WinuI 151901115 B 30 SPY medium vinls¥ Enterobacter sp.
C23617 wag Providencia sp. C1112 wan TGase ﬁ‘ﬁqﬂ (INNTALALUNNG, 2556)

2.5.1.2 mildslenivommudnganfiiua (Transglutaminase, TGase) luitiodn

ns1udnganiiiua (Transglutaminase, TGase) fiasdAlunsidoudszanusening
Tuanaveslusiu annsaldiouleifinalunsdemaunietudng Adunanassliainnsdn
LwiqLﬂfaﬁ’m’iu‘%amlﬁaamﬂiz@ﬂLﬁamsmﬁmﬁa%ugﬂ (Restructured meat) Fsdmdunigiiia
warliiumuilednifiduingiumagn venant fflssnuiinsld Tease 1nidonmylu
nsuAngnIulafiunaundelmfsunaslsdiyilildnansusifiidodudad uldnsendnsly
TGase laiiuAuudauss pudanguvenas Wvaudfngdutuasnsuugdnuunie
dudla vilvldneawmlnuazanssfaddasas (Buchert wazae, 2007)

2.5.2 \ndg

inFefildlunisudssuidedniazeglusuindeunaviondelndonaaslsd (Nacy) &
ununuazauddlundnsariifednsdiadu iesnnindemiilunisazarewanlalell
Usaan3lusiu (Myofibrillar protein) Fudulsiufiazangluiindedwanonnuanunsalunis
duhvomansns uarmsisindednaden1de wiogaunid uenaniindedsdssarosan
Yosnandud (Siegel Lagpug, 1979)

2.5.2.1 unmvesndeTidnasenan muemAnSusiiodn i
1. indefiwanonisaninlundnsasiuazvinliussiuasalufia (Osmotic
oressure) YoswAnAnaiUdeuly A1 Water activity anas Ssilnasienmssudeniseiaivinves
aunsduazlesnumsiunde
2. ndevilvindndasidsaudn salivsun wazdvedouns (Lean meat)

a ¥

fiden Aanihvewdnduaiielgy Wilunfisussousdeguilom

a v d' d' v
2.6 9MUYNNYAVDY

Dimitrakopoulou kazauy (2005) Wag Yang hazaty (2019) Anw1Nau0In15HY
woulesl nyudnganfivua (0 U/g waw 3 U/g; 0, 0.075 uag 0.15%) nuli dnaseiiledudaves
1% | 1 < 1 | ‘:4” . 1 a
A29879 lagA1A21uKLg 9 (Hardness) A1A210L U ULT ® (Firmness ; F1) A1n15tn12/A
(Cohesiveness) A1ALLALLLA (Chewiness) kavA1AINEAnEY (Elasticity) HAgey Tuved
AN158RA (Adhesiveness) anrnas A1 cooking loss wazAd (L*, a* way b*) lalasuluas
deanududuvedeulsingudnaanfiiuaiiniuain 0% u 0.15%

Dimitrakopoulou kazAuz (2005) Way Lee uazany (2017) Anwinaussnisiatoulesl
wulginswdngmiwasiuiuindenseauanududununnaneiu (0.15, 0.30 uag 0.45 M ;
1% waz 2%) daHaliAdETaluNMSAnIaATY Fasgiunuidutuveunieninvauazey

7 0.45 M wagnsldseauautuduvonniogedanalia Cooking yield (%) @971 uag
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Wieanuiduduveandesdliu (2%) dawalirianududuns (@) a1 suzfidiruaing (L) way
i 2 o A ° va 1 X X v Ao
A1ANUTUEMERY (b*) anrnas uandliiiuinieTusuddiduns
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uni 3
aunInluazIzn1smeasy

3.1 dngRuuaza1siall

3.1.1 WAy

3.1.2 @156

3.2 gunsal

dolawrwmdons 3 sumdandnile (Houns iefiuties waziiovss)
(annsaflaiile SsminuasUsu)

\n@e (Sodium chloride; NaCl)

Laui"zjﬁﬁ/l'i’mﬁﬂqmﬁt,ua (Transglutaminase, TGase; ACTIVA TG-BP) ﬁﬁ
wulmiiuiansed 0.5% (U3Eh o18luslurliy Wiemelng) in)

nsndansnIvaYy

@915 WAAT7 Fedumsnauszninsaeuivesdaa (Cusoy) uas
Tnunageudainn (K,S0,) ons1d1U 1 : 9
ansavandladoslensenludidudiy 20% waz 40% (Inevmidn)
ansazanensauesnidudiy 4% Inethuiin)

ansazatensanAeauy 0.1 ueswea (agumin)
Unsdendiwesniqaiiion 40-60 ssrivaidea

vhndu

nsalalasnaodANTY 6%

aIUANITUA

asavanelapenlansantoniiudy 10 M wag 1 M

\n3osTniieduila (TA XT2i, Stable Micro Systems, Surrey, UK)
WITALUYU Warner-Bratzler WUy Cylinder wag self-tightening roller
grips

NUHNTINTTUBNNANVUIALHUNUAUGNAN 5 LUURALUAT Uazed 15
LYURLUAT

ﬁa‘ui%lﬁ’] (Electric oven)

Iﬂ@@ﬂmm%u (Desiccator)

ﬂwuzazqﬁlﬁamﬁm%’wﬂmm%’u (Moisture can)
wSeadslnihednanden 4 fum

1ngoulusau (Kjeldahl flask) vuna 250 daddns
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vIngULL (Erlenmeyer flask) vu1n 250 wag 500 Aadans

Ulavuia 5 wag 10 Uadang

UIAvUIA 25 Hadans

yagoolUsAu Usznoudie 1ngey (Heater) kazia3 osdvulansn
(Scrubber)

@mﬂguiﬂiau Kjeltech system distilling unit

LA

DBNINTDUR

w3 aatanuuaziBen (Analytical balance) anunsas uAiazdanls 0.1
Hadnu

IO@Jmmms?}juﬁﬁmsgmmm%uﬁﬁﬂw%m%mw WU FaN1Lea (Silica gel)
ALAU (Tong) dMSuTUAEHT

faile

windMsUYLAS 8aae (Marking ink) vilaviuainudeu d1msuvin
i3emny si3eLTeuaviitioun saltuinnmiines suntazgainlnd
melunun

sl 3o lfimnuieu (Hot plate) AfimesTuaunnaiuguaiy
Soulvinad

7I919%UU 3 21 (Tripod) ¥dnewndn

gnaloth

\3eein pH

Yaannyondian (Soxhlet apparatus) wioudiurda (Thimble) wag
ninaslugiu

boiling chip 31131 2 Lfin

HunterlLab chromatometer

gaanafndUaenlndiofau

Y @
AU
Y

3.3 UNBUKALITNITNARD
3.3.1 M3ANY129AUTENIUNNAANLAZAN BAIZAMNTNNINIEATNVRIAELLDLA

110810 UalALAwNENT 3 ALUINaULte (Hawnd iafiuvsswaziiouss) Ala

nannsailaiia JImIAuATUTN 11YIN1TIATIEYBIAUTENBUNILATLAZENY UEAMNINN

AEANAIRD LU
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3.3.1.1 asrUsznoumand 18un AuTu (Hot air oven method ; AOAC, 1999)
TUs6 U (Kjeldahl method ; AOAC, 1999) sy (Soxhlet apparatus ; AOAC, 1999) LazLa
(Furnance ashing 600 asagal@aa ; AOAC, 2000) 1agiio lATIEAAINIANLIN

