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Studies on Substitution Effect of Chitosan against
Sodium Nitrite in Pork Sausage

Sun Kyoung Youn, Sun-Mee Park, Yeoun-Ju Kim' and Dong-Hyun Ahn*

Faculty of Food Science & Biotechnology/Institute of sea food science, Pukyong National University
'Division of Experiment and Analysis, Pusan Regional Food & Drug Administration

Sodium nitrite which is added in processing of meat process product to develope color and to keep bacteria from
growing, produces toxic substance after reacting, bring about deterioration by oxidation and toxic substance. So
natural material is needed to substitute this sodium nitrite for. Chitosan which is made of chitin by processing
of deacetylase, has various function of antibiosis and antimutation. We studied about the substitution effect of
chitosan against sodium nitrite in pork sausage. As a result, of storing the sausage, antimicrobial effect of sodinm
nitrite was detected by 0.35% of chitosan(M.W. 30 kDa). This chitosan had same color developing effect even
though addition content of sodium nitrite reduced untill 15 ppm which is less than 1/10 of standard level. And
chitosan decreased fast a residual nitrite. This result shows that chitosan inhibited a formation of nitrosamine.
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2N R 24k AF o AAE SR e TS P8
2 slo] Aol s Azt 71 EARS ExlEko] oF 1kDa,
5kDad] AL F)71EFHe|x, Exlgo] ¢ 30kDa (F)
Biotech, EA180] ¢k 120kDad GFANF7IEALY AL 79)
sl ARSEITE 71 B4Rl EREo] oF 1kDadt SkDad &
ot g3l t 95%017, ¥AEo] ¢oF 30kDa> & olMI€st
T7F NI E, SEEF HA BF HEHA & Ao
o, 5 Bxlgo] ¢ 120kDaS & ol E3lEr} 85% o)
o2 FFE5L 20ppm o], BiATVT AEHA g2 A

2 Argrt.

2AX|e| M=

As =1 fidel 483 AW 58 Adst, A5 60%,
A 20%, BE 20%< W]&Z silent cutter(ST11, ADE
Co., Germany)ll ¥ &% 2 F3dct. ojw] 283} A4k,
dE9 HES 100%2 3l ole] tis] Ay, i, 4
&, monosodium glutamate, ascorbic acid, casein, A&} g+
7 nutmeg, white pepper, allspice 52 AFEE Table 19]
AT o] #Hrtsted AT ofAAES 150 ppmes E
Foz H/RIE, A9 A wet Ay HrER] &L

H

A
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T 75°Ce] €' Foll Eo] FALETE 65°C o) elA
308 A= 7HExE stlar 39 & A Ade 3 dF
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Table 1. Ingredients for preparation of emulsion sausage

Lean meat 60%
Fat 20%
Ice water 20%
Sodium chloride 1.4%
Sodium phosphate 0.3%
sugar 0.5%
MSG 02%
Ascorbic acid 0.05%
Casein 1.0%
‘White pepper 0.3%
Nutmeg 0.1%
Allspice 0.1%
Starch 1.0%
Sodium nitrite 150 ppm

FIEL2| ET}

B o] oF 1kDadt 5kDad] 7|EANE FEREE 2¢
o galetaa, BA1F 30kDad 120kDag] 71EANE B
2 03%9 Lactic acidol €313 & 1N NaOHE ©|-&-3td
pHE 552 At AR 7Kt &R Az Al 3
7¥ete 2B e HE JEAL S &g AQstn
A7yste] R F7HES Qs Ak 71EARS oAt
o 2A% APoMe BExF oF 1kDa, 5kDa, 30kDadt
120kDa8] 7|EAME Z4zt 0.02 g8 FAUiste] Agsadh

i

1%

2A|X[2] XEA

AzF 2ARS 30°Co ZHzh AABIEA AAH R F
AE AFs AgrE 23 AFTY 82 7 A8
1gS Fa3oz A ste] B3 phosphate buffered saline
£ pH 7.4) 9mLE ¥} homogenizedt TH, 109 3|4%
o2 33k nutrient agardl] =EEL, 30°CoIA 24717 HY
% % colony 75 &40

