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Abstract

This study examined the physicochemical characteristics of eight commercially available
frankfurters in Korea, including four brands formulated with synthetic nitrite (Nitrite A—D) and
four brands employing natural nitrite-alternative systems (Alternative A-D). These commercial
products were further compared with two laboratory-manufactured frankfurters: one prepared
with synthetic nitrite (Nitrite-Lab) and one in which nitrite derived from pre-converted solution
based Chinese cabbage powder (Alternative-Lab). pH values ranged from 5.95 to 6.30, with the
commercial Nitrite and Alternative groups spanning similar ranges, while Alternative-Lab
showed the lowest value (5.95). Water activity ranged from 0.937 to 0.951 and salt content from
1.27 to 1.86%. CIE a* values among commercial products varied widely (7.69—14.24), whereas
Nitrite-Lab and Alternative-Lab did not differ significantly in CIE a* (p>0.05). Residual nitrite
content of Alternative-Lab was lower than that of Nitrite-Lab (p<0.05), and all products
remained within the Korea regulatory limit (1.89—-15.62 ppm). Cured pigment and total pigment
contents showed no consistent pattern attributable to nitrite source. Alternative-Lab yielded the
highest cured pigment content among all samples (p<0.05) and achieved a curing efficiency of
83.97%. Furthermore, Other products also exceeded 80% curing efficiency, indicating adequate
curing regardless of nitrite source. These results demonstrate considerable variation in the
physicochemical quality of commercially available frankfurters in Korea and indicate that
Chinese cabbage powder-based pre-conversion technology can effectively reduce residual
nitrite while maintaining cured color development comparable to that achieved of synthetic

nitrite.



25 Keywords: clean-label, natural curing, pre-conversion, frankfurter, curing efficiency



o E

26

M=

o
=1

AX|SI  Clostridium

Mets

F

70

botulinum?2|

29

AstS $HCk(Sebranek, 2009; Yong et al., 2021).

30

St
=]

CHEl 2

b

k=)
=

0l

b

N

iy

7

§

j0d

H7t=0l T

32

O M7=l 2ACk(Flores and

=

8l
|

R
ojnu

7=

&AM
=H O

Toldra, 2021; Hur et al., 2015; Sebranek and Bacus 2007). O|Oi| Cf}2t

35

b

22 CfASte= 222t (clean-label) X A FX[(natural curing) 7|=0 CHSH

36

Of CHet B[R

jrar
=

O] OIX[1 U2, ol2fet 7|5 HET A

Al
O

§

e
[e)
—

£ 37t UCK(Asioli et al., 2017; Yong et al., 2020). O|2{

X~ o
_|_

ar

Jo!

o

<

38

270

39

ojnu

JoO

HA HX| 7|=0| CHEX O|Ct(Jeong et al., 2020; Kim et al., 2025; Lee et al., 2023; Yong

41



etal., 2021).

42

X|(indirect curing)

~ Ao
H O

|02 FEEICtJeong, 2016; Sebranek et al., 2012). £3| AL

HEA
o

(pre-conversion)

gt

46

O RUCH(Yong et al., 2021).

NS
o

M|

54
K
Hio

N
Hio

X2 & (pre-converted vegetable powder)O]

|
ol

|0 ACHKim et al., 2025).

2
=)

b

k=
=

ol

51

7= SHA7F RIFE D YUCHJeong, 2016;

Of Att=

HSS

7t M=o Hof =2

53

=r
ofr

—_

Jod
Kir
il

4

s

=
Hio

X

=
e

ol
=

P~
5|

CC
-

Sebranek and Bacus 2007; Sindelar et al., 2007).

54

O Lt(Andrade et al., 2026),

Mz W oteel H

&

Ol=

56

S Ef

2

et 37

o
—

QUL Jeong(2016)

57

=
—

7] 2f3iA

g7t

M2
o=

FE oA 7hs

gy opE

=, HA M 232

o2

C

58



F @ LE o]

340 o

PN
=

b

7t A

0= =75t =L Al

60

H

Al

ISR

P~
5l

u

64

X SHQICE

—r

10

RO

ol
KT

ol
klo

ojn

w|r

Pl
Hio
or
i
0jo
Tr
80

<d
R

66

67

68

AR "= 9 Mel+ 78

69

M7t M2|F(Nitrite-Lab)?F A F2f

OfE 4t g

SHA
H O

Ne| =

F

S Bl

AEA|

70

3 24—48A| 7t

Amge %

g ALt

tE M8 X 2|7 (Alternative-Lab)E T

SR

0]