3.3.1.2 A1 pH (Wattanachant agadg, 2004)

¥msiaseflagldiadestn pH thdnegumilfdudedensu Tnenswa
Fetndu hEn 1:5 (wt/vol) fregnadinunistaludlududs thluvnsSadeniosinan
pH laglgminnseiusizuin

3.3.1.3 AR drip loss (Kaewthong WazAz, 2018)

thiedailelmrwmdens 3 duminduie Ao ouas Weftures uaviile
dos wdialsidiuunn 15 x 3.0 x 05 iufiuns dauthfegsdounasndinsunifuiigamgl
4 eswnwaldea Wuan 24 alug ﬁwmmmﬂ'mugm%’aEJazmigmﬁaﬁmﬁmé’qmiLLsu'Lﬁu

A fesazuesnsgadenl (% Drip loss) Avaunisaaluil

Drip loss (%) = (wtinneuwdidy - dwdnrdadu)  x 100
P nnAeuudu

3.3.1.4 AR cooking loss (Kaewthong iagmeug, 2018)

o i ‘g :.’I o ! ¥ d’lj A d’lj 4"1 d’lj v dy 1 Y 4

degaiilens 3 Muntsnduiile Ae Lound iauvies uaziilouss undnly
flawn 1.5 x 3.0 x 0.5 wufians Jaumindled1snouiluussglagamarafinuuug3uden
nuuddaegllnuioungnmgl 80 esmwaed WWuian 10 Wil disieg1an1ends

mslianuSeusnanaamgismeuniy Wisegnlgumaliusyuna 25 = 2 sarieaded 91nUY

nnsdudeglnuinenszan vty watfegaludaiminuaenisingn Auiamiaie

aznsgeydedaminunainislieniuiou (% cooking loss) fsaunisselyil

Cooking loss (%) = (Wmtnneulmuiou - indanasliausou)  x 100

Yrndnnaulirnusau

3.3.1.5 Ad

o w | & A a & 1 A v ' ) A

U19198 19010 8 lALAYLAA DU LASIEV ANE N 18LAS 897 AANE (HunterLab
chromatometer : DP-9000, RESTON, VIRGINIA, USA) Tagld sensor D65 51891UANRI85EUU
CIELAB (L* = A1A0a714, a* = A1enuhdudnnd wag b* = Arpnududiuies)

3.3.1.6 ALSIHANIULLD

Y1520 UBLALAYMADNY 3 AIWAUINA1LLLD AD LHBLAY LHANUYIBY WaLile
U9 URALALUUIN 1.5 x 3.0 x 0.5 WURLUAT YINN15ILATIZRALSIFAN1ULL D TaeldiaTeq
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(%
(Y

Texture Analyzer (3u TA-HD plus, Stable Micro Systems, Surrey, UK) Ainfsgunsalinusisn
WU Warner-Bratzler wagld load cell aua 100 kg Tnefinsdsainisin

3.3.1.7 MTIATIZUNEDA

TUHUNINARBILUUENANYTA] (Completely Randomized Designs, CRD) i1
MFIATIEA 3 91 dmsulnssimaaiiuas 10 91 dmsudmseinismenin Sieseiaany
wU5UTIU (ANOVA) uagiUSeuiisumnuuandnsresaniadesae Duncan’s Multiple Range test
(DMRT) Aissdiumnuniesiudosas 95 (p < 0.05) Inglusunsudnsagy SPSS

3.3.2 wavasUTunanaulainsudngafiuadendndnudiiioladugulnianniiow e
L8
o a dy r-g 1 dy d’lj d’lj ¥ dy 1 o d’lj LY b4
mswseuielavusUinianniavileuns leiuvieaziilouss Inetiielaundalv
fyue 1.5 x 3.0 x 0.5 Wwudiues 3ndusinisnseuilelaiusUindlagldusunannie (1.5%,
w/w) wazteubsdnsudngadwaluseauiuandaiu aun 0 (@aseiuau), 1, 1,5 wag 2%,
w/w L8vnsuIadunal 4 uil mﬂﬁfuﬁwmﬁuiﬂiuﬂmaiﬁﬁmﬁmqmzuaﬂﬂammmLﬁu
HUAUENAY 5 louflang aze1d 15 19ufns Lmemiumuammmm 50 peA ALty LUy
1387 30 U mﬂuuhmwmammLﬂmua‘[ﬂmuiﬂiwwammm 80 DIATALTHA JUNTEI
Qmmumaiwuumammu 75 ssmiaudua viansangamnginiendnisiinudeulaenisiiu
Mograneligamll 4 ssrwaldya aunsevsaamnilngluiiuilewinn 25 « 2 ssrwaldea
o a 6 a U L4 dglj a ‘g Y 1 a’lj
MslesgigunnndasaeiielarwmvaetugUinidedeluil
3.3.2.1 AATI¥MAT cooking loss taz total yield (Kaewthong lazaaly, 2018)
Falmilndieguilstugunounazndinisiiauieuluduneunisnivuiile
ladusUlmianniawilouna ieiiunes waziilauss Muamadesaznsagidgdmvdnudang

TianuSou wagATorasNananiinue (total yvield) Asaunisaaluil

Cooking loss (%) = (Umtnneulamuiou - iindanasliausou)  x 100

Ymdnnaulyanusau

Total yield (%) = (Whudnuddlianudow)  x 100

1%

Ymunnaulinusau

3.3.2.2 AN

ﬁﬂ(ﬁhafjwLﬁa%ugﬂuﬁﬁLﬂsﬁsﬁﬁﬁﬁﬁaEJLﬂ'%Iaﬁmm% (HunterLab chromatometer
; DP-9000, RESTON, VIRGINIA, USA) Taele illuminant D65 $1891UA 18 2852 UU CIELAB
(L* = Aiauadng, a* = Anenududung wag b* = Aranududiuded)
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3.3.2.3 dnuaiziieduila (Texture Profile Analysis)

thiogadletugindalifioun 2 x 2 x 2 wuRiues PnduthuTinseide
ﬁuﬁaﬁqquﬁﬁaﬂﬁaEJIG]EJWL?]%‘I@Q Texture Analyzer (34 TA XT plus, Stable Micro Systems,
Surrey, UK) sgwinuuy Cylinder ﬁﬁLé’umuqua‘ﬂammﬁu 5 WURALLAT YINNISNARIDEINAIY
sa¥afl 509 vearugetededudiu Tnsnsimunsssznatseninentsng 2 ada Wuian 3
Juni wazanusilunisne 2 Gadwns/Aud srearunatduainuwds (hardness), A1N13
LA1ZAR (cohesiveness), AIAIALAY (springiness) LavAALLAEl (chewiness)

3.3.2.4 ANN58ARANY (Binding strength)

dnawmioladugUlndindalildauwn 1x 10 x 1 wufiwns aanduriinig
iLmﬂsﬁmi%ﬁmLﬂmﬁaiﬂ%ugﬂimj Tneldiedeioiiadutia (TA XT2i, Stable Micro Systems,
Surrey, UK) aaiin self-tightening roller grips

