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Abstract

In this study, the protocol of quality analysis method of meat and processed meat products was conducted to be used
in the development of various products. Meat and processed meat products have many considerations when analyzing
the quality compared with other food groups. The determinants of meat quality are pH, meat color, water holding ca—
pacity, age, fatty acid composition, marbling, and lipid oxidation. The quality determinants of processed meat products
differed from product to product, so whole meat products and ground meat products were analyzed separately. The
quality—based protocol was analyzed for whole meat products as representative ham products and for pulverized meat
products as sausages. The quality characteristics of ham are measured by pH, color, water holding capacity, physical
properties, fatty acid composition, lipid acidity, curing yield, cooking loss, gel-forming ability (dynamic viscosity), textural
properties, residual nitrite, flavor component analysis, and product yield. The quality characteristics of sausages are al-
most similar to the analysis of ham, and emulsion stability and scanning microscope are measured. Therefore, it is pos—
sible to analyze the quality of meat and processed meat products through appropriate tests for each product as a qual-
ity—based protocol study.
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QIZte] 4iZ FLISH] flsto] thket A 752 A
#oF 5} (Kim et al., 2016), o]2{3t 24 75& K517 ¢
A 7P 83 JYAaE thlE o[t Zhang et al., 2010)
55| od H3e 4439 fA SHolA F8% 840]H
(Jung et al., 2021), THF3t S5 TlE Y-S F45] ATt
of it} 714 thmAol Tz Qle] Al8 W AgylFEo X
Fot A9 depopu|iAto] ERtE|o] 9 Hut ofuzf, FE
7} vlebylo] theF ZEkE]o] QltklJeong and Jo, 2018).

Joe] 9 T2 FAo] ZQ351H(Park et al., 2003), AFFHE]9)
ZJEflof] mbA AR 2 A9 7ER|7F Zpol7E S QUTK(L et al,

2007). 3 A% == FHL 2]80] o4k Y & 489
E4o| 92 € 4 Y= 290o]th(Jung et al, 2011). IHE
2 A5 F42 ot 270 wet Zpoj7t g &= glom, o
A3t 2749 Bxs} U FUsP} 293t 210|tHLee, 2014).
A5 Aato] 8% 4 Q152 TRt 210 wet =
ukg 2= 9l om(Lee et al,, 2010), 0|2 AEE 37| A= A
59| #7ok #48 A EE IRIT & U= ZEEF(protocol)©]

280 EBY g e AXog THsl= HEZQ 24 Q=T 9ot
Aollr] FES & Sl 7159] 70| (Lee, 2004), 4187} Rt AS7MEE2 ARRl ASET obEt, gt 7keE
TEo 299 Ad x|, 7MY, 93} I T S ol & A F9| Ho] oJFle] JIRS E% T UL (Yong et al,
o= AxH 7RSS UiTHLee, 1994). 2020), o1& 2SI 11101oL 7 Sle HESHE B4 Wil 2

pue] 4152 o

A7) s A% At He 7159 A
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sk glout, olo] e Aol HEt HolHE 4] 9]
S chorst A wpo] eSS setst Z47e) &
A 28 4 9l AUES FH) BASA Stk

webd] B Aol A% W Al87HEEC] B BA W
o] meEze Fsl, 4 4
ABEO] B4 B4 WS BLY S Jus 249

=
< e 891 ofsf A=, o= WFA
8213 oA golo g FFR3F 4= QUrh(Lee et al, 2010). 5
A gRlogE= £ Y, 99, A% € THAE 5ol o
=, R gRlog= 7%, YPH, ASEE, &5 1
4 &A43 Z2 A AE 23S E 4 tHFlores et al.,
1999). T2} o]#3t 418o] 7Hl FEGE JYE-S w7
ggo] golotn=, w21 -84l F4 24 wo] 94
THCheng et al., 2015). 4152] 43 B71t 4= Q= 890 ¥
IZEFL Table 13} Zch

A150] HpEls AAske 7MY 5835 %10
Aol 2E9drs dYHF ©
WA = 24 2 A9 9 o 7 gxto] Fobglof wet
3o B3-S YeERHATHHuff-Lonergan and Lonergan, 2005).
o|of|, A152] pH= Ak, M, Tsd 54 9 n|PESH
P 5 FRIIGH 9= 7I%Ith(Lee et al., 2010).
A15:9] pHE 402 5 £740] 7Fs3t A=0] FAH pH
HJEE ol-&sto] S75e oA HAE A% ARE S,
Fole 22 B4 A|(near-infrared  spectrophotometer)
£ 283 pH =49 th(Anderson, 2007).