71

X|(M. semimembranosus, M. biceps femoris, M. semitendinosus)2t

o
= 7

Zatet

72

H7|(TC-22 Elegant plus, Tre Spade, Torino,

O|F =2

= AIEotRen,

S X| 2 (back fat)

73

Italy)E 08310l ZtZ 3 mmZ 224310 ZH|SHJALCE

74

J|Z=oR A3 1.5%,

/Y 15%S

LH A
oT

2 =5 70%, X8 15%,

Nitrite-Lab

75



76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

OIAMS 03%, AE 1.0%, OIEMLIEE 0.007% % OIATZEHMUEER 0.05%S

HIISICE Alternative-Lab2  Nitrite-Lab2| H{EHH||A OtEMLIEES XN QS

W/ LS HIMEO| 9F 84.73%E pre-converted & U (pre-converted solution; PCS)2 2

CHAISHY M =St /LS 2.29%, PCS 12.71%). & XNl 25 %XF OfE MY

HMItE0l & 70 ppmO| E|=E H{ESIYICH PCSE Kang(2023)2| HHHHOf| [t

MZ=stYon, =H|El PCSQ| pH= 545, OfEAG Sl HASH hak2 22 550.78

mg NaNO»/L2t 102.02 mg NaNO/L L.

St

Z Mets T o= 2

rot

rfot

=, 23 24 mme| MEZRA AHO[Y (NOJAX®

Cellulose Casings, Viskase, Lombard, IL, USA)0| SZXISIFLC ST E A2 90°C

g0 SH2E7 75°co| ==Y W7HK] 78S =, EE0AM 2022

o4 UHZISIOICH WZHEl A|2s A o|AS MAHSID RZ ZRSIACH XA M=

AKX AR HEDS 24 AIEE HF7| fISH 4°cOolM 14€2t MES =
M StACt

AE 223 AKXz W F2 471 HZEARA-DAHS| gd OrELAE HIt
HENitrite A-D) H M |2f OtEHAME HE X IS(Alternative A-D) T 852
MESIGon, 2t HEQ MEYEE Table 13t ZCH ZE HES MZYZEH



92

93

04

95

96

97

98

99

100

101

102

103

104

105

106

107

108

142 O[Lle| MEF= 4 HM=Atel =22t X HOINE Sofl TOHsHACE

AFOIM  AX] HZLb AlE ZZ3 AAX] A0l 24 Holst X0

AN
1A
Hu
(%]
fot

She oLt

ANz 50| 5FF 25mLE H7Iot £ & 7|(DI25 basic, IKA, Staufen, Germany) S

0|83 8,000 rpmOIM 127 FESIRULCE O|F pH meter(Accumet® AB150, Thermo

Fisher Scientific, Singapore)& AtE0ot0 Z&MUO| pHE F'ISIRULE

A =
TE=

M2 3 ga AMZE 87[0] HOb 25°cOA BH HEHE FASHEM s22d:

i
A
Jal
Ot
Q
n

=74 7|(HP23-AW-A, Rotronic AG, Bassersdorf, Switzerland) 2 T&=2d &

Al shEk £
Al SHEF2 Nielsen(2017)2] Mohr MHE 2 L2 HYSIO ZAMSIGULCE A= 10

ge SHTe 2H o2t £ oIotAL2 M, A0 5% potassium chromate A4S
XAG22 HIISIQICE O|F 0.02 N silver nitrate U222 ZHFSI0 AlH



109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

()= AEOHLCEH
ME 5%

M= AgE Z0| dae=z HEoh = 2 HUHHOM F2el2 Mo 374
22 2= MXEAH(CR-400, Konica Minolta, Osaka, Japan; illuminant C, 2°

observer)E O|870}0] HHSIRULE

0.39, b*=3.88)2 2 HFSI0 AIBSIFS CIE L*(¥Ek),

w2

b*(EHA 2 LIEFLRACE,

1)

AZ 5 g0l 80°co BF

rfot

'6‘I-'<‘5|.O:| |:|-.

