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Effects of Chitosan with Different Molecular Weight and Nitrite
Addition on the Residual Nitrite Contents and Self—life of
Emulsified Sausage during Cold Storage
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Abstract

The objective of this study was to determine the effects of residual nitrite contents, chitosan with different molecular
weight and nitrite addition on emulsified sausage during cold storage. Six types of sausages were evaluated: control, 0.5%
50 kDa chitosan (T1), 0.5% 200 kDa chitosan (T2), 150 ppm nitrite (T3), 0.5% 50 kDa chitosan+150 ppm nitrite (T4), and
0.5% 200 kDa chitosan+150 ppm nitrite (T5). Each type of sausage was tested in triplicate and assigned to one of four stor-
age periods: 0, 10, 20 and 30 days. As the storage time increased, the presence of chitosan and nitrite resulted in decreased
residual nitrite value and increased pH (in control and T2), TBARS (thiobarbituric acid reactive substance) values, and total
plate counts (TPC). Values for pH, TBARS, residual nitrite and total plate counts decreased significantly in response to the
addition of chitosan and nitrite relative to the control (p<0.05). TS was redder than the control (higher CIE a*) at 30 d; how-
ever, no difference in the CIE L* and b* values was observed. TS was significantly (p<0.05) more effective at delaying lipid
oxidation when compared to the other treatment groups. T5 presented TPC that was significantly lower (p<0.05) than the
other groups after three days of storage. In addition, the use of chitosan and nitrite in combination had much better antioxi-
dant and antimicrobial effectiveness than other treatment groups. In conclusion, this study demonstrates that the addition of
0.5% 200 kDa chitosan and 150 ppm nitrite in combination with emulsified sausages tended to improve antioxidative and
antimicrobial effects during storage when compared to other treatment groups.
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A 7FEAZANA] DA R H7tEE olAilde dx]
SAo] by 9 QPgs) Wt ofe} Clostridium botulinum
o et Fd=Hg, ErlEae] A

8 SAE] F
o g, A9 ke o] FR3 TS 5] ulEel B

o] o853l A Brooks et al., 1969; Duncan and Foster,
1968; Gidding, 1977). 12y &% 2 AA| o] 7= o}

Qe o A} BHL AW, O 4L A5 0
EZRIZNEE 5 T554S o th(Woo ef al.,
1982). o} &AM} A2g & 35 oFWl#}e] nitrosod}t WS-
< 9 o] w2 s AA Al dojue WkEA
9] nitrosamines A& 4= AtH(Massey et al., 1978). ©]
g A disiA= AS7FAE HrbEe ofdlt
Qo] ¢ AxH AF ol FHESh= ofEAE e ol
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A BASGT A K Tanenbaum et al., 1974;
Witter er al., 1979). ZL&u} o}bdAbdo] A U= TRt =
&S A 5 e EHo] gl7] wiiol SAlE ok
ko] e FAS] ABFAA AR U= A
ojth. webA ofHAEL TFsd g AMSEkA] e Ao]
HEAElE g HAAEARE 8] A AY 1 AR
oA opEibd ) 28-S A & U= el AT
slojol & Rolt).

79 9 7Ee A Bl HRF AHe N
oM E-2FFZA O] B-14-ZHIAE At H4 o
o] Fo2AM AR Q20 FFALYY] F C-29)
FR717L ooy 2 X|hE 318F Fx2o)aL, F]
B 71"l EAshs oE7 )17t AAR FERAS 2t
3 e, 71EARS 7RE Y| dolMds)sto
AzEm, Zak 9 220 2e {71k ok QA 2 A
2F T3 2 TR S3Ee EEEA 7B 892
A=r} =11, SE53F |8 1S 7| tk(lkeyama and
Morton, 1995). =384 3-8l QoA 7|EAE A2 &
T FdFFolAdS zkar o (Moon et al., 2007,
Soultos et al., 2008) o]&|3+ AAL AEo] HEAS T
AT Youn 5(2001ay2 71EARS R7IRE =5 2
Aol 4] TBARSS} HALgosS SAste 7|EAM] 4t
she= Haslgon, 7|4k dt a3 AgeM 71
AFo) Escherichia coli O157:H7, Salmonella typhimurium,
Listeria monocytogenes 59 ‘%‘%@ﬁ-‘ﬂ %’—4% ‘214%1]“5‘]-51
Jo et al, 2002), =SAZd
ludwigii, Lactobacillus viridescens, Listeria innocua 52
Tl wES] A EAr} vkl B arsteith(Sagoo
et al., 2002). B3, 7] EARE QPHAdo] a1 284 Fol A
obAL FEFS HAAZ TS BalsHitH(Youn
et al., 2001b).