SA(meat color)

4ge] Mz Au} 482 Aeshe b o] AAE
WS 5 9k 7V BT 89lol, Ea 989 81
ol lojA = 54 AT-Z qTH(Cho et al., 2020). %l
TR A0 MES 2T A9, THA ] B Ak 55
o] ol8} 4189] £A]uko] @:Z&](oxymyoglobin& T-EA]o}
o] 2= Hl(deoxymyoglobin) FE|= HFfjo] &A1 RS
oA HoH(Park et al., 2003). SA83Kblooming)= A5 EA 5
BHE "EAlmteleZ2RIo] X7 JiE F 7159 Ak
o8] AkslEE SAlmloleZzHlo R Ho] o] HEAS
A E= WS Ut (Hopkins, 1996). Msk= A7+
£7 vhgoly] vEo] AF TP A%0] Mz 24 A
S A% & 8P ofof Fth(Pearce, 2009).

480 M BASHe B 9o] 2 F 7H Ao

i

=
od
31
25

B4 st 1A% Pom 18T 4 ok 4B

Q7be] AJZfo] SfEafo] 2189] MEE TEEE WO R 4
wlte] Fololeo] 241 e siol, B3] AU 4
IS 7|ZH(Carpenter et al., 2001). Mancini and Hunt
(005y= HEH o] gt 4 W] 9lo] %, B, X
A4 @ wde] A 9 5o) Bol SRt siick

542 TE) o) o} 8Eie A FAH HhEL A
ZA|(colorimeter)E ©]-&5to] THEsk= ¥Alo] i} BAF S
& Commission Internationale de I'Elcairage(CIE) XA}
Munsell 2AA7}F o]& flsf] &8Hct CIE YAA= ¥=
(lightness, L*), ZM I (redness, a*), TN (yellowness, b*)E
71%2% gt AAA I, Munsell A A= Md(hue, H), 2}
% (chroma, C¥), X (lightness)S 7]&= 2 & $ICHHur, 2010).

Sy, tto] @ 22 119] ARSKEH AFEll(myoglobin redox state)
= ST AFHoE FHo| glom, olF EF LA (spec-
trophotometer)S &-8-5l0] S 42 THHS 4= QJtiMancini and
Hunt, 2005). Bto] =2 R19] Akl-2h Aeo] wh 3=
A7 Aoldltd], HEnto] Q22 W(metmyoglobin)Q] 39~ 545~
503 nme| T, HLA|Ito] FERI] H-§- 565-557 nm, L
Il ZAUo]FERICS] A9 582-572 nm HL|2] TofA
Eo15E 4= QT Tang et al., 2004).

Z5+E H| & (computer vision) WAl HAE 7|2} AFA]of
7|5ksto] SA1S Brlohs W=, 7|29 S whEH I v
st ofg AFo] Qlthi(Mancini and Hunt, 2005). F335-E H]
HE M A vete] TAE ojolAz Auke HelE 5 9
of BEolT, 4% Eie] ol eZRulo] AshBe WSS
oju|R & 2RI 4 = Aol Utk O'sullivan et al., 2003).

riu

H=a3(water holding capacity)

A0 oF 75%9] SRS GRSk 9T, T F tREe 3
o W Aol SRSIL oF 5%9] Agz FAEol 9ot
(Huff-Lonergan and Lonergan, 2005). A4]8-9] B8 2 A&
% Tl Wt A 9 o] GG Fol 489
52 E20) 92 vzt Bowers et al., 1987). ESE &
AZ] &t 72 Aol 7] vzl 4 A SHoAE A
9] H5pEe w9 a3k gQlojth