(1-naphthyl)-ethylenediamine  dihydrochloride AES B O XX

=& = H(UV-1800, Shimadzu, Kyoto, Japan)E O|ESt0 540 nmOf| A

Z -5 R 2O, sodium nitrite(S2252, Sigma-Aldrich, St. Louis, MO, USA)E H

S Sof &F opRAY B

—

[ot
mjo

S EOIRALE

OF

o &gt e

—

S8 Hol BF HAMEHL*=94.90, a*=-

M),

ofdtst {0 sulfanilamide2f N-

rfot
o
1R
rlo

jot
ol
H
i

ruﬁ
u

H>I



126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

5 8Ma U A% 28 5Y

(cured pigment) X & FAMA(total pigment) B Hornsey(1956)2]

oe
Ral
Ho
1z
>

HERHO| 2t MU A2 ZHZE 80% OFM|E(acetone : distilled water = 40 : 3)

= Ad OMME 8 (acetone : distilled water : HCl = 40 : 2 : 1) O|&3I]

FESIQUCE EX SMA 9 F SMAE 2AACAHZE ZHZE 540 nm X 640 nm

oM SHEHE FHIFH, ZFHZNME ppm(mgkg) THRIE AETHELCEH

X FE(curing efficiency, %)= & SMA OfH EX| AL otEFo| H2=2

AESHRIL.

4

x

=
L™

Hb 2
[ S |

>
oot
mjo

Sl ¥OZ HO|HE Hat(mean) + HZF 2 KX}(standard error; SE)E

LIEFLHRACE. SAH ME2|= SAS software(version 9.4, SAS Institute, Cary, NC, USA)2|

GLM(General Linear Model) procedureE O|&3t0{ =AlSIALCE M|+ 7t F2o|d

2’82 Duncan’s multiple range testE &0 72T 5%0 M AHAISHRACHp<0.05).

=

=
4>
HI
1124
0x
|.|-|
p =
1=
1194
oot
oM



143

144

145

146

147

148

149

150

151

152

153

154

155

156

157

158

4

ot

o

FEAE H7F A MY fel oOFEME HE AT ZE3 AAX] Fat

ot

X|-X-|| X-||_7E M Ol AIOD:I (el 3= §I—| 7=|J‘_||.E Table 29'.

AHd
, TI= o

F AAIX| 239| pH

r

ZCt.

pHE= Nitrite-A7} 6.3022 71 &2 & LIEHH 8HH(p<0.05), Alternative-Lab=

5952 71 R 42 E/ACHp<0.05). B I CAte Z&3 AKX 5L NHZTA

L g OfEME HI7b MEDL MY R/ OFEME HE MF AOIO pHO

_I_
—l—

HOl Q2 ofuAY Mg

=

XO|E EO|X| AUCHPp>0.05). A2{LE AAL HES| ¢

ZH3 AA[X[(Alternative-A)7 2 OFEAE ®7F ME(Nitrite-A)ECH R/ =

K2 pHE ER2H(p<0.05), Ol= & SFOAM XA M=ot 2AX[OME 5Lt

21t

M|

LIEFLHRICE  ApH M=o M Reff OofEMYE HE X E(Alternative-

u

Lab)Ol M LtEHE ®2 pHE PCS ARMIQ] ®2 pHZt 2T MFo gz Zut

AMEECHKang, 2023). O|2{et At OFEAME CHM AXHe| pHO| ols] =&

Cto 273t 7|

—

r

MRS 9T AIfetT QAR

rir

SHEZ9 pH7t S &

SEEMEE Nitite-AS HdtD ZE H2Z|FOA KO/ X}O|7} LIEILEX]

R UACHP>0.05). HH Nitrite-AZ} 7t B2 =E&HE0.937)E E /2L, Nitrite-B,



159

160

161

162

163

164

165

166

167

168

169

170

171

172

173

174

175

Alternative-C X Alternative-D M|EZdh= F2|& X107} ZHEE|X| L UCHp>0.05). &
ALNN FHHEE =E2ZHETE 09370951 HRIZE, O|& Sullivan S(2012)0]
Hast Ol= Al ZZ3 AKX =FdE HR(0.937-0.953)2b FAtSH

Al 222 Alternative-LabOl| A 1.86% =2 7t = LIEHS 20 (p<0.05), Nitrite-
C7t 127%2 7t% R 742 ER/ACHp<0.05). &4 oMY HI} HEZ2 1.27-

1.73%, M | OtEME HE HEZLOHA 1.38-1.86% HPS AH TtEk

o

Mg
g ofEME HOF A MY Fof OFEME HME AT ZE¥A 2AX] 8FiL

KA ® ok AAX] 25| ME Z7¥ ZAib= Table 34F &Lt
YL (CIE L*)&= Nitrite-Lab, Nitrite-C, Alternative-Lab 3 Alternative-BO| Al 7}