3.3.2.5 MTAATIRANWEDRA

TUUHUNITNAGDILULANELYTS! (Completely Randomized Designs, CRD) ¥
MsATIEs 3 9 dmsudesisimaaiivay 10 471 dnsUTesizdnaenienIn Jinssiaang
WUSUS9U (ANOVA) wagtUTeuiiisupinuuandisuesanaiesis Duncan’s Multiple Range test
(DMRT) ) Miszdiuemandiesiufesas 95 (p < 0.05) Tnslusunsuduiagy SPSs
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UNN 4
NAN1ISNAABILAZIRTA]

4.1 HANIINAADY
naufi 1 msﬁnmaqﬁﬂiznaumqmﬁLLazé’nwmzqmmwmqmamwwmLﬂmﬁaiﬂ
perUsznoumaaiiland aaudu Tuu Tsiy wandn veuilelmawndedildandu
yoaiount Lol uienasideyes uanaiIniseil 4.1 99nran1sNnaanUIn LAwLl eunad
mmﬁ'ﬁyuqaﬂ’jﬂLﬁwﬁamﬂmmaqﬁaﬂaqLLazLﬁaﬁuﬁaqasmﬁﬂ’aﬁﬁggmaaﬁﬁ (p < 0.05) lag
weilonnillovssnazifeiuviediUSunumintusemanaudisu duvesSmandniiuudldy
Wlufiemafenduuiimenudu nuindoimuwnion m‘t‘f@umﬁﬂ%mmﬁﬂqaqm (p < 0.05)
IummzﬁLﬁwLﬁamﬂLﬁadauﬁaﬂﬁﬂ'%mmﬁﬂﬁaaﬂdwme'juat,lmLLaxlzu'LLmﬂGmasmﬁﬁfaﬁﬁzyma
adfnnAwdoiuros wasdloRiasanySunalesy wuin tewiesrnidefuiesiiusunalusiu
qaa@LﬁaLﬁauﬁ’UmwﬁamﬂéauﬁaﬁmLLazLﬂf@ﬁuﬁaﬂaEi’mﬁﬁ’aﬁﬁmmqaﬁa (p < 0.05) TngLey

q o
Y Yy ¥ Y

donnidlefiuvies Lilees uaziouss fuTinaluduegi 13.46 8.22 uay 3.88 auE1dy 1WA
nsnaaesuansliiiuinauiloduiivinaluiugusiviinummuduish snnsAnvidey
wiiwes Oh wavany (2016) SrafnwilUlufianafersumsineil wui deladiuiiuiesd
oglnddummih (Brisket) fUTinalastugsniniloasinnaiuuu (Top side) uazdrutias (Shank)
uanINtl Seong oz (2016) fmud Liloduiiuiosdieglnddiurmiwendedh (Short-
plate-brisket) fUSsnaulasiugs (12.14%) niduzeniiody (5.27%) wagiilavss (3.41%) wuriu
uana Nt Li uagame (2006) wui1 YSnaenuiuiieuduiusdvliualutureniela
Tneidloduiifivsunailviiugaasiivimnumoinudust) swdsznaunaniivoailednifnanan

[

wanvaedade laemngusunalusiu Usinauneaanau wasusunaledu dnaunananenug
sEUuNsLies 01gdnd 01ns usiu (Wattanachant wazanuy, 2008) uenanfivsinalusiude
WuesrusgnaumaiaiifidAmreaiednisnesruseneunile Ing Fennema (1996) 18971
Weladivsunalusaulnaifesiuilovyuasiiaung Tnawlieladusinalusiuedil 20.78% nwa
1 dgl/ | a A a d! 1 | 1 a o o W aa
nsnaaeInudl i ileyslusunalusiugedn (p < 0.05) Fsliuwansiseelifoddgvneata
& = A A a =
NNAYaLAT LTpniAwilauasluTinuneaa1laugs (Seong Lagamy, 2016) FIABARLIY
WulusiundwalirwsidoussivsunalusiubivanarsegeiidedrAgaindusidown e Tuvugd
X X v A a ) = 1 v a o & X v da a
wwiloiuvipeliUSunalusiumandsaenndosiuusunaluduvesaviloiuvioiiusunugsn
o a & & o cwua a a a
AR50 4.1 wenanndaaunmvesiledaidulinaunanUsunumeaanaunazUsunalulelnatu
luillodnd INNANIIMAABIYRY Seong azAny (2016) WU LaUellUSUMARAALAUEIER
(p < 0.05) Inaiiodu shoulder-chuck-roll, shoulder-clod kagdIUD U T9IAINIAIUEINU
TurugN UTuuAaaIlauTestiladlu tender-loin, loin, strip-loin, top-round tag outside-

'
Ly [ =

round Lianagee1didedAny Fanunanasiuespoaalauluilodiunieeg du dnaniain
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M9LAEEULINIINIBAIN WATIINNANITNAABIVEY Putra kazAME (2017) WUT1 Saanen leg,
Saanen shoulder, Boer leg wax Boer shoulder fUSuavaslulalnadui luunnsisogned
HodAny

MNANULANAYRIeIRUsEneumaaiiveaiielalundazdiuainnsdneunionaiina
nsdnunraunmvenielatusulninnidormunieluneuseld

Table 4.1 Chemical composition of trimmed beef from red meat, plate and shank part

Samples Moisture (%) Fat (%) Protein (%) Ash (%)

Red Meat 75.37+0.65° 3.88+0.02° 20.98+1.66%° 1.06+0.15°
Shank 68.17+0.77° 8.22+0.19° 24.46+1.80° 0.76+0.14°
Plate 65.11+0.39° 13.46+0.24° 18.23+0.53" 0.78+0.05°

*“ Means + SD Different superscripts within the same column indicate a significant difference (p < 0.05).

A1 pH Aussii e wasArdveuielamumdaiildandiuiidouns Weituios
waziieuss wanafms1eil 4.2 9InRanIsNRaeHUIY A7 pH TenAmieladmiunsvnassil
ogflutag 5.39-5.47 Taedarllufienadeatuen pH veadiolafisieaulag Ramsbottom uag
Strandine (1948) F9351891471 A7 pH iifelaarnvanuanasumisnauiiefidn pH aglugas
5.4 - 6.0 Inennuanisneasslupdell wuin eituvedien pH g6 (p < 0.05) duAmEaun
311 pH ﬁlnjLmﬂﬁiwqaéwqﬁﬁaﬁwﬁ’@mmaaﬁummﬁa‘u’aq Seong warAME (2016) Na1731 pH 7
wansnafuresnduifousardauiinaniananauansisnsiauniean Uinalnalawuiiayay
Tundaile wazsnsmisaanadvesinalaausiufaziumanasiie i1 pH vosdiodniass
wa&iammmmsaﬁlumié’mﬁw (water-holding capacity) vauiiod®s Inemnen pH vesiiedns
Flndan isoelectric point (pl) veslusAuluiiodns (pl voslusiuludndidounsdiduszana
5.2-5.3) azdswalilsAuludednidauansalunisdutiansias (Cheng uag Sun, 2008)
INNANITNABDIAT pH TenAmE eI 3 %ﬁmé’qﬁmﬁqqniwm pl vadlusiuludniidouns fafu
mmmmmlumsé:mfwmL‘ﬁaﬁaﬂénmaﬁmaﬂswummﬂm pH oy