2150 B4 4 W v wd tofolA] EXs, 37
A4 gl 72 574 "ol AtHOswell et al., 2021). 214
A 27 wlol Be)H A3E Y8alol 489 HiTlg 1
7Fek= =8 &A(drip loss), 7FE Z4e(cooking loss) & 8]
S expressible moisture) S 50| JoH, 7HHZ =74
HiHo|ls Bagele 0] 85te] H4ES A= visible-near
infrared reflectance(Vis-NIR)2} nuclear magnetic resonance
(NMR)S &85t =4 50| UtHOswell et al., 2021).
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Table 1. Analytical protocols for determination on quality characteristics of meat

Meat product

Experimental items

Principles References

pH

Direct puncture
method

NIR
spectrophotometry

Determining pH of muscle homogenates using pH

meter equipped with electrode. Maki-Petays et al., 1991

Different chemical bonds absorb or emit different
wavelengths of light when meat is irradiated by
continuous near infrared light.

Anderson, 2007

Traditional visual color

Color Direct assessment of meat color by human visual
appraisal, Carpenter et al., 2001
Instrumental color Wavelengths absorbed or reflected by light striking Hunt. 1980
meat surfaces by colorimeter. ’
Myoglobin Wavelengths for determining myoglobin redox forms
redox forms including metmoyglobin (545-503 nm), deoxymyoglobin Tang et al. 2004
(565-557 nm), and oxymyoglobin (572-582 nm) using 9 "
spectrophotometer.
Computer vision Computer equipped with a digital camera analyzes -
meat visual Color. O'Sullivan et al., 2003
WHC Drip loss Measuring the contents of released water from myofibrils
or intracellular space to extracellular space in meat. Brown et al., 2000
Cooking loss Evaluating the levels of fluid released from meat after Oswell et al. 2021
cooking process. v
Expressible Measuring the water retention capacity over the course of Oswell et al. 2021
moisture processing and post—purchase by consumer. -
Vis—NIR To characterize the interaction between electromagnetic He et al. 2014
spectroscopy radiation generated at specific wavelengths (400-3,000 Prevolnik et al 20‘10
nm) and the physicochemical properties. v
TH NMR The characterization of the dynamic states of water by Brown et al.. 2000
transverse relaxation time using NMR. -
Tenderness Sarcomere length Light interference of meat irradiated by helium neon

Warner-bratzler
shear force

laser. Koolmees et al., 1986

Novakovi¢ and
Tomasevi¢, 2017

Measuring the maximum force as a function of V-blade
movement and the compression to shear meat samples.

Fatty acid profile

GC analysis

Released free fatty acids require to be transmethylated to

form fatty acid methyl esters. Fisk et al., 2014

Marbling

Visual appraisal
Chemical analysis

NIR
spectrophotometry

NMR

Computer vision

Direct assessment of marbling in meat by human

visual appraisal. Cheng et al., 2015

The extraction of fat by adding a solvent to a meat

Cheng et al., 2015
sample.

Different chemical bonds absorb or emit different
wavelengths of light when meat is irradiated by
continuous near infrared light.

Prevolnik et al., 2011

The characterization of the dynamic states of water

by transverse relaxation time using NMR. Brown et al., 2000

Computer equipped with a digital camera analyzes

. Chen et al., 1989
meat visual color.

Lipid oxidation

PoV

TBARS value

Measuring the levels of peroxides including aldehydes,

ketones, alcohols, and short—chain hydrocarbon. Swoboda and Lea, 1968

Measuring the levels of malondialdehyde in meat and

meat products. Tarladgis et al., 1960

NIR spectrophotometry, near-infrared spectrophotometry; WHC, water holding capacity; Vis—NIR, visible—near infrared
reflectance; NMR, nuclear magnetic resonance. GC, gas chromatography; PoV, peroxide value; TBARS value, thiobarbituric
acid reactive substances values.
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A (tenderness)