== W= LIE HN\—D:I(p<005) Ol AtO|Ol= R2l& Xto|7t HAAAEI'(p>005)

ok

HFH, Nitrite-A2t Alternative-A= 2424 gFd OREME HI7F ME Dot A R

—

11



176

177

178

179

180

181

182

183

184

185

186

187

188

189

190

191

OFEAY M8 HET LHOIAM 7HE 22 CIE L* 242 LIEFLH A CHp<0.05). Sindelar

_

5(007)2 Ol= U HOixl= =23 AAX|0AM gd otEAE HIF HE0| gd
OfE 4t F™I} MEELCH =2 CIE L* ¢t2 LEtWHCID E0SQAct gLt £
AT OrEAY ZZ L0 W2t CIE L* %o Xol= YUS M, Ol= Sullivan
S(2012)0] 208t ANt FASHRALCE.

HMED(CIE av)e €4 OFEAMY HIF HEZOAM 7.69-1424, HAH S
OfEAY ME HEZOIAM 834-12.54 HE LIEILHRALCE Nitrite-AZF 7+ =2
CIE a* 2tS LIEFH HEH(p<0.05), Nitrite-B= 7% %2 CIE a* 42
LIEFLY A CHp<0.05). 2{L} =Lt ofEAE I=8 UWolME HE 2t HXIt

= B2 HO|X| UL SHE

O,

]

A LERLH, otEME SR IME Z

A Mzt 2A K|S o= OfEME S= 0 e CIEa* 42l w2/ Xto[7t

9

MHA

LIEFLFR| 4QUtCHp>0.05). O|2{3t ZIt= pCS7t BH OfEIALE T SAFSE 2=

=13
=

1=

2t LIEE == UAChE AS A|AFSHCL
SME(CIE b*)= Nitrite-C7F 11482 7t& &2 42 LEHH A} 2T (p<0.05),

Nitrite-Labdl Nitrite-AO|A] 7tE =2 4t2 ERUCHp<0.05). XA X =H AA[X| Q|

A%  Alternative-LabO|  Nitrite-Lab2LC} 8OOz =2 C(CIE b* 4US

12



St
=

PCS XHA|Of

=
—

LHEFL R =Tl (p<0.05), O]

192

k

g o) 2

193

FI2 E| 0| EQ}

194

ENEl Hb ACkBae et al., 2023; Hwang et al., 2018; Jeong et al., 2020; Kang 2023).

195

196

=
-

Fotd JAY=0(Table 1), M| MT

Jo0
i

197

EN,

of ofst &M O[2o= OfF K2

(0]
[=

SR

0]

198

| CH(Delgado-Vargas et al., 2000).

THel

200

ol

202

Table 42t ZC}.

=R

~
o

KIr

28

204

oju

ZF
HA

Lo
T

ppm2 2 7%

15.62

Nitrite-C7}

Alternative-LabO|

LHEFL A Ch(p<0.05). ARA| M=ot &A[X|Q] THF OFF

206

=
rH

47t M=

Nitrite-Lab2 C} Fo[H 22 HRUCHp<0.05). Al

207

0|
x

3.83-15.62 ppm

o Z+Zt
— 171

F

=
o

JoO

13



209

210

211

212

213

214

215

216

217

218

219

220

221

222

223

224

1.89-5.47 ppm HYZE, NE 2t HE Z0| A LIELGCE Ot Z1t+= Jackson

S(011)0] Hast O/= LM AlTEEs g OfEdg H7F & H gX

—

ZF3 MK MEF 2 TR orEMUE el Xolet Al deE LIEHACE

- L= —

rot

bE, S AAX|Fe| OfEAF O]2(NO*) THREZ 70 ppm O|TCE HEHO=Z

M ED A2 (Ministry of Food and Drug Safety, 2026), = HT0A ZAMot BE=

MelTt= oie 7IES S5otks A2 LIEHHCE

gA sMas OFEMYE SS-HN EAS0l & MaEz ¢ S Xo|S

LEEFLHX]  REQUCEH  Alternative-LabO[ A 7t =2  GX| FMA SHEO|

LIEFGE O T (p<0.05), Alternative-COlM &= 74 =2 2t0] LIEFRCHp<0.05). 2Lt

mot

ol =7otd, M maf OfE4HY

I
30
A
ol

Alternative-C= =2 GX| FAMA

>
o

HMEZ 5 HIY &2 CIE a* 2/(1045)2 LIEILAQACE CIE a* 242 X SM

mjo

nitrosyl hemochromet£2F OtL[2} SXH|ZF2| HAMO| ZAAdt= 0Of2 Mo A

2 gelz, FX =

3

1=

a2

[ok

HFap gteEA| s9%t d¥E LiEE A
OtL|CH(Claus and Jeong, 2018; Schwarz et al., 1999). EEDF Alternative-CO|= A A4 || 7t

AMEE|USTH(Table 1), OlF EAMA|Zl MES| CIE a* #f0 €5 S O/FS

7ts-80| RUALE.