duAussfar L uile Wevssllaussinruguilegegaogdtsdidynieada
(p < 0.05) WlaWSsuioutummilounasimuiofurios Inowmuilounuasimuiloandqu
voudlefiuviosdidusiinriutuiesesaunnudiu Tnadefiuiosdaussiniuimieman
FuAwidevssiimussianutuiots 43.49 kg Turnsirwilounsuasiruidofutiosdinussn
NuTuieIies 13.36 way 3.57 kg MudRU Snnan1Iaaesnananidetesduilod
fivsinandodoioaiu (isia) egluviinagenindeunuazidoniufios :nn1sAnyives
Ramsbottom wag Strandine (1947) wuin iileluduvesidevineudns (foreshank) fidusssa
NuTuielnas 12.7 b. (5.8 ke) %qqmd%ﬁdudam@uﬁaﬁu (round) FidALs AR WL e
18y 3.6 ke uazilodesiusinansnozily hydroxyproline #udunsaezdlufiluasduszneu
Mé’ﬂsuamaamLauﬁaaﬂmﬁm?faﬁmﬂ’uqqﬂ'j'nfaahuLﬂfaLLma TagunAusunumoaataulu
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dy v A 1 1% dy U L% QII dgl’ dy % a A
Wednilnasionunmmesnuiieduda uazainuan1sveasdlunisem 4.1 ieiuvieadusuiu
lofuuesdusznovasdn wWudediunssenuues Seong uazay (2016) Fsnudnilodiuiu
14 dy Y 3 o al Y 1 L3 ::‘l’ o caa 1 dy LYY
viewauilednfinsdusznavvetluiiugs Insundluiuluesdusenevluiledniniinasde.odudla
Y9403 InganunsatieuTuusadnuusnei L leduiaveswdnduelviianuyudu (Fortin
wazAng, 2005) asnludiulinnuaiunsadisdsuusaimeinuanyueiledula sauid iy
AU LaiinaNveulnesliunnansuailednils (Muguerza uagmug, 2002) uraealsh
- o S S A A o o
muUsunalvdunadundutlodidmarianiuaiuisalunsdudiveatlodnd wesnnlududu
6 d‘ ra 3 1 LY L% a g b4 d’j L% Y = 1 1 = 901
peAUsEnaunlidvs larunsaduiulusiunazunlaluilednils Jedamarenisgaideuiuag
ludusgninansudsguillednd Akinwunmi waganiy (1993) stenuitadniendvsualuiu
wnsngeazdnisgadeludussninamsvingnunnninawniedaiivsinalediuunsndt uazille
- s X & & -, : : o =
W1301AEv0 Bl AAMIADNUIT W ilaaInioNuYollnIANadNs (L*) wasAinulud
Wiaea (b%) gegn (p < 0.05) TnsliupndnsiuegiidudAyniadannwiowns lurueiey
Woandruvenilousliainuaing (L) wazarmududindes (b*) a1an 99nNan151naes
Y & 1 & d’lJ dgll v a o @ A ! 1 & 1 & X v =
uanslmiuavilownauaziAviianuolan vzl UuaLMa 191NN LoEeY Lol uvodl
Usnadlvdudussdusenaugs femnsnd 4.1 Ssdawarorianuaing (L) seummidoiiurieanas
A deaud ug uenantannuanisnaassiuuldululuianiadeddu Jung uazamy
(2015) wu31 AaLANEsvesAI dlurnillodugiviinisainuus wuan A1Auluduas (@) veq
z 41 1 = _ 200 \L=/t —y L,
g1niiloludiuves iaduly (Ansim) waz ifausiaunialng (Moksim) danaeniniiediudug
o9l dBEAY kazAIANEIS (LX) wesganiileoludiumes tladulu (Ansim) taduuen
(Dungsim) vlaviagaunn (Yangiee) wag 11 adlase (Kalb) geninginiiodiudus agadl
Wodany luvagiennideludiures Satae dataududuns (a*) uazA1auadng (L) findn
Weasuiveinide diuduq sdrelsiniuarnnududing (3% vee 1ouos (Satae) uaz
Woazlnn (Udun) luuansisag19iiuediAey (p > 0.05) Putra kazamy (2017 ) 51897477
(% 1 dn‘/ o caa a Y = 1 | 1 1 a o o w dyw = (Y
Aegailednindusutuledugs Inaderiariuaing (L) egedidedidy wonanildaidade
¥ d‘ d‘ a = | I d' QI -él dnl/ v 6 1 | £
ALY NeSurgisAiaiuadng (L) Mviuasduluiodnd 1wy annuwdsusiuvesAInunesa

feoanTauvadiulalnalu

Table 4.2 pH, shear force and color of trimmed beef from red meat, plate and shank part

Parameters Red Meat Shank Plate
pH 5.39+0.03° 5.41+0.02° 5.47+0.02°
Shear force (kg) 13.36+0.60° 43.49+5.01° 3.57+0.88°
Color L* 40.89+2.07° 34.57+1.24° 40.06+2.86°
a* 18.67+2.05° 19.47+2.66° 20.44+2.55°
b* 15.12+1.93% 14.16+2.15° 16.67+1.90°

*“ Means + SD Different superscripts within the same row indicate a significant difference (p < 0.05).
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/1 drip loss wazAn cooking loss Taaiiolmmumdedildandinvesiiowns Weiuvies
waziiiotes uLanRin1s19d 4.3 ARansnAasINUI Wwieanadiuveniefuroden drip
loss gs&n (p < 0.05) Tnewrwidenndiuresieyodien drip loss 5898917 wazAvounsiien
drip loss ﬁﬂqm Taeein drip loss veaiiara 3 vila Suuldululufiemadioatiud cooking Loss
Fenutn imuileanduveadefuiiosiian cooking loss gen (p < 0.05) Turasfiruieyos
waviAuLl ounedlen cooking loss RN AL 991NLE BdIUN U D1 uaz AN cooking loss lai
LLMﬂmqasmﬁﬁaﬁ’]ﬁzgmqaﬁaizmwl,wﬁaﬁaqLLazmmﬁaLLm A1 drip loss kagA1 cooking
loss ‘u'waﬂﬁammawmaaiumwiuﬁwmaaLﬁjaszmwﬂmvdLﬁuLLazisijmﬁﬁﬁqﬂmuéwﬁu
(Honikel, 1998) psanansalunsduindunnandaiidey Wesninanszronmnmnisiu
Wil M warmealsramduiaveswandaeiideda’ uavdsinansenusonandndiezldves
nanfuaiilodns e?fﬂﬁwamwrum'amafﬁiiﬁ'f\]ziéfﬁuawiﬂizﬂaumisg’mﬁmmﬁmﬁmsmﬁyaﬁ'mi
(Cheng waz Sun, 2008) AnRANINAR0lUNISANEE Landlssiuln wwidodudt usieadl
panansalumnduiiininidediudng iemnanimuiediuiiuiesdiusinalumudy
peAUsENOUgININEILDUY (1N39f 4.1) Faladeanesruszneunmeiuaivenidednidedy
ﬁa%’aﬁﬁwﬁ@ﬂa%’suﬁqﬁﬁqmaﬂiszwiammmmaﬁﬂumiéuﬁwmLﬁaé’mi (Cheng wag Sun,
2008) lun1angusg miqiyl,ﬁmfﬁzm'wmsﬁwqﬂ (srufsiimidudanusznev) wazlut
(Sorapukdee Wag Tangwatcharin, 2018) maqtgﬁ%mwmﬂﬂaﬁuﬂfu arursaviliiianig
Wasuuladlassaisonidednd Savdmaliiianisguidedisznininisvnan (Honikel, 1998)
Tneflusiululelal vsaarsuarlusiuenslanmainiu asgnvinarsesanysaifigaungi 80°C
way 70°C MUa1aU (Kijowski ag Mast, 1988)