AR ASE AFsk=T] Qo] A8 A, T "
U7t 7P S8% 99108 dBA qlor, E3] At
A7sks Arrt 7841 AdT-E THMaltin et al., 2003).
289 7154 24 Bolel 289 2olg SHgo RN A
2g a4 St Hu010)0] HEw, 2499] #719}
=2 vEel 2Rt 7eaE die S7IRITAL 3t
tf. 4 4ol S8 & Sl S EF YIS 0]80
Wol 7hg WS o) 24eke WE vle dolao] 22
|- &-=Ith(Koolmees et al., 1986). Warner-Bratzer shear force™
2 B} Lol A1%9] AEE SAHS o R st
ZR|skR= 71 tiEshE W o tNovakovi¢ and Tomasevié,
2017). & V-blade?} FZe EAJA|(texture analyzer)S O]-&
slof 7eEl A%l Hekele] Aojgte Awe Tk

£ 30 @&

¢}

At

Pl
0
>
id

d(fatty acid composition)
ZAshe A A%e] £ 9 ol HFshe

-

3ol Tt IFe € ¢ Atk ME HE A =

1>
Ho
=2

SRR
T, 248 @ 233 5ol 9= 713 &5t ot A
ool ejgk A1%.0] A% 9 ] Wislo] FE E & Ut
et al., 2005).

S0) AP 24S B A 4 494 A
o] slofof BT}, 4% U] A F2HOZE Bligh
2} DyerH(Bligh and Dyer, 1959), Folch®(Folch et al., 1951)
9 Soxhlet =% (Soxhlet, 1879) 5o] glom, A189] AL
Folch¥ 1} Soxhlet £EHo| & o] &% TtHSaini et al., 2021).
22 Aol A B4 ZEESS 4BoREIHAY
AE3A U GRS FALSHH(KFDA, 2013), E3 o235}
7AZ&7](flame ionization detector, FID)7} AF2He gas chroma-
tography(GCO)E o-83lo] A% tf AMpL 24 Bt
(Shin et al., 2021).
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ok ox ox 2
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0= (marbling)

2159 24 2tk B2 &4 S04 "FER (marbling,
TUAE)Z Aol R3Esk= M L] o] oF4 - gt
2 Bxg Holgt & Qlom, 7 XA (Longissimus dorsi,
EXN)oA &A= chBarbin et al., 2012). o]&gF npEHL 418
9] F4L& A%olk= 7P 588 B4 F stioln, &HAY
ol 5935 JFS 7|2 THCheng et al.,, 2015). ESH X
Ut 2258 2 582 7 & Sl ol 2 A
o] 71 F goli=lo] FHY S50= Holx|o] £79] &4
2 oAsiel 748 7S A FekLee et al, 2010).

e SA BrEPT v R HE8E W 74
Wom TR 4 glov, T Awe) A B3 9 U
71202 SRt AEA W QIZke] AlZto ofgt uf
5 [-&== Wol, A} g &4

oJgt sfekd ¥hogw FMo| 7R55ltHCheng et al,
2015). 71A1A Wro R QA ES33T Al(near-infrared
spectrophotometer), NMR & FFE] 14 B4 B85 =74
tHo] QItKCheng et al., 2015).

2 e mo
ol
e
oX,
o,
N
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q
I
S
o

K& MRS (lipid oxidation)

Al Hf Ao] Alufi7h dofdo wet Rt AleHEC] 48

< 5179 ol]FE oI B4t ol A& Ui thE AR
HE, gteslsE, HIE 53 vkEste] S, Fu] d J9H
SHoA FAgAl JFZ 71 4= UrK(Shin et al., 1998).

xZo 2 FAISHET| 9 thiobarbituric acid reactive substances
(TBARS)7} AleHo] 415 Wf A& Af=o] Hr & o]-§x|H,
AlEgHL 23 2t JAHE7Hperoxide valuey= 415 W
Ao} 12} AskEQl IS S5k WRICE, 13} 41}
2 o) Aoz HojE YIS, AER, Ye 2 o
1 Bslato} 2 ARA SRHE o] TAISHES] it
(Swoboda and Lea, 1958). TBARS7[= 2%} X4 Al8lE & S
el HEH Y 5] =(malondialdehyde)] ¥ S7d5k= 1
Moz A% 1) APy Alfe] =S BHelg % Yk Tarladgis
et al., 1960).