FIELie| 7™

7zt uAEe] ASFA A E3$ Mueller Hinton broth,
MRS ®1A], Thioglycollate WXl A PFF &, =& £AA|
o] BougEe dHA Jde FFE HESI 30°ColA 24
A7+ Zot AA Wikt & O.DE 022 UATHA 3|45}
Zhzte] ] 45 mlol] 7Y 600 uL¥ HEdth HEH 4
I s5d J)EAS 74z7b 1.5mL E33] 30°ColA] 48417
HlFSHA 600 nmollA] 352 &4 sle] T2 ASd9AS
& AARPY. 718 459 A= Gas-Pak(BBL)Yl & 10
mLE go] 712 ARl ¥ anaerobic jar(BBL)®| %3l
catalystE 2] anaerobic jar(BBL)W® F71& E7] JEiE
TDHE & 37°CoA] 48A17F wlFEte] O.DE 022 IA s
wEo] HEE FAH JEAS EFslY FHEE £33
o o3 o] ALtsidth

%=[1- 718 HA7I F99 ODIFIEARS H7het
A gk F92] 0.D.3HIX100

2AXe] ME &F

2AAE AZsS Ay TS F 10°C AT AREE
ME F 387k XS 15X 1.5X 1 em®] 2712 Zeh A3}
Al(Color techno system Co., Japen JC801)E ©]&-3}of L*
(ME), a*(@AE), b@EAZ)F o2 et olnf ARg-E
EFZAE-e 1¥=9373, a*=-0.12, b*=0.11%}.

2AIX[LY olRIAteY THRE =M -Diazotization

AR W] olAikde] ZRe 21E3A4e] Diazotization
e o] el ZAQsIHTE = 10°CH] AFE AAIA 10
g2 Adslz 80°ce) B3 IF 4]0 200 mL Wl&EFEkA
o Aoz &7l F 7|9 05 N NaOH 10 mLe} &4t
ol 10mLE Y31 Xo] 80TA 2087 FwET &9
3 yztslay 2ARIEE ¢339 20mlE ¥ol HFE ¥IE
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Ao Wo} AP gNoz gt} mE AA)A] g4l E 10mL
E ARl FIs 2k RS FAFEd o dit) A
gz ZAlH-gd 20mlo] Sulfanilamide solution 1 mL}
N-(1-Naphtyl) ethylenediamine solution 1mL, & o] 25
mLE 32 Z Ho] $AAA 2087 ¥ T E 20mLE
T 22 RAg Uz sl 3 540 nmoI A F
F=g A vg] g AFgdolA AEEY 20mL
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Log CFU/ml

Storage time (days)

- - O - -Chitosan 0% + Nitrite 150 ppm

—&— Chitosan M.W. 1 kDa 0.2% + Nitrite 75 ppm
—— Chitosan M.W. 1 kDa 0.5% + Nitrite 0 ppm
«——O— Chitosan M.W. 5 kDa 0.2% + Nitrite 75 ppm
-« % - -Chitosan M.W. 5 kDa 0.5% + Nitrite 0 ppm
~—fs-~ Chitosan M.W. 30 kDa 0.2% + Nitrite 75 ppm
--[3 - -Chitosan M.W. 30 kDa 0.5% + Nitrite O ppm
—&—Chitosan M.W. 120 kDa 0.2% + Nitrite 75 ppm
- - & - -Chitosan M.W. 120 kDa 0.5% + Nitrite 0 ppm

Fig. 1. Changes in total microbial count of the sausage with
various molecular weight of chitosans during storage at 30°C.
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AL VRt v B2 9F 120kDad] 71 EARS A
Aol F7tskel o] AUAA & A=t FAE 2 3 3
t}h, wpeba B ok 30kDad] 71EARS o]gsie] ofdiked
9] AL A 5 JE FEE A BAF F 30
kDa2] 71EALS 020%9] FE2 FA7EslZ oldAkdS 150
ppml A FE 75 ppm, 60 ppm, 45 ppm, 30 ppm, 15 ppm, 7.5
ppm7tA] A7teAY ArleiA kT Az AARAE A2
#+ Hgated 30°Cel] AAsEA Mg FEA. 2 A
ol 1 EAMS WE HUWHA] ¥ A9 AldFt A
Z 795 8.0x 107 CFU/MLIE] vl 7| EALS &7 29
Ao MZsrt AR 798 5.9X10° CFU/MmLO] 32 A A 3
oz BEFIVL Uehgon, JEARS Hrlsta ol
150 ppm3A7H3E 2} AF57F A3 794 6.0X10° CFU/mL
o7 REZI /MY FURT 23U oFAEE 15 ppm©]
= #rist Ao AL 30ppmeld A7Ee Rl vis A7
4UAFE AFS 29X10° CFUmLA=7H] §43] 5718
of Aol wgtth weba] BAE oF 30kDadl 71EANS
02%°) FE2 st obdAtd e A AR A4 o
290 AAEEE 30 ppmZHA EBAE A TR ATt
9.8X10* CFUmLe|3t= o= F% AZEA7F FAHE A
o2 epdthFig 2). EAF oF 30kDad] J)EE 035%
ol vy Bl olHAES ToHE HIWNINE AT
& obdAEE 7.5ppm IS A HE HIbskAl S
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- - O - -Chitosan 0% + Nitrite 0 ppm