14



225

226

227

228

229

230

231

232

233

234

235

236

237

238

239

240

Ot
Ho

[kl
rr

Ot& 4+t

MEes &

LHEFLH A

rOI-

—>

%X wge 5 8

FHEZ2E HIbEICH(Pearson and Tauber, 1984).

M20) 51
Ux| BES

OtE thg 2l

myoglobin1lt

Toldra,

Alternative-B

1=
>
ot

1A

g MaEz

t

2021;

F2F
S

rlo
ok

He Ot MY E7F METOIAM 32.64-49.41 ppm, MH Fef

=

—

HFE LEIHRACE AIRZ2 A}

Ofo

OlA 29.58-47.45 ppm

Tz

MY we 3

o
[=) :T&lli

oot
o
mjo

Alternative-D7}

A2 B(p<0.05), Nitrite-AE 7t &2 & S S E/UCHp<0.05).
HH, RHH| M=ot 2AIX] 28 & S gEol Xols BIRUCHp>0.05).

(=N

M A (total pigment) S B A| A A (cured pigment)Zt AHX|SH=

Ustmoz o4y ZL

80%

o™ AF0M, 7 =2 ==

22 A OorELE O AT E A8t SHSOA 80% OfQ
BACtn HFE H M (Jeong et al., 2020; Kim et al., 2019), O]

Of&ALGiO]  ArSIEAZ  T3HE|Of

[

mjo
|0

| 0| SHC}H(Flores and

Yong et al., 2021). & AT M= Nitrite-C, Nitrite-D, Alternative-Lab,

X Alternative-D7} 80% O|&2| €X| 2&& LIEILHRALE. =93] Nitrite-

C7t 92290%2 71 =2 BX| &S LIEILHAL2D(p<0.05), Nitrite-D, Alternative-

Lab, Alternative-B 3

Alternative-D= 80.93-83.97% HI2IZ Ol XNZ|7# 0=

15



61.98%=2 7t% H2 X

X 22| X0|7l S YUCHp>0.05). HFH, Alternative-C=

o
[

241

ojnu

80% 0|2t

=
—

Ct. $HH, Nitrite-A(70.03%)2} Nitrite-B(74.20%)

(0~
PIN

e

243

=]
x

HH 2

=

&

ALESHEEE MEE

Hz=&gof ket

245

aL

n0
00

4
B
of
Ko

w0
JoO

246

AtOIECH MEZE Ato|7t o 3A

=
-

247

2 7 UChKSullivan et al.,

B}
-

[l =0
o=

8o

Amg

| Xto|7t

o/

b Sindelar &(2007)

e
o
—

2012).

250

ol

K=t AA|IX|O|A  Alternative-Lab2 Nitrite-LabE Ct S

252

=
-

X 28& LtEFLHRACE O

gi

Jo0

o/

253

254

(nitric

U2 B Z(Sebranek, 2009;

ELVS

16



Sebranek, 2015), PCSO| 2|3} &

257

259

.
R

260

2 A

S

8l

261

(o]
[

¥

Of =4

SHA
=ie]

YN o] SN S | S| B

3 2AX] 8E52| Olzt

izt
—o

262

o

SFRALE Al

M
A

tg HE8 2A[X|et H[WSHY &

pN|
=

9 HA [ of

= PN PN

263

(1.89-15.62 ppm)=

UMY Y

f

0

e

EnINPNL]

=23

264

A=

H

7t

HAglol A=

il
=

266

=7t

|
M g

ofL|zt o8

267

oM LtEFEF CIE a* #tel

it
=

F A

Io
[

of, = g2 Al

269

oA 80% OJTt

i
=

7t A

bS|
(=]

g OfEME

ol

270

il

M2 MZ=ALL] HE

=

s e 3
od

271

273

17



274 =S| Hmg 5 QAUAR/UCE O|2feh =H0A XA M= MA 7 OrEE

—

275 HE AAX]

rr
gl
x
o

EMG "It 2AR|2t RARE +=F2| CIEa* s ER2H

216 O =2 9% ZaS UHEURICE Ol AMH Hg 7|s0] THE OfEMEE

277  MYotEME gy OtELE0 483ts M FES &2 + USS LIEHUWH,

278 DEZX clean-label SHE MAES Qot daX J|x XEE TRI # YL

279 Zi9Z AlREIC}H

280

281 References

282  Andrade BF, Carmo LRd, Filho RdAT, Fontes PR, Ramos AdLS, Ramos EM. 2026. Challenges
283 and prospects for nitrite substitution in processed meats. Food Sci Process 2:6.