Fafuszninantseunavnisiianudeu il edrunuvesd wusualutudy
asfUsenougsislianunsndusulsfunasiildludedndld Fsdmadomsandeduayl vy
searinamslianufeuss dauawiadiuvssiossusznouvasnoaniiaugs (Seong uazany,
2016) FaflauansalunsiiviluiedndsemisnsduuuudulSmdmaliaviodu
UoadlA drip loss qmdwmmﬁaum wiegtlsfinumeaanaudanalildigadeseninansly

Ao Fsdswalitan cooking loss YadtAwipURIlLLANA1ANLATLLBIAS

Table 4.3 Drip loss and cooking loss of trimmed beef from red meat, plate and shank part

Samples Drip loss (%) Cooking loss (%)
Red Meat 1.70+0.57¢ 36.71+0.62°
Shank 5.50+0.53" 36.64+1.30°
Plate 6.37+0.38° 38.32+0.87°

““ Means + SD Different superscripts within the same column indicate a significant difference (p < 0.05).
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=] ¢ ¢ a ' a o ¢4 X ' & =

naull 2 wavasUunaneuleinsiudnganfiuadenaniuiileladugulndanniairwinie

A1IN1sEARAY (Binding strength) vauilalatusUlnianilemumnienliaindiuves
ds‘u d%’ ds‘u 4 .:3’ 1 Y a = ] % s 3
Wouns e uriowasiiloyes Ingldusutannde (1.5%, w/w) sruduteuludnsiudngen
i walusgaunuana1aiy taun 0 @nsauan) 1 1.5 uag 2% (w/w) Laniian1san 4.4
! & & i & a i = UG ¢ ¢
NNaMINAaeInu WelptugUlminnawilens 3 via Aldanzindowslildioulednsud
namdiua (0%) lun1stugdiainisasineign (p < 0.05) Waisuiunisldeulesinnaiiy
v v Y a ] % a o & £ ' & A o ¢
Wudusuiuinge lnernisiafaiuveailoladuulninnaviiownsiaziioussmeioulsli
JEAUANMITNTY 1-2% Henaandnawilelaiuglgnsnivau tnenansenfnvediielaguguln
& pd 1 1% ¢ 1) v v = ' ) | I~
LAY suntaviiouesnlstoulgdi seauanutndu 1-2% ludanuunnaieiueged
WedAgyneats wenainiianisdafniuveailoladusUlnianniawileiuye iy lduiudy
4 a ¢ ¢ A a X P ¢ ¢ a < eal o v A
WeUSunaeulesinsudnganiliuaiudu Wesnneuleinmudngadiuadueulydnviwig
Uszanuszminsansvesiusiulailulassasrsvesiusiiu (Protein networking) Niin1sdnfnuasil
AN ITININTY (U316, 2547) Tnen1sasaiusedisenin lendasuwnuuingnidaladuy
(E-(Y-glutamyl) lysine bond) s¥n3nensnerdilunaaidu (glutamine) wazladu (lysine) 7
wineagluanglusiuvesiiadni (Yokoyama uagansy, 2004; Dimitrakopoulou kagAgsy, 2005)
d‘ a dy :’; 1 dy 5 a 1 d’lj ‘g” 1 dy IS =

WeasanilelafugUlnimnavidens 3 vlia wui WelatugdlninniawilownsiifAinisgn
AngeniielavusUlvdnawiiedsuazilionunas IngUndlunisuaniiedusulng indevih
nilun1sasanglaloluiaanslusiueonuiannillownsdsasaieduasulun1sidnfnve@uiile
(Schmidt, 1986) Tuamugn teulgsi vMuu19i lun1sii un158afa e (cross-linking) 9899 uLile
(Kuraishi kagaadz, 1997) meanmvaiiletusulniainiieimwindenliainietswaziieny
viesliAn1sdaiafiudeeninievusulminniawilouns e1adwaniainiileyssd Usununeaan
wugs luvagiiileiuviosdusunaludugs (Seong wagaz, 2016) lnensneaatiaunaglusiull
Hasian1sdaRanaasvesduilalunisnaniiiefusy Sorapukdee way Tangwatcharin (2018)
na1391 Msudniladugulnidesiinismuvaudiunaleiu idewinladuinalunisdanrinans
Enfnvastuileluntswdnilotugulnl egnslsimulunisfineiiidinistafaveailelaugulng
Nnewilens 3 yianusuaneuleinsiudngaiiiua 1.5% dd1nsdafniuasan (p < 0.05)

Y 1Y aa o

waglidunnsinsegaituddgnaiinuiilotusulvafldioulasl 2%

<
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Table 4.4 Binding strength of the restructured beef from trimmed meat with the different

concentrations of transglutaminase.

Samples TGase levels (%) Binding strength (Kg)
Red meat 0 0.24+0.01°
1 0.4320.03°
15 0.49+0.03°
2 0.47+0.06°
Shank 0 0.08+0.04°
1 0.30+0.04°
1.5 0.32+0.01°
2 0.31£0.02°
Plate 0 0.08+0.02°
1 0.23+0.02°
15 0.34+0.03°
2 0.31+0.05°

*“ Means + SD Different superscripts within the same column of each meat part indicate a significant

difference (p < 0.05), TGase = transglutaminase.

[ ¥ ¥ 17
) L

A a o . < = = | =
\lenansandnunziiloduda (Texture profile analysis) vesiolatusUlnsianniilowsy
- w4l & bld ¢ & o L, p AL &
widenlaaindiuvesiionnd ieiuvisaazsiilouss (15999 4.5) wui dnvezilloduiaveiile
ladusUlninldieuledinsudngaiiua dnsdeusdasegeildedidny ieswinlusauinig
W oufnfulagioulwinsudngaidiuaidudis s]nseq (Yokoyama wazhme, 2004;
Dimitrakopoulou tagAny, 2005) FeUSanaaulesingudngafiug 0, 1, 1.5 uay 2% lidwa
AaA1AUEaNE L (springiness) ATN13NNERAA (cohesiveness) LagAIAINLALIL (chewiness)
voutlelausuindaniewilatssetieiideddgy lngnnisdiuvesUunaeulsdvsudngan
a 1 ' | < & & 1 & 1 A a v °
fuadenasion1n3uudy (hardness) vanilalat usulndanniawi staanduuildunias
wudeatunisldusinaseulvinsudngandiuaiiiududamaliriauuds (hardness) wagen
& Y . & & r Y o a a |