NSIKBEO 24 ZER B o7

Al FoloREeA 9] AF 9 AEH7E 34 e A=
TFEEE AR B AR E S YRR St 7SS R,
DA, HolAR, ARAGER, FE&F, ASF27RE
ASTR7HEE 52 L THKEDA,
2013). AS7R5EE Ea, 71, 94 & SR HReR Tk
5171 dizoll AlEe] FE 9 71 7l wet FE548S 2%
3} R0l0] kA A5 HrkFeiner, 2006).

W0 NSRS A%} BhIAR 4% B
o AMHOT Y i A, B, A7 Bo| FAT TER
22 28eA) Tk A871Ee] g 20 WHos
0] =+4]8-7}5} S](American Meat Science Association, AMSA)
= Fol=aelg ANslo] Betsia glct. olo] T Hlo]e
22 ulnyoglobing®] S}t 274, Eeleb 27, Psar B
4 52 Bafo] A71H UL 2N AL WYL 9
THAMSA, 2012). 4189] A lo]oZzx10] Qjafo] 7Fg 2
A9 A87F8E0] A2 H7Eel ofjt A YIS T=t(o
et al.,, 2020). T O] AL Sh= FAAFH(NOs)olL oFEAY
(NO»)9] 7o weh 25Ul mloledenle 32 w3t

o
r



Study on quality-based protocol for meat and meat products 73

(NO-myoglobin)of] ]3] M2 H3}stA| FHthHonikel, 2008).
o|2fgt nfo] QFEHIY| X 7S 915 Homsey(1956)=
A A R Z-E5= heme-pigmentE acetone/water 21E 0]-85

F25191.9.0, cured pigment?} total pigment2] T3 (540
)2 BBt} SA40] AAS ATSACKShin et al., 2017).
E3F 650/570 nm2] ¥HARE S4B 739 AR
22 =7%3tH(Erdman and Watts, 1957; Sindelar et al., 2010).
ESE CIE MAHA| T AR (tristimulus values XYZ)E &
&sto] tgsHA SAE7I= sk, ol AlS7REe 7
W= A glo] 9] S ST 4 7] "ol F2
o[- 8E|1L UTHAMSA, 2012). o]0l #5BF7IE B35 A9
B7HE XS 4= o, g 7t Zolot WL os 77}
RS 4= Q= o] QITHAMSA, 2012).

AS7FEES Shle T3 AT nRIIAE Heet 8219
ofsf| FFE W=tk A5 e 9 F/dEe] W), Har
AL wtolof2 ®RE, 7HE ¥R B H7HE 5 Tt 821o] 9
5f] utz} gFo] A EItHDwivedi and Brockmann, 1975). ©a}A]
48718B0| Az Fo| HrlE= F7hEot A% 7o) A

L 28 T2 711 4871380 A2E 95 Bttt
(Flores and Piornos, 2021; Sun et al., 2022; Xu et al., 2021).
23 gl 71AA 242 7 Sl A7t e AEe E
< S79sto] APHEt F2 g 2o g2 9% 7
3l Qlo], GCE &8sl 2™, liquid chromatographyS E-&
skl 742 PoHA =t 3F 9 52 B7kebr| Yote] A}
3 E= AAEE &8st ST 4 tJia et al, 2018;
Tian et al., 2020).

N8/1EE] AL WSO e FAT RAZ YT
t} A87EES 11 FEjo| we} Warner-Bratzler shear force
analysis, Allo-Kramer shear force analysis, texture profile analysis
(TPA), Meullenet-Owens razor shear analysis, compression,
puncture 59 WHZ o|&sto] SHsHA HrhMorey and
Owens, 2017; Schreuders et al., 2021). o]2Jof| . E5kS: o]-&
oo A7 |37 5l+=1|, infrared spectroscopy, Raman
spectroscopy, fluorescene polarization, nuclear magnetic
resonance, light scattering 5-2] W& AR&SICH(Schreuders et
al.,, 2021). o]9jol & o|u]d] 7|&S EEolo] Ae7eRe &
AEASS QIS 4= Q= Aoz AA Utk ol& 487y
Foll EAotk= #AF29] A9Y B 3= &2lsto] At
= d&ste 7IsEolth