284  AOAC. 2016. Official methods of analysis of AOAC International. 20th ed. AOAC
285 International, Rockville, MD, USA.

286  Asioli D, Aschemann-Witzel J, Caputo V, Vecchio R, Annunziata A, Naes T, Varela P. 2017.
287 Making sense of the “clean label” trends: A review of consumer food choice behavior
288 and discussion of industry implications. Food Res Int 99:58-71.

289 Bae SM, Jeong DH, Gwak SH, Kang S, Jeong JY. 2023. Effects of dongchimi powder as a
290 natural nitrite source on quality properties of emulsion-type sausages. Food Sci Anim
291 Resour 43:502-511.

292 Claus JR, Jeong JY. 2018. Processing conditions and endpoint temperature effects on
293 development of pink defect without pink-generating ligands in cooked ground turkey

294 breast. Poult Sci 97:667-675.

18



295

296

297

298

299

300

301

302

303

304

305

306

307

308

309

310

311

312

313

314

315

316

317

318

Delgado-Vargas F, Jiménez AR, Paredes-Lépez O. 2000. Natural pigments: Carotenoids,
anthocyanins, and betalains—Characteristics, biosynthesis, processing, and stability.
Crit Rev Food Sci Nutr 40:173-289.

Flores M, Toldra F. 2021. Chemistry, safety, and regulatory considerations in the use of nitrite
and nitrate from natural origin in meat products - Invited review. Meat Sci 171:108272.

Hornsey HC. 1956. The colour of cooked cured pork. I. Estimation of the nitric oxide-haem
pigments. J Sci Food Agric 7:534-540.

Hur SJ, Jang A, Jeong JY, Jo C, Chin KB, Lee KT. 2015. Misunderstanding and truths for
controversy of carcinogenic substances in meat products. Food Sci Anim Resour Ind
4:7-22.

Hwang KE, Kim TK, Kim HW, Seo DH, Kim YB, Jeon KH, Choi YS. 2018. Effect of natural
pre-converted nitrite sources on color development in raw and cooked pork sausage.
Asian-Australas J Anim Sci 31:1358-1365.

Jackson AL, Sullivan GA, Kulchaiyawat C, Sebranek JG, Dickson JS. 2011. Survival and
growth of Clostridium perfringens in commercial naturally derived nitrite-based
(natural and organic) frankfurters, hams, and bacon. J Food Prot 74:410-416.

Jeong JY. 2016. Alternative curing technology in meat products. Food Sci Anim Resour Ind
5:77-84.

Jeong JY, Bae SM, Yoon J, Jeong DH, Gwak SH. 2020. Effect of using vegetable powders as
nitrite/nitrate sources on the physicochemical characteristics of cooked pork products.
Food Sci Anim Resour 40:831-843.

Kang S. 2023. Study on the production of natural pre-converted nitrite as a nitrite alternative
and its application to emulsified pork sausages. MS Thesis, Kyungsung Univ., Busan,

Korea.

19



319

320

321

322

323

324

325

326

327

328

329

330

331

332

333

334

335

336

337

338

339

340

341

342

Kim M, Bae SM, Yoo Y, Park J, Jeong JY. 2025. Clean-label strategies for the replacement of
nitrite, ascorbate, and phosphate in meat products: A review. Foods 14:2442.

Kim TK, Hwang KE, Song DH, Ham YK, Kim YB, Paik HD, Choi YS. 2019. Effects of natural
nitrite source from Swiss chard on quality characteristics of cured pork loin. Asian-
Australas J Anim Sci 32:1933-1941.

Lee S, Jo K, Jeong SKC, Jeon H, Choi YS, Jung S. 2023. Recent strategies for improving the
quality of meat products. J Anim Sci Technol 65:895-911.

Ministry of Food and Drug Safety. 2026. The Korea food code. Available from:
https://various.foodsafetykorea.go.kr/fsd/. Accessed at May 21. 2026.

Nielsen SS. 2017. Sodium determination using ion-selective electrodes, Mohr titration, and test
strips. In Food analysis laboratory manual. Nielsen SS (ed). pp 161-170. Springer, Cham,
Switzerland.