wEpA] B AFlAE 731 AR Az Al AR
02 7|EAH} ofdba s vl 52 33 3 HUlete
W Aske st 138 AR pH, S4, AF 4F
=, F e B oPEAIRERS AR 71EA
3} opEbo] AAlA] F- PAE IS HESIH

AAM Saccharomyces

ME o Uy

LMK M=

AR AxE 73 ARG Az Fstko] A
z3e). A Aok B8 st A=k At 2
AZAE AASIL, 2447 JF BASE & 5 mm Z|0]
EM-128, F=FAEUAL =2 st ARSskiT
3 985S AE7|(K15, Roman, Spain)ol] ¥ %
A&oz IAZIEM ZHEF 55%, AT 15%, D&
5.3%, 2AIA A=Y 3%, 27 1.5%, Q4D 0.2%, 18

T 5 20%E Hjgel met AT Ak
2545 WA 3l WEE AgST, 4% W

£ THS § 140 = I|HsidA ZAFE Aol
53 EEHAS W AHS ¥ s A f3lEe
polyvinyliden chloride casing(¢50 mm)el ¥73 & 7}
7](NU-VUES-3, Food Service System, USA)o| A 75°C=
70327 7HESE & 52 Fof] Waste AAIA] ARYS
0¥ AL 10, 20, 30U+ 4°ColA APdahax AAsisct.

AHFE FEAT oA AR B A PE
U2 TE slar, EAEFo] 50kDagl 71EAF 0.5% H7e
TE TI, ¥AFo] 200 kDag! 71EAF 0.5% H71eF 15
T2, o}&2kd 150 ppm H7FTE T3, 50 kDaQl 7| EAF
0.5%<} o} 150 ppm &5 A7H-E T4, 200 kDagl
FVEAF 0.5%$} o}FEAF 150 ppm E3F 7S TS5 52
2 UFAa, 71EARS 85-90% EolAlEs) A7 FEajako]
50 kDa#} 200 kDa2l 4~8-4 71EAHKH-LV3, KH-MVOI,
Fresshd, s THske] ARSI

NS 9 WY

pH

pHE= A& 10 g0l S/ 90 mLE 7}skaL, vha)7)(NS-
50, Japan)@ 10,000 rpmol|A] 1383+ 7238}8t & pH meter
(520A, Orion Research Inc, USA)Z =43} t}.

TBARS(thiobarbituric acid reactive substance)

TBARSE Witte 5(1970)2] HPHol wa} A|2 20 gol)
20% trichloroacetic acid(in 2 M phosphate) A]2F 50 mLE
Yol 7A3 F =/7FE 100 mLE A3l Whatman
No.1 oJz}x]ol] oz}t 5 ofl 5 mLE 3} 2-TBA(0.005
M in water} &< 5 mLE Yo EE 3 1523 WA
B3 & 530 nmol|A &3 %=(Sequoia Tumer Co., USA)
£ S48kt

Z Old8=E+

Z MAETE AIE 10 g& 1% peptoneT™ 90 mLE ¥
31, bagmixer(400, Interscience, France)Z w&3F T2 1
mLE xF3sle] FH|E 90 mL peptone=ol] Fo] 3]43}
3 njg] ZAg viA|(plate count agar, Difco, USA) 3
7 v gate] 35°Coll A 48A17F v FEE £ UEUR= colony
F= AF3l Log CFU/ge & VERRITE

OPEA IR
olAArARZZL AOAC(1990)S] AP whyol| whet

AT AE 5ol S/ S0mLE 7}sial, 40°Ce
FZo| A 10837 7FE3%E & 3} HgCl 5 mLE ¥l 80°C

oA 2A17E &<t T 7FERE F- WZste] o Fsiitt. o
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A 10 mLol| sulfamilamide 1 mLE 37}8le] 2lLo)lA 15
B A% o2 540 nmE §3=(Sequoia Tumer Co.,
USA)E S43th

S A
=
FHL 2AAE At g7] Foll 3087k =E3)

of WAl 5 AX}A|(Color difference meter, Minolta
CR-300, Japan)& ©]-&3le WE(CIE L*), 2% (CIE
a*), FALE(CIE b*)E SAsIAH. oW A3 %F4
L& L*=96.16, a*=0.10, b*=1.90%]1 W2 ] calibration
plates ©|-&3t3aL, 53] WHEste A4S & Hd @S

SER Y

A2

[y |

EA 4L SAS program(2002)2] GLM(general linear
model) procedureE- ©]-835}] A 7o) EAHEAS AAE
ow, 7} AT Bk Aolo| ot frold AR
Duncan®] T AAAWHOZ 5% FollA] AASHAT

A o nE
pH
EAgo] e 7ENT o} NAe B & Eitel
o A1 K848 2AAE 4colM AgEEA 53

AU

pHe] Ws}= Table 13} Al AA7|7te] st wh
RE AHgFlA pH7t AREHOZ AA3] Frtske A
o} 79} T20| AR oS HATHp<0.05). A2+
Zroll QJoiA izt T1x T2olA pHZ}F =9k, 7] 8
o] Al TR e Aekolu Fo411 Aole
AATE. 22yt oFAAA(T3) B 71EARY ofEibde &
A F=(T4, T5) 279} 71ELF @A e ¥
kow, 53] EAto] & 7|ELN o} Lk Al
A(T5) 7P 2 pHS B GtH(p<0.05).