AMILAYILA (chewiness) wanawiilounstuiUlniduuiliunias luraefidranudangu
(springiness) ikualduiiady iWeaunaniilelafuguindinisgydeuiseninnmsvigniee
danalvidusuaeguinluieusUlndlaiiudsuaeuley wedusUlninladsdainis
LN1gA A (cohesiveness) L UTULATIA1AIINLTS (hardness) anas d1Uv89AINITINIE AR
(cohesiveness) vaaawilonns nud1 NUTuaeulzsinsudngadiua 2% dA1n1siniein
(cohesiveness) @3n (p < 0.05) kagliunnssegaildodfymisadnanuSunaeuledniud
naadiiua 1 war 1.5% luvasiusunaneulesinsudngmdiua 0% vauaviilonndainis
\N1efn (cohesiveness) adn uansluindieldioulsdinsudnganfimalun1syugUindves
wwilelau azlidnvaudau dnsdafnveduilonarisnvauzuuiomnninaviloladu
sunluldieuludnsudngadiva iesneulagdnsiudngaiiiuaaiuisaviflviiiniuse
E-(Yglutamyl) lysine seminensneviiluy ladu uwaznganiluluilednd ((nsaluazunna, 2556)
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AALLDs (hardness), A1AUEAYEL (springiness), AMNISNIZAA (Cohesiveness) wazANAIY
#eld (chewiness) Tasiamiolatusulminndurendefutiosiuuugaduesaildeddy
dosnniswilennduveniofiutesiuiiviinailusiuiigs (el 4.1) fusinaeulesinud
nganfiiuasazdimnsiafnfudiuiy (s 6.9) dqmaiﬁﬁa%ugﬂﬁﬁhmwmvﬁa (hardness),
A1AINEAE (springiness), A1N15LNNEAA (cohesiveness) wazA1ALAEa LY (chewiness) #n
e wiiflovmaneuludifiutunsBafnvenmuiaiiniu Tedmaron1sBafinveduie
oghaiildtn Fefuidetusuilivsinaneulsiasiadidnuusdoududmetuidodudiadinag
Fafutulasiamensliioulenid 29 lunsudndelafusulminnmuiefiusiesdaanuuds
(hardness) wazALAe e (chewiness) g3@n (p < 0.05)

Table 4.5 Texture profile analysis of the restructured beef from trimmed meat with the

different concentrations of transglutaminase.

Samples TGase  Texture Profile Analysis
foyels Hardness Springiness Cohesiveness = Chewiness
(%) (Kg) (Kg)

Red meat 0 9.37+3.95° 0.7004+0.04°  0.4394+0.03>  2.93+0.48°
1 8.00+1.08° 0.7786+0.05°  0.5056+0.02>  3.18+0.25°
15 7.63+0.51° 0.7942+0.02%° 0.4748+0.04*° ~ 2.47+0.56°
2 3.63+1.63" 0.8424+0.01°  0.5132+0.03°  1.80+1.18°

Shank 0 8.34+2.04° 0.7684+0.02°  0.5042+0.03°  3.26+0.82°
1 6.20+1.66° 0.7644+0.04° 0.5286+0.03°  3.20+0.38°
L5 3.25+0.67° 0.7868+0.05°  0.5200+0.04°  3.29+1.56
2 3.07+0.14° 0.8156+0.06°  0.5278+0.01° = 1.60+0.46

Plate 0 3.73+1.36° 0.71+0.04° 0.43+0.02° 1.55+0.52°
1 6.22+¢1.90°° =~ 0.7740.06®°  0.49+0.05° 1.85+0.81°
15 5.09+1.82°°  0.81+0.02° 0.55+0.03" 1.67+0.70°
2 7.21+0.67° 0.81+0.02° 0.57+0.03° 3.40+0.38°

¥ Means + SD Different superscripts within the same column of each meat part indicate a significant

difference (p < 0.05), TGase = transglutaminase.

AdveutleladusUinianilleimvivdelaaindiuveailouns ienuvisauwaziiloss
Tngldieulasinsudngmiiualusedununneneiu Lanananisen 4.6 31NHEN1TNAABINYTN
AANadNe (L) veudeladusulndaniawdens 3 via uwiliuanaudeusunueulysd

6 a q' 49{ 1 1 dy dy 1 dy g.’/ a Y [
NIWANgAARNTY A1ANEdng (L) veallaladusulndainawilens 3 wia aigieules
nsudnganiiiua 0% dAAuadng (L) gega (p < 0.05) TngAianuadng (L) veuilelaiugy
Tndaniewilens 3 vlianldieulgdvsudnganiiug 1% danliwanssegrslitoddgynieads

AuAANadne (L) veudeladusUlndnldieuled 1.5% luvaeiinisldieulesinsudngan
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fiwauium 2% lumandndelatugulminnmuiens 3 9in dwmalidetuguiidauaing
(L) shan definsaneinrnduiung @) veumwietuzuln wudh Arenududuns @) 8
wnltudsdudeviinaeulssimudngmiaildifuiu (amdl 4.1) lnearanuduiung
(2*) vouawounwuanauniofiurestusulniildioulsd 1.5% darasan (o < 0.05) luvned
deletugulminnamiefuriesiflioulesimaudngaiiua 2% fearamnduiung @) gean
(p < 0.05) pgalsAmuUSaneulsivsudngmiwaildlumstusuidolanniloimvmden
3 wila dawansznusiorauBudvdes (b osunn Tasranududindes (%) veadelaty
sulminnewidouns iawiovos uasmwidofiuios faneglutag 11.19-12.04 12.22-13.22
Way 12.44-13.10 UE0U

MANANTNAGRY A1AINATIe (%) Fuualdfuanas luvaeiiAranandudies (@) 3
wwnldistudlovsinaoulsiniudngefiuafiutuludelatusulminnmuieis 3 4da
wandlidiuimslfiouleimudngmiuainnudutuasdudmalndelatuglnianidoiny
widedidnwarunniudolatugUiminndomwdenldoulsinaudngafiuarinnududy
# (amidt 4.1) TneunfenuiBudussveadolainandunseslilolnaduiioglunduidovesla
devimuiolautusulmifoeulesimiudngmiiug dwalidotuguiinisBeintu (Binding
strength) snduiilelleulesiinuidudugetu uansamnsed 4.4 Wesanieulesimnudngem
fuadueuluivimihiivssauseninaneveslusiusesiussiendasuunuinnganiialady
(E-(Y-glutamyl) lysine bond) s¥n3nensnesiilunaaidu (glutamine) wazladu (lysine) 71
mﬁaagﬁumaiﬂsaumauﬁaé’mi (Yokoyama uagmeug, 2004; Dimitrakopoulou kagpe, 2005)
nsBaRnturauiletugulmidind amaliAnnisgadossrinaign (cooking loss) fuualii
anaudleUsinueududuronouleiifiuty wansdsnmd 4.2 fufudsanmnsoannisanyde
llelnadussviumsvianvesetuzulvald Kim wagans (2010) narririinadulelnadui

[
14 ISy

= [ & o ea v v § v ! @ & o o« & = 1 &
flegluilednianudiiusiuAianutuduns @) veullednd muwmilidlelatugUlnianiile

wiwindena 3 yllafildioulsinsudngafivanenuiduduaidddnvusduninindelaugy
Tyinlfioulesinanududum
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Table 4.6 Color of the restructured beef from trimmed meat with the different

concentrations of transglutaminase.