Pearson AM, Tauber FW. 1984. Analytical methods. In Processed meats. 2nd ed. pp 351-388.
AVI Publ., Westport, CT, USA.

Puolanne E. 2010. Cooked sausages. In Handbook of meat processing. Toldra F (ed). pp 313-
325. Wiley-Blackwell, Ames, 1A, USA.

Schwarz SJ, Claus JR, Wang H, Marriott NG, Graham PP, Fernandes CF. 1999. Inhibition of
pink color development in cooked, uncured turkey breast through ingredient
incorporation. Poult Sci 78:255-266.

Sebranek JG. 2009. Basic curing ingredients. In Ingredients in meat products. Tarte R (ed). pp
1-23. Springer, New York, NY, USA.

Sebranek, JG. 2015. An overview of functional non-meat ingredients in meat processing: The
current toolbox. Proceedings of the 68th Annual Reciprocal Meat Conference,

University of Nebraska-Lincoln, Lincoln, Nebraska. pp. 42-46.

20



343

344

345

346

347

348

349

350

351

352

353

354

355

356

357

358

359

360

361

Sebranek JG, Bacus JN. 2007. Cured meat products without direct addition of nitrate or nitrite:
what are the issues? Meat Sci 77:136-147.

Sebranek JG, Jackson-Davis AL, Myers KL, Lavieri NA. 2012. Beyond celery and starter
culture: Advances in natural/organic curing processes in the United States. Meat Sci
92:267-273.

Serdaroglu M, Can H, Sar1 B, Kavusan HS, Yilmaz FM. 2023. Effects of natural nitrite sources
from arugula and barberry extract on quality characteristic of heat-treated fermented
sausages. Meat Sci 198:109090.

Sindelar JJ, Cordray JC, Olson DG, Sebranek JG, Love JA. 2007. Investigating quality
attributes and consumer acceptance of uncured, no-nitrate/nitrite-added commercial
hams, bacons and frankfurters. J Food Sci 72:S551-S559.

Sullivan GA, Jackson-Davis AL, Schrader KD, Xi Y, Kulchaiyawat C, Sebranek JG, Dickson
JS. 2012. Survey of naturally and conventionally cured commercial frankfurters, ham,
and bacon for physio-chemical characteristics that affect bacterial growth. Meat Sci
92:808-815.

Yong HI, Kim TK, Choi HD, Jang HW, Jung S, Choi YS. 2021. Clean label meat technology:
Pre-converted nitrite as a natural curing. Food Sci Anim Resour 41:173-184.

Yong HI, Kim TK, Choi HD, Jung S, Choi YS. 2020. Technological strategy of clean label meat

products. Food Life 2020:13-20.

21



362 Table 1. Information of commercially available and laboratory-manufactured

363  frankfurters with synthetic or naturally derived nitrite used in this study

Treatments Nitrite source Ingredient label (major items)

Nitrite group (synthetic nitrite)

Pork 70%, back fat 15%, ice water 15%, NaCl 1.5%, STPP
0.3%, dextrose 1.0%, sodium nitrite 0.007%
(70 ppm), sodium ascorbate 0.05%

Synthetic nitrite

Nitrite-Lab (lab-manufactured)

Pork, purified water, refined salt, mixed preparations
Nitrite-A Synthetic nitrite (dextrin, gardenia red, gardenia yellow), sodium nitrite,
collagen casing

Pork, purified water, refined salt, sodium nitrite,

Nitrite-B Synthetic nitrite .
collagen casing

Pork, purified water, refined salt, mixed preparations
Nitrite-C Synthetic nitrite (cochineal extract, red cabbage pigment, dextrin), gardenia
yellow, sodium nitrite

Pork, purified water, refined salt, lac pigment,

Nitrite-D Synthetic nitrite . . .
sodium nitrite, collagen casing

Alternative group (naturally derived nitrite)

Alternative- Pre-converted Pork 70%, back fat 15%, ice water 2.288%, PCS 12.712%
Lab vegetable concentrate (70 ppm NaNO; equivalent), NaCl 1.5%, STPP 0.3%,
(lab-manufactured) dextrose 1.0%, sodium ascorbate 0.05%
Vegetable concentrate +  Pork, purified water, refined salt, VegeStable502, mixed
Alternative-A nitrate-reducing preparations (dextrin, gardenia red, gardenia yellow),
bacteria vegetable fermentation bacteria, collagen casing
. Fruit mixed extract Pork, purified water, refined salt, fruit mixed extract
Alternative-B )
powder powder, collagen casing