Chin®} Wang(2004)& &A1 Aol 71EARS H7FsPH pH

7} AN, A7 Zjolol] 9@k oL gl sk
3, Kim¥} Choi(1999) 71EAM} o}k A=)
A7FIAE W 7|EARS: AR BE Xl A v pH
= Jehidohs Bagl g2 Agolqit). olE 7| EARS
g38l7] flal ks o] 83l B A 84 7|E
2H& AMgElg e g ga)shy] Sl eRike AMEEHA] &
RormE UE ARE Hole Zog AlgHrh

Soultos 5(2008) 7|E=Ak} oAkl 2ol 2] pH
oAl Wt fldar, A7F71ke] AVAA pHZF
53t} SPaA I o]fE A E 93] g=uo}l 2
A71dskgtEo] Sk wiel} gt vl ATH(Nychas
et al., 1998). ¥ AFo|X & Fo pH s °olf=
AR YR dd 2 2d T #8 E vAE S
202 218 ammonia®} amino sugar complex®} &
FoikEe] ol ot Axfe} AlEEtH(Jay and Shelef,
1978).
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TR XX3] FHadhe AEFellom HEztel 9]
4e gtk AHEE Y= CIE a*3he A73713to]
ZAsidA AsHAaL, A 209 ©o]F uls RSt
(p<0.05). A&]FZt QoA WEFRTE 7| ELk obdit
& FJ7HIA =2 AEFeld A% 0, 10 2 20€ell=
o]&9l xto]7} QAar, ©A] 3044l 200 kDa 7| EAM} o}
7N B8 AeTEn ANETE =30t &
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Table 1. Effect of chitosan with different molecular weight and nitrite on pH of emulsified sausage during storage at 4°C

Treatments"

Storage time (d)

0 10 20 30
Control 6.38+0.03%8 6.41+0.06°8 6.44+0.04%48 6.48+0.04%
Tl 6.37+0.03* 6.40+0.02° 6.40+0.05% 6.44+0.05®
T2 6.36+0.02%°B 6.39+0.02%4B 6.41+0.04%A8 6.43+0.05%*
T3 6.30£0.04° 6.34+0.05% 6.36+0.04° 6.37+0.03"
T4 6.30+0.06" 6.34+0.04% 6.36+0.04° 6.38+0.02°
T5 6.28+0.03¢ 6.30+0.06" 6.33+0.03¢ 6.35+0.05¢
Means£SD.

**Means within columns with different superscripts are significantly different (»<0.05).

ABMeans within row with different superscripts are significantly different (p<0.05).

DControl, no chitosan and nitrite added; T1, 0.5% chitosan (50 kDa) added; T2, 0.5% chitosan (200 kDa) added; T3, 150 ppm nitrite
added; T4, 0.5% chitosan (50 kDa) + 150 ppm nitrite added; TS5, 0.5% chitosan (200 kDa) + 150 ppm nitrite added.
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Table 2. Effect of chitosan with different molecular weight and nitrite on meat color of emulsified sausage during storage at 4°C

Storage time (d)

Treatments"
0 10 20 30
Control 69.46+1.35% 68.32+1.05"B 66.40+0.938 64.43+1.01¢
Tl 69.46+1.414 68.45+0.534 66.49+1.28" 64.72+1.318
CIEL* T2 69.67£1.31* 68.80+0.414B 66.32+1.228 63.77+1.97¢
T3 68.73+0.52* 68.24+1.1148 66.29+0.84" 63.94+1.65¢
T4 69.47+1.36" 68.49+1.32 66.00+1.09 64.26+0.928
T5 69.46+0.91* 68.44+1.00* 65.87+0.548 64.40+0.96°
Control 9.43+0.09" 9.03+0.62* 7.7340.51%8 7.36+0.21%8
Tl 9.20+0.314 9.08+0.514 7.91+0.618 7.48+0.10%8
CIE & T2 9.21£0.774 8.87+0.59% 7.92+0.6948 7.21+0.29%B
T3 9.44+0.46" 9.08+0.18" 7.87+0.548 7.20+0.27°8
T4 9.62+0.2" 9.40+0.15* 7.9440.58" 7.53+0.40%8
T5 9.81+0.18" 9.52+0.10* 8.1440.678 7.81+0.38%8
Control 9.17+0.70 9.26+0.79 9.25+0.92 9.02+0.59
T1 8.96+0.78 9.25+0.64 8.70+1.27 8.98+0.92
CIE b T2 8.88+0.69 9.08+1.01 8.54+0.84 8.66+0.78
T3 8.76+1.02 8.79+0.97 9.18+0.73 9.02+0.64
T4 8.86+0.87 9.56+0.32 9.43+£0.37 8.61+0.65
T5 8.97+0.76 9.07+0.75 9.17+1.00 9.38+0.53

Means+SD.