~—@-— Chitosan 0% + Nitrite 150 ppm

--&-- Nitrite 75 ppm --#-- Nitrite 15 ppm

—O— Nitrite 7.5 ppm

«- O - -Chitosan 0% + Nitrite 0 ppm -—@-— Chitosan 0% + Nitrite 150 ppm
--X-- Nitrite 150 ppm - -+ Nitrite 75 ppm

iy~ Nitrite 60 ppm < - - Nitrite 45 ppm

~—&-~ Nitrite 30 ppm --#-- Nitrite 15 ppm

-—&—— Nitrite 7.5 ppm & -- Nitrite 0 ppm

Fig. 2. Changes in total microbial count of the sausage by
added various amount of sodium nitrite during storage at 30°C

(Chitosan M.W. 30 kDa, 0.20%).

—<—- Nitrite 1.5 ppm

--#-- Nitrite 0 ppm

Fig. 4. Changes in total microbial count of the sausage by
added various amount of sodium nitrite during storage at 30°C
(Chitosan M.W. 30 kDa, 0.50%).
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- - O - -Chitosan 0% + Nitrite 0 ppm

- - & - -Chitosan 0.00%

- - it - -Chitosan 0% + Nitrite 150 ppm

——r— Chitosan 0.20%

-~ Chitosan 0.35%

- - < - -Chitosan 0.50%

Fig. 5. Changes in total microbial count of the sausage by
added various amount of chitosan during storage at 30°C
(Chitosan M.W. 30 kDa and Sodium Nitrite 15 ppm).

Fig. 3. Changes in total microbial count of the sausage by
added various amount of sodium nitrite during storage at

30°C(Chitosan M.W. 30 kDa, 0.35%).
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AGE 15ppm7kA, 7IEAE 05% 7S ASlE o
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gleict. BAEF oF 30kDas] 71EAME 0.20%, 0.35%, 0.50%
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Table 2. Effect of growth inhibition of chitosans against spoilage bacteria in sausage

Chitosan S. enteritidis  S. typhimurium E. coli L. viridescens  Cl. perfringens  Cl. historyticum

1 kDa 0.20% - - - - -
035% - - - 2.70 - -
0.50% - - - 7.10 1.20 -
5kDa 0.10% - - - - - -
0.20% - - - 3.10 - -
0.35% - 124 5.99 8.80 0.60 -

0.50% - 16.7 19.1 142 3.70 6.70

30 kDa 0.001% - 0.60 - 11.2 440 1.57

0.01% - 290 26.1 24.4 25.6 19.7

0.10% 86.9 18.9 9.5 47.7 37.6 537

0.20% 86.3 77.8 94.6 729 532 66.1

0.35% 86.6 86.0 94.3 753 78.7 74.0

0.50% 86.4 93.8 94 .4 78.0 86.4 77.7

120 kDa 0.001% 091 3.20 1.70 371 18.3 13.0

0.01% 153 334 28.2 414 56.4 29.7

0.10% 349 68.9 95.0 67.2 82.7 69.3

0.20% 86.9 84.0 95.2 71.7 86.4 75.8

0.35% 87.3 93.4 95.0 75.1 86.9 78.2

0.50% 86.8 93.6 94.7 78.6 88.2 799

- Not detected growth inhibition.