Samples TGase levels Color
(%) L * a* b*

Red meat 0 48.74+1.33° 5.26+0.11° 11.41+0.11°
1 46.90+1.17° 6.00+0.07° 11.19+0.29°
15 46.79+0.55° 6.47+0.27° 12.04+12.04°
2 45.24+0.82° 6.26+0.31%° 11.26+0.26"

Shank 0 50.38+1.15° 5.14+0.17¢ 12.88+0.42°
1 47.13+0.56° 5.98+0.18" 12.22+0.27°
15 48.21+0.95° 6.57+0.17° 13.22+0.15°
2 47.34+1.06° 6.15+0.20° 12.44+0.16°

Plate 0 48.87+0.38° 6.71+0.31° 12.44+0.30°
1 48.47+1.15° 6.89+0.11° 12.61+0.67%
15 48.26+0.90° 6.81+0.12° 12.64+0.32%°
2 46.64+0.35° 7.25+0.15° 13.10+0.15°

“ Means + SD Different superscripts within the same column of each meat part indicate a significant

difference (p < 0.05), TGase = transglutaminase.

Samples 0% TGase 1% TGase 1.5% TGase 2% TGase
Red meat ’ . .
- 90 ®
Plate g @

Figure 4.1 The characteristic of the restructured beef from trimmed meat with the

different concentrations of transglutaminase (TGase).
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uslsdonlassinsudngaiiiua (0%) Tunstuguiien cooking loss 79aM (p < 0.05) A1 cooking
loss veudialatugtlvinnmuiens 3 vda fuwilfuanasdleviinaiouleimsudngaiiug
it Tasen cooking loss vailelatusulndaniauilounuasiawilouoswioioulesiiszdy
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2018) Madeanmvasiusiuananudeulussrinnsiandmalilesaiiwestuiainng
Wasuwag ﬁafuﬁwﬁaﬁiwfmﬁmﬁmmsqiylﬁa (Honikel, 1998) A nHan1TRABSTTUNTTHAR
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Figure 4.2 Cooking loss of restructured beef from meat trimming with the different levels

a-d

of transglutaminase (TGase). Indicate significant differences in cooking loss of

restructured beef prepared from the same meat cut (p < 0.05).
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Figure 4.3 Total yield of restructured beef from trimmed meat with the different levels
of transglutaminase (TGase). *¢ Indicate significant differences in total yield of restructured

beef prepared from the same meat cut (p < 0.05).
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lun1sTusurveailelarwnionidediun1e laun iwiieuns iawilouss LasiAyiiunies
cgvd o o & & a v vy = 44' I 4 ¢ a S v oA v a
iiledudatuiloweaiulauinay Wesndueulednaudngmlaininuszanuliin
1Assas19v09lUsAU (Protein networking) vinlsilaseasalusfudanuudsused sy n1sld
ulginsudnganfiadmasdailedulaveaiiotugulng ddn1s8adniu (binding strength)
WnTu wardwmaliilotugUindanawilons 3 yila dA1n1saideseninanisvingn (Cooking
loss) anas segrailelimsiniuinbiluiotugUlndlafvu Fsdwmaliiletuguanuas Saneu
& .. a ) < & e v s a ¢ ¢
YU (Springiness) imsfnwiaumiudnasrendednililanvy lnguTimaeuleinsudng
afiuan 1.5% danumngaulunisiianldlunimdaiatusilminnderwvdentiainiy
Wauns wwtilouss waziawileiuviessaudunisldinde 1.5% annanisnaaeatiuiuledn
wuledl o wdnganiiiuadivszaniamgslunsihanldimuamninvesevusilniainiie
e FeamnsadiuyaaTituiiorumdesana alilueg1an

v

5.2 UdLHUBDLUL

A0 . K Foyy £ < (ul? 3 F

ditleladusUlminniawilowns ienuvisuasilatasnlaainnsidel diludnwise
Tunsuussuidundndoeiomns 1w nsfinwimauetninudeugs (sterlization) siadnuaeznisdn
Anfiu (binding strength) uavamn wretledusUlnainely iielilddunindaeiiie ladugy
Tnindeuuilaanazaunsasvusemulaegrasainmuizdud uslnalugatagdu Snvads
anusaLiagaabiuniielaawnge



31
UIFIUIUNA

NWUANS 1510901 wazidnatad uwna. 2556, louleinsungande. dlinduvgeaimnsy
LnensuuIT neta oLy salvd. eeuladl ta’1a9le’an:
http://www.agro.cmu.ac.th/absc/data/57/57-027.pdf. 6 #aAl 2562.

umSeuasev e umes i mmalulad il ednTuazsndnd ws. 2509 uni 6
n1suagnIsAaue . auzinaluladnisinyasuazimaluladgnainnssy
UNITNe1a 89190 quAsal1ssa. oulaul 11 9la’91n:
http://elearning.nsru.ac.th/web_elearning/meattech/index.htm. 5 fanpu 2562.

umSouinsevedswnesidnmalulad il odnduazudadug. 2569, uni 6 i enn
Auat i ufui i eates. ausmaluladnisinunsuaznaluladgnaimnssy
UNITNE18 85190 quUuAsalssa . [osulau]. tvrasla’ann:
http://eleamning.nsru.ac.th/web_elearning/meattech/index.htm. 5 We @3 N8y
2562.

yyinen Tad. 2502 wmaluladid snasudndmue. ansnaluladnsiness aniy
S1vAuYsyTIngansal lunseususyddud

Ay ey wsafunad wasdfen Saurvuud. 2553. nsgaidoaninsssuvifvesiusiu,
moulaw]. tv1a ela 9710 http//www.foodnetworksolution.com/wiki/word/
0936/protein-denaturation-N3getdgan1nsssuvInvedlusiu. 16 fueegy 2562.

Ruriiiey woiaduned wazdsen Sawrduus. 2553, lassadanasesdUsynouve il odns.
mouladl. 1199laa1n: http//www.foodnetworksolution.com/wiki/word/3351 /
Tnssadrauazdiuszneuveniednd. 5 ganay 2562.

Furiiiey nsiaBuwed uazdSen Sauuuun, 2553, Wodns (meat) looulatl]. Whidldann:
http://www.foodnetworksolution.com/wiki/word/1141/meat. 5 9ianau 2562.

fuiiiey wowduned warliSen Smunduuyl. 2553, naasasiidednd. meulad]. Waiddan:
http://www.foodnetworksolution.com/wiki/word/2805/uansasianiiiodni-meat-
products. 5 AaAN 2562.