Pork, purified water, refined salt, sea salt, lactic acid
bacteria-fermented plant extract, mixed preparations

Alternative-C  Vegetable concentrate (cochineal extract, red cabbage pigment, dextrin), collagen

casing
Alternative-D Pre-converted Pork, purified water, reﬁned salt, celery powder,
vegetable concentrate lac pigment

364  PCS, pre-converted solution; STPP, sodium tripolyphosphate.
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365

366

367
368

Table 2. pH, water activity, and salt content of commercially available and laboratory-

manufactured frankfurters with synthetic or naturally derived nitrite

Treatments pH Water activity Salt content (%)
Nitrite-Lab 6.25+0.018 0.948+0.0024 1.73+0.02B
Nitrite group Nitrite-A 6.30+£0.014 0.937+0.0045 1.53+0.03°
(synthetic Nitrite-B 6.24+0.018 0.94440.0034B 1.55+0.02P
nitrite) Nitrite-C 6.13+0.01PF 0.950+0.0024 1.27+0.01F
Nitrite-D 6.17+0.02€P 0.951+0.0034 1.59+0.04<P
Alternative  Alternative-Lab 5.95+0.01F 0.950+0.0014 1.86+0.024
group Alternative-A 6.24+0.035 0.949+0.0024 1.57+0.04<P
(naturally Alternative-B 6.21+0.025¢ 0.947+0.0014 1.64+0.025¢
derived Alternative-C 6.110.02F 0.945+0.00448 1.38+0.02F
nitrite) Alternative-D 6.17+0.03P 0.944+0.0064B 1.69+0.038

All values are mean + SE.

A-F Different letters within the same column indicate significant differences (p<0.05).
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372

Table 3. CIE color values (L*, a*, b*) of commercially available and laboratory-

manufactured frankfurters with synthetic or naturally derived nitrite

Treatments CIE L* CIE a* CIE b*

Nitrite-Lab 67.76+0.134 10.20+0.08P 6.41+0.03F

Nitrite group Nitrite-A 61.57+0.29F 14.24+0.114 6.62+0.07°F

(synthetic Nitrite-B 64.87+0.39P 7.69+0.26 9.13+0.178

nitrite) Nitrite-C 67.89+0.20* 13.33+0.158 11.48+0.044
Nitrite-D 65.49+0.44CP 10.38+0.21P 9.04+0.155¢

Alternative  Alternative-Lab 67.35+0.124 10.19+0.09° 7.00£0.03E

group Alternative-A 62.80+0.27F 12.54+0.13€ 8.81+0.06°

(naturally Alternative-B 67.87+0.36* 8.34+0.17F 8.12+0.12P

derived Alternative-C 66.41+0.608 10.45+0.27° 9.19+0.165

nitrite) Alternative-D 65.78+0.175C 9.55+0.28E 9.27+0.148

All values are mean + SE.

A-G Different letters within the same column indicate significant differences (p<0.05).
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377

Table 4. Residual nitrite content, cured pigment, total pigment, and curing efficiency of

commercially available and laboratory-manufactured frankfurters with synthetic or

naturally derived nitrite

Treatments Residual Cured Total Curing

nitrite (ppm) pigment (ppm) pigment (ppm) efficiency (%)

Nitrite-Lab 13.20+0.60B  35.86+0.468  45.82+0.44®  78.32+0.83€

Nitrite group Nitrite-A 3.83+0.37°F  34.61+£0.75%  49.41+0.97*  70.03+0.59%

(synthetic Nitrite-B 5.44+035°  29.77+0.41€  40.1240.24°  74.20+0.83P

nitrite) Nitrite-C 15.6240.15%  30.21+0.24°  32.64+0.73F  92.90+1.494
Nitrite-D 13.83£0.308  26.58+0.34°  32.87+0.37°%  80.95+1.11BC

Al . Alternative-Lab ~ 8.61+0.53¢  39.76£0.37*  47.45+0.56®  83.97+0.678

ternative

group Alternative-A 5.37+0.08°  31.13+0.89¢  43.75£1.06°  71.07+0.43DF
(naturally ~ Alternative-B 1.89+0.12F  27.79+0.53°  34.34+£0.20°  80.93+1.465C

derived Alternative-C 2.79+0.10%F  21.32+0.96"  34.23+£0.63°  61.98+1.70

nitrite) Alternative-D  5.47+0.10°  24.36+0.20E  29.58+0.31F  82.49+].338

All values are mean + SE.

A-F Different letters within the same column indicate significant differences (p<0.05).
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