Table 3. Changes in color of sausage by added various concentration of nitrite and chitosan(M.W. 30 kDa)

Treatment L* a* b* Treatment L* a¥ b*

Standard 72.10 11.04 12.95
Nitrite(A)+Chitosan(0.00%) 70.88 10.73 12.92 Nitrite(D)+Chitosan(0.35%) 71.04 10.37 12.67
Nitrite(A)+Chitosan(0.20%) 74.07 11.55 12.98 Nitrite(E)+Chitosan(0.00%) 7175 10.52 12.78
Nitrite(A)+Chitosan(0.35%) 74.25 11.55 12.94 Nitrite(E)+Chitosan(0.20%) 70.72 10.92 12.55
Nitrite(A)+Chitosan(0.50%) 72.85 11.40 13.10 Nitrite(E)+Chitosan(0.35%) 71.38 10.57 12.77
Nitrite(B)+Chitosan(0.20%) 72.05 11.35 13.38 Nitrite(E)+Chitosan(0.50%) 72.65 10.10 12.54
Nitrite(B)+Chitosan(0.35%) 71.77 10.99 13.20 Nitrite(F)+Chitosan(0.00%) 74.56 6.03 15.02
Nitrite(C)+Chitosan(0.00%) 70.07 10.81 12.93 Nitrite(F)-+Chitosan(0.20%) 74.36 6.32 15.38
Nitrite(C)+Chitosan(0.20%) 7047 10.58 12.89 Nitrite(F)+Chitosan(0.35%) 73.92 6.71 14.54
Nitrite(C)+Chitosan(0.35%) 72.48 10.84 12.86 Nitrite(F)+Chitosan(0.50%) 73.10 6.31 16.32
Nitrite(D)+Chitosan(0.20%) 73.42 10.57 12.77 Nitrite(G)+Chitosan(0.50%) 75.90 5.05 16.55

(A): 75 ppm, (B): 60 ppm, (C): 45 ppm, (D): 30 ppm, (E): 15 ppm, (F): 7.5 ppm, (G):1.5 ppm

Standard: Chitosan 0.00% + Nitrite 150 ppm

o] ¥EE Hrbstar, oFAAEE 15ppm HUFER A= &
AR} A S AVEE, F|EAE 035%0189] TE= A
7heliE W A7 7] A7t 1.3X10° CFUML o] &2
Aol AU A EAF oF 30kDad] 7|EAMS A}
|8 A5 obEArE Y AUEE 1Sppm7AE AR 5 Q)
Fom, of W AFPL FAT F UE NEANY FhE
0.35%°1 | A hFig. 5). &H EAFo] oF 1kDa, 5kDa,
30kDa, 120kDag] 71EAFS: FE=RZ 0.001%AFE 05%
7M. A7ketel AAA Y] RAggEe] tigh FEAY] A&
ARTE AT dvbg ez A7y He E coli, S.
enteritidis, S. typhinwriums A% ¢F 30kDa®] 7)EANS
035%, A% ¢k 120kDa®] 71EARS 02%°)1% H/19S
o 80%°]4e] ASAUAAAHE Vi, L viridescens
B2 70%°1/39) BEAATAE vebdT: w3 g xA
Al #AE He @714 4550l g 7Bk AedAE

S ARy 7|EM BAg oF [kDa2l 035%2 FxEolA,
B4 oF 5kDa®) 02%2) FEolA e A& v
R et BAbE oF 30kDast #AF °F 120kDacll M &=
0.001%2] F=5E AT Yehor 050%2 5
Lol 70%01/d2] ABSAA &S UERHTH(Table 2). A7HA
o7 BAEF oF 120kDa®) 71EANS] AS ESaoAAY F
o Bodshe BiEEe] ol dish s AsdATIsE A
e Aoz Yehdth. AF7AY] AR 2AA Y] BEY T
E2ke] FHrlz <la ofdatde] AVMEHE A £ AU
B AL 9uisiy, 2R E) QloiA opALME e kA
AL zEg o 9% 9| AYe 442 AlsEY. 2
HER AR FEAMS #Hrlele WHo R 7P vk
3 AL obdalgo] AU AT F AR AN
Fojghe 71 Ho3 F /A A4 AR #3T ¢ A
= B89 A FHaghe] ofdAdE HUtslal, Ad B
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Table 4. Changes in color of sausages with 15 ppm nitrite according to added various chitosans