o|of|= 7hg W 9 AlEC] B/ wet vhefRt A
o] S-&H L Ut ERoAE AS7RSES I AAARE &
Fotlon, W Ao] o-8H TRt AP} thste] A
&3k

et obd dukA o= R4 T AlEsHA ek 1Alg 0]
£ A, &4, 1x, 294, 271 59 RS AR A
LRITHKEDA, 2013). 379 FAE/] 542 dollA ALt
pH, M, 48, B4, A4 24, AE A 52 3
Brleith dRbdo s y2oA & B 7t AYE T A
S Holghal Ao, A204 & E= 71 AYE & BF
Agglolz} g}, mE|ARHO] 9 SRFF 75% o - 8% o]
51| AlE2 ERITHKFDA, 2013). 37 AlE2 F4E54S o
osl7] flgt A9 HPHL Table 20 YeR|QITE Aol IR
% 7l opdAlolR ks ASTHREC] EAEAY /A
o T3t ATZ skl Q17| wjiZel Kool 29| S
R85+ QYTKKim et al., 2019). T3+ A8715-E0] AL 719
S AA7] whizol] Tl /3 B7FHZhou et
al,, 2021). Guo et al.2021)2 GAA2] 715 74 5 HalE=
FAELES wefsr] fisto], A FARE(TBARS), pH, oF&At
o], ML (CIE M2HA), =/4(TPA), A4, i 4
E(GC £4) 55 B45191, AAZE 8ot | S
E 451t} Tomazin et al.(2020)2 AZ FX|HQ] EHEA
H71E Q5] M(CIE AxFA), Tz Sk (protentiometric
titration), LU AW (near-infrared spectral analysis), A=A
L (TBARS, rancimat), $2SAE, EAJ(TPA, stress relaxtion)
52 BB Steen et al Q0202 71 T o] BAEHL
Hr1ely AGE, 71A7%F, B4 (pressure, centrifugation),
A g/35(dynamic viscosity), =4 5 H75FH(Steen et
al., 2020). oA thFES] A=FolA M 9 4L TF
Hog ZAs19lom, oo X oA, AR £A,
AEY] &, APAE, S5 B4 52 XIggste] o) &4

=42 selsgr.

2AXIR

AEoloREHA

©)

O

o] AF % AEW e S H=E, &
AAFT= Asolu As7lsES IHE B AAI5 24
A Aol AF B A7 TR S & EBe 71
A 23 Zlolu, A2olM BaAA <4 Ee XA Ao
Ad, E= Aloldel SAste] W, Wadt es Aofska
UTHKFDA, 2013). 2AA], WAAAIX], 9t £AIR] FO=
L olof] gt A9 BPH2 Table 20 YERHGITE AAIX|9]
29, et 4ol EREo] BEolE A871EEoRA
AR % 7Rl uet dddse] 249 Ghafouri-
Oskuei et al.(2020y2 EOE7[EQ} ot 7} S5 AAAE
AZ3IA. LRPY (AR, S, Aol R, 2, 3, '
ohE) % 9% 34, pH, oA, AAHGO), M &=(CIE
color system), A"PAHHIE=(TBARS) 52 S745t0] 2A1A]9] &

ol rolu :‘m
rr
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Table 2. Analysis methods for determination on quality characteristics of meat products

Meat products  Characteristics Applied methods References
Whole meat  pH pH meter Guo et al., 2021; Kim et al., 2019
?QZ%J)CTS Lipid oxidation Thiobarbituric acid reactive substances Guo et al., 2021; Tomazin et al., 2020

(TBARS), rancimat
Nitrite concentration Diazotization

lor .
Colo Colorimeter

Tumbling yield, cooking loss, total yield

Texture profile analysis (TPA), dynamic
rheology, shear force

Differential scanning calorimetry (DSC)

Gas chromatography-Mass spectrometry
GC-MS)

Volatile compounds, electric nose, odour
active values

Product vyield
Textural properties

Thermal stability

Fatty acid
composition

Flavor components

Near-infrared spectral analysis (NIRS)

Water activity, low field nuclear magnetic
resonance analysis (low—filed NMR)