WUNLA e WLaduned wasdfen Yaurduud. 2553 nydu. lpoulavl. wndsldann:
http://www.foodnetworksolution.com/wiki/word/ 4220/visdu. 1 weAdn1ey 2562,

grudes Usidl. 2547, teulesivisems. (finviaded 4 aduufudgafindu). nganwe:
AUNNLUALIRINTAINNNINeRE. 323-328. 1 WA EY 2562,

AOAC International. 2000. Official Methods of Analysis of AOAC International. 17th ed.
(Horwitz, W. ed.) AOAC International, Gaithersburg, MD, Official Method 900.02
(chapter 44, p. 3), 923.03 (chapter 32, p. 2) and 938.08 (chapter 35, p. 8).


http://www.foodnetworksolution.com/wiki/word/1141/meat

32

Akinwunmi, I., Thompson, L.D., and Ramsey, C.B. 1993. Marbling, fat trim and doneness
effects on sensory attributes, cooking loss and composition of cooked beef
steaks. Journal of Food Science. 58(2): 242-244.

Buchert, J., Selinheimo, E., Kruus, K., mattinen, M-L., Lantto, R., and Autio, K. 2007. Using
crosslinking enzymes to improve textural and other properties of food in Novel
Enzyme Tehnology for Food Applications (edited by R. Rastall). Woodhead
Publishing Ltd., Cambridge.

Cheng, Q., and D.-W. Sun. 2008. Factors affecting the water holding capacity of red meat
products: A review of recent research advances. Crit. Rev. Food Sci. Nutr.
48: 137-159.

Dimitrakopoulou, M.A., Ambrosiadis, J.A., Zetou, F.K. and Bloukas J.G. 2005. Effect of salt
and transglutaminase (TG) level and processing conditions on quality
characteristics of phosphate-free, cooked, restructured pork shoulder. Meat
Science. 70: 743-749.

Fennema, O.R. 1996. Food Chemistry. 3rd ed. Marcel Dekker,Inc., New York, USA

Fortin A., Robertson, W.M. and Tong, A.K.W. 2005. The eating quality of Canadian pork and
its relationship with intramuscular fat. Meat Science 69: 297-305.

Honikel, K.O. 1998. Reference methods for the assessment of physical characteristics of
meat. Meat Science. 49: 447-457.

Jung, E.-Y., Hwang, Y.-H. and Joo, S.-T. Chemical Components and Meat Quality Traits
Related to Palatability of Ten Primal Cuts from Hanwoo Carcasses. Korean J. Food
Sci. An. 35 (6): 859-866.

Kaewthong, P., Wattanachant, S. 2018. Optimizing the electrical conductivity of marinade
solution for water-holding capacity of broiler breast meat. Poultry Science.
97: 701-708.

Kerry, J., Kerry, J. and Ledward, D. 2002. Meat Processing: Improving Quality. CRC Press
LLC and Woodhead Publishing Ltd. New York.

Kenney, P.B., Kastner, C.L. and Kropf, D.H. 1992. Muscle washing and raw material source
affect quality and physicochemical properties of low-salt, low-fat, restructured
beef. Journal of Food Science. 57(3): 545-550.

Kumar, M. and Sharma, B.D. 2004. The storage stability and textural, physico-chemical and
sensory quality of low-fat ground pork patties with Carrageenan as fat replacer. J.
Food Sci Tech. 39: 31-42.

Kuraishi, C., Sakamoto, J., Yamazaki, K. Susa, Y., Kuhara, C. and Soeda, T. 1997. Production
of restructured meat using microbial transglutaminase without salt or cooking.
Journal of Food Science, 62(3): 488-491.



33

Lee, H.C,, Jang, H.S., Kang, |. and Chin, K.B. 2017. Effect of red bean protein isolate and salt
levels on pork myofibrillar protein gels mediated by microbial transglutaminase.
LWT - Food Science and Technology. 76: 95-100.

Li, C., Zhoul, G., Xu, X., Zhang, J., Xu, S. Ji, Y. 2006. Effects of Marbling on Meat Quality
Characteristics and Intramuscular Connective Tissue of Beef Longissimus Muscle.
Asian-Aust. J. Anim. Sci. 19(12): 1799 - 1808.

Motoki, M. and Kumazawa, Y. 2000. Recent research trends in transglutaminase technology
for food processing. Journal of Food Science and Technological Research.
6: 151-160.

Muguerza, E., Fistab, G.,Ansorenaa, D., Astiasarana, |. and Bloukasb, J.G. 2002. Effect of fat
level and partial replacement of pork backfat with olive oil on processing and
quality characteristics of fermented sausages. Meat Sci. 61: 397-404.

Nielsen, G.S., Peterson, B.R. and Mgller, AJ. 1995. Impact of salt, phosphate and
temperature on the effect of a transglutaminase (F Xillla) on the texture of
restructured meat. Meat Science. 41: 293-299.

Oh, M., Kim, E.-K., Jeon, B.-T., Tang, Y., Kim, M.S. Seong, H.J. and Moon, S.H. 2016. Chemical
compositions, free amino acid contents and antioxidant activities of Hanwoo (Bos
taurus coreanae) beef by cut. Meat Science. 119: 16-21.

Putra AA, Wattanachant S, Wattanachant C (2017) Potency of culled Saanen crossbred
goat in supplying raw meat for traditional Thai butchery. Media Peternakan
40:128-135.

Ramsbottom, J. M., & Strandine, E. J. (1948). Comparative tenderness and identification
of muscles in wholesale beef cuts. Journal of Food Science, 13(4), 315-330.

Schmidt, G.R., 1986. Processing and fabrication. In P.J. Bechtel (Eds.). Muscle as Food
Chapter 5 (pp. 201). Orlando, FL: Academic Press.

Seong, P.N., Park, KM., Kang, G.H., Cho, S.H., Park, B.Y., Chae, H.S. and Ba, H.V. 2016. The
differences in chemical composition, physical quality traits and nutritional values
of horse meat as affected by various retail cut types. Australasian Journal of
Animal Sciences. 29(1): 89-99.

Siegel, D.G. and Schmidt, G.R. 1979. lonic, pH, and temperature effects on the binding
ability of myosin. Journal of Food Science. 44: 1686-1689.

Sorapukdee, S. and Tangwatcharin, P. 2018. Quality of steak restructured from beef
trimmings containing microbial transglutaminase and impacted by freezing and
grading by fat level. Australasian Journal of Animal Sciences, 31(1): 129-137.

Wattanachant, S., Benjakul, S. and Ledward, D.A. 2004. Composition, Color, and Texture of
Thai Indigenous and Broiler Chicken Muscles. Poultry Science. 83: 123-128.



34

Yang, X. and Zhang, Y. 2019. Expression of recombinant transglutaminase gene in
Pichia pastoris and tis uses in restructured meat products. Food Chemistry.
291: 245-252.

Yokoyama, K., Nio, N. and Kikuchi, Y. 2004. Properties and applications of microbial
transglutaminase. Applied Microbiology and Biotechnology. 64: 447-454.



35

% % r\q\“
agnant®

dy 1 dl Y o U ¥ d‘ = 1 5 1 Y o ¥ 6 v ¥
wnanstluenasianulidmsunisidnuienisfinewing eugslnhlulgsslevimunisin

ludnsdllag visdu Snnwvnuillvisaudadiien wagdesdneddiadnveaenarsynasaninisinluly



36

AMANUIN N

n.1 A7uTU (Hot air oven method)

USnauAnagy (AOAC, 1999)
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n.3 lvsiu (Soxhlet apparatus)
A5IAs1eUSunalusiu (AOAC, 1999)
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