Color
Treatment 0 day Tdays 14days 21days 35days

L* a* b* L* a¥ b* L* a* b* L* a* b* L* a¥* b*
Nitrite 0 ppm + 7381 658 1566 7362 673 1526 7378 657 1545 78.83 458 1253 7882 401 1321
Chitosan 0%
N1t}'1te 15 ppm + 7487 9.01 1294 7497 961 1247 7994 751 1050 7943 7.16 1061 7950 6.70 10.88
Chitosan 0%
Nitrite 15 ppm +
Chitosan(A)0.2% 7239 927 1252 7242 1033 1353 7278 983 1405 7173 10.51 1351 71.64 986 1353
Nitrite 15 ppm +
Chitosan(B)0.2% 69.09 956 1247 69.08 11.05 1279 6945 11.64 1346 6927 1178 13.14 6943 11.18 13.12
Nitrite 15 ppm +
Chitosan(C)0.2% 7036 938 1257 7247 1087 1272 7238 1093 1288 7154 1021 1274 7189 10.09 12.11
Nitrite 15 ppm +
Chitosan(D)0.2% 7028 952 1242 7232 1053 1324 7214 1072 1265 7234 10.62 1257 7237 1043 12.62
(A): M\W. 1 kDa (B): M.W. 5 kDa (C): M.W. 30 kDa (D): M.W. 120 kDa
Table 5. Changes in color of sausages with 150 ppm nitrite according to added various chitosans

Color
Treatment 0 day 7 days 14 days 21 days 35 days

L* a* b* L* a¥* b* L* a¥ b* L* a* b* L* a* b*
Nitrite 0 ppm + 7381 658 1566 7362 673 1526 7378 657 1545 7883 458 1253 7882 401 1321
Chitosan 0%
Nitrite 150 ppm +
Chitosan 0% 7565 957 1283 7622 963 1332 80.86 7.82 11.10 8093 744 1093 8054 692 11.13
Nitrite 150 ppm +
Chitosan(A)0.2% 7177 1096 12,65 71.83 1093 13.72 7253 11.03 1357 7255 1093 1349 7227 10.82 1327
Nitrite 150 ppm +
Chitosan(B)0.2% 7143 1092 1234 71.62 1094 1344 7153 11.01 1338 7210 11.10 1342 72.03 11.05 1324
Nitrite 150 ppm +
Chitosan(C)0.2% 71.09 1096 1216 7156 1099 1233 7128 11.03 1335 71.17 11.09 1334 71.78 1121 1355
Nitrite 150 ppm +
Chitosan(D)0.2% 71.83 1067 1224 71.87 10.82 1327 7189 11.04 1336 7183 11.12 1333 71.82 11.58 13.15

(A): MW. 1 kDa (B): M.W. 5 kDa (C): M.W. 30 kDa (D): M.W. 120 kDa

& I|EMe R dhAske el AAHQ Ao Atgd
2AIX|Q| M=

obEdde 7 T8 A8 T sl AR
WPee AAEE S0 AFsich BAF oF 30kDa
9] 71EE 0.00%, 0.20%, 0.35%, 0.50%2] §%2 zt7t 3
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Table 6. Detection of residual nitrite in sausage with 15 ppm nitrite according to added various concentrations of 30 kDa and 120

kDa chitosans

Concentration of residual nitrite (ppm)

Treatment
Oday 1days 7days 14days 21days 35days
Nitrite 15 ppm + Chitosan 0% 2.94 2.55 0.97 0.56 - -
Nitrite 15 ppm + Chitosan(A)0.20% 2.95 2.01 0.85 0.39 - -
Nitrite 15 ppm + Chitosan(A)0.35% 2.97 1.84 0.78 - - -
Nitrite15 ppm + Chitosan(A)0.50% 3.01 1.65 0.53 - - -
Nitrite15 ppm + Chitosan(B)0.20% 3.09 1.53 0.41 - - -
Nitrite15 ppm + Chitosan(B)0.35% 293 1.37 - - - -
Nitrite15 ppm + Chitosan(B)0.50% 298 1.14 - - - -
(A): M.W. 30 kDa (B): M.W. 120 kDa
-2 Not detected nitrite
Table 7. Detection of residual nitrite in sausage with 150 ppm nitrite according to added various chitosans
Concentration of residual nitrite (ppm)
Treatment
Oday 1days 7days 14days 21days 35days
Nitrite 150 ppm + Chitosan 0% 54.05 51.07 36.59 24.67 10.68 8.07
Nitrite 150 ppm + Chitosan(A)0.20% 5521 50.22 23.06 15.68 7.41 6.43
Nitrite 150 ppm + Chitosan(B)0.20% 53.18 48.65 21.72 14.38 5.75 4.86
Nitrite150 ppm + Chitosan(C)0.20% 53.27 47.6 20.15 13.07 5.56 3.98
Nitrite150 ppm + Chitosan(D)0.20% 54.72 44.8 20.06 12.89 341 2.32
(A): M.W. 1 kDa (B): M.W. 5 kDa (C): M.W. 30 kDa (D): M.W. 120 kDa
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Fig. 6. Effect of nitrite-scavenging by various molecular weight
of chitosans under different pH conditions.
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