Intramuscular fat
Moisture state

Water holding Pressure, centrifugation

Guo et al., 2021; Kim et al., 2019

Guo et al., 2021; Kim et al., 2019;
Tomazin et al., 2020

Kim et al., 2019; Steen et al., 2020
Tomazin et al., 2020; Zhou et al., 2021

Zhou et al., 2021
Guo et al., 2021

Guo et al., 2021; Zhou et al., 2021

Tomazin et al., 2020
Tomazin et al., 2020; Zhou et al., 2021

Steen et al., 2020

Ground meat
products
(Sausage)

capacity

Proximate Moisture, protein, fat, dietary fiber, ash,
composition carbohydrate

Digestion Protein /n-vitro digestion system
Calories Atwater system value

Product vyield Cooking vyield

pH pH meter

Moisture state
effective moisture diffusivity

Water holding Centrifugation
capacity
Appearance Field emission scanning electron
microscopy (FE-SEM), porosity,
microphotograph
Textural TPA, dynamic rheology, shear force,
properties apparent viscosity, viscoelasticity

Separated fluid
Diazotization

Emulsion stability
Nitrite concentration

Fatty acid GC
composition

Color Colorimeter, photoshop
Amines HPLC

Lipid oxidation TBARS

Protein oxidation
Microbial analysis

Volatile basic nitrogen
Total aerobic bacteria, lactic acid bacteria

Protein molecular
weight distribution

Sodium dodecy! sulfate polyacrylamide gel
electrophoresis

Low-filed NMR, moisture ratio, drying ratio,

Ghafouri-Oskuei et al., 2020; Kang et al.,
2022; Ku et al., 2022; Zaini et al., 2020

Ku et al., 2022
Ghafouri-Oskuei et al., 2020
Kang et al., 2022; Zaini et al., 2020

Ghafouri-Oskuei et al., 2020;
Kim et al., 2022; Ku et al., 2022

Kim et al., 2022; Sun et al., 2019

Zaini et al., 2020

Kang et al., 2022; Kim et al., 2022
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EXS 105t Ghafouri-Oskuei et al., 2020). Zaini et
020/ SRR} 4ES Festel 241K Ao,
HHgE (G, S, A, 917, B4 (centrifugation), 7+
&, A%, S4(TPA, dynamic rheology), A|AHHE(TBARS)
S 27oioic. WEAAAG] A9 o] A, T 3
[%e] 4kl nlAESHY A 3 MPE T Sun et al.(2019)
Ax4AA] A ol Washs pH, T )
(total volatile basic nitrogen), A|HHAISHE, O] ESHA BA 4=
/g (low-field NMR) 5-9] ¥3+E &7kt E3L, vhax
DAA] AZA, RS, ARSE, 8 TR 54 5
Boto] Az Y F EAcks RO #IE S5, 1
T RS E pH, MZ(CIE color system), E/3(ChaA,
shear force), THlE 2 2|} A5t 9 FARAWES 3 9
I =24 52 AARBP|E SHHKim et al, 2022). Kang et
al.(2022)Z = A EAN el gato] itk A+E X
Y513, pH, M (CIE color system), EHAIE(GE, ZHl,
ZAMY, 23|85, Tl BExEH(sodium dodecyl sulfate polyacry-
lamide gel electrophoresis, SDS-PAGE), 2JIH&"]7), 71
&, E4(TPA) 5= B7I5ISIth Ku et al.(2022)2> 723Fg k4
AR 9] EHEAS HUI5EHE). pH, AZ(CIE color system),
FIIRHHA, AS}E(in-vitro digestion system), LHHIE, &4
(BE7] Ak, HeH), dld EXRKSDS-PAGE) 5= &dt

FHES F7ISIATHKu et al,, 2022). HiF-22] Al5ol|A
A gl Z440] £7o] o]FojFon, Aol F4 9 Ax v

Hol W 49§29 2717} ololzny.

> o o

.

it

|

N o
il

flo

BN o

= =

Haohs 24 24 S g8stofof op, AS7sE2 ¥
F59] AJHl(whole meat, ground meat)°] w2t AlEwo] &
A & Qlok mEbA, AS 2 AS7RsE0] B B4
o) A
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