*“*Means within columns with different superscripts are significantly different (»p<0.05).

ABMeans within row with different superscripts are significantly different (p<0.05).

DControl, no chitosan and nitrite added; T1, 0.5% chitosan (50 kDa) added; T2, 0.5% chitosan (200 kDa) added; T3, 150 ppm nitrite
added; T4, 0.5% chitosan (50 kDa) + 150 ppm nitrite added; TS5, 0.5% chitosan (200 kDa) + 150 ppm nitrite added.

Chin 5(2006)2 7|EARS AAJR|o| H7lslHS W
T e JIER 7Ol =4 e
T WS $F3aL, Kook 5(2003) 71 EAR} A4kt
TS AAGLAIA ) Akl Hxet Ades A F
of Zfol7} glom e E= Frieite Hale & 2439
Ao} tha thE Aol nt. o] AR HItEE A
Wk 71EARS] H7EEF 9 AR Aoldl] 7)lE=
Zo= e

ol L HAE e 1177} 7HR B o) &
gl=lo] dikst &AE AskaL 1A0] $52] myoglobin
I} ¥h8-5le] HAA|5-212] nitrosomyoglobing THEA1, o] &
A AL 71l 93] F&AQ] nitrosyl hemochrome®]
PrkKim and Kim, 1999). o] o4 Zo 7}do] 3]
globin Tl o] WA= =d|, ojuf 7]E4le] 2-g-35lo]
nitrosomyoglobing FF3}A|A 718 Fof x|&FHo =z of
A3} nitrosyl hemochrome2- AJA38}7] wjFof A2 =7}
23 81K Youn er al., 2001b). Kim S(2004) 5
FHe) E¥shs S48 W= A47|io] ARETE
metmyoglobin®] RS- Z7)Elar, A 12U 71 EA
Aol A FolF e g Ygkon, oxymyoglobine: #4177
Zro] ZBapstAA FHAsARE 7| EAE A7l A7t
I Aol =& TS VERAIT Barskglth. Oxymyo-
globind 249 Fus Yehlls AEZ 1 o] S5

al

Ry
N lm 12 of

28 JEPATHStrange ef al., 1974). B A ol|A 24
Tt S ol Al o3 Aew AlgHM, A

AE7} Fom {Ae §AY 4 glom, FARK ®
%ol @ oz g,

TBARS
BAge] Te RN o} U Fe EFS
o WK 818 24409 Ag7IKle] wE TBARSHS}

+ Table 37} Zo] BE HFox A7|3o] 2}t
w2t FA3 A F7FFATHp<0.05). 252 A k)
T7F BoAE A2 AEdas 9 vAE giib S
oJs)| Ato] Badoz FAE E2o 2Jgk AAd| (Brewer
et al., 1992), o]2Ist 21&2] A% Foll TBARSES] W3}
= 259 At 24, pH, AlRe] A7), &%l JEFS
o] Hh=t}(Keskinel et al., 1964). YHFH O 2 282 A
Z717r0] B3e=E TBARSEO] S7Fsl=4|(Witte ef al.,
1970) ¥ AFN= 22 Aot A2kl lojA]
A7 0ol 79t TIL F9491 2pole glont T2,
T3, T4 2 T34 & TBARSZES YFERNSIAL, 200 kDa
7| B4} o} datd S B3t AUk TsAlA 7Y W gk
S Hola lom olye AT AF F ALHATE A
Z 3089 TIS AQlslas E2FHT w5 TBARSZL
S HYo= 7B oAt Ake] s A|AA|
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Table 3. Effect of chitosan with different molecular weight and nitrite on TBARS (mg MA/kg) of emulsified sausage during stor-

age at 4°C
Treatments” Storage time (d)
0 10 20 30

Control 0.390+0.008C 0.466+0.008*° 0.481+0.008*® 0.508+0.014*
Tl 0.381+0.010%¢ 0.461+0.014%8 0.475+0.005%8 0.5124+0.016*
T2 0.375+0.007°8 0.464:0.005*A 0.465+0.001%4 0.479+0.009%*
T3 0.370+0.008"8 0.456+0.005*A 0.454+0.006"4 0.470+0.007%*
T4 0.357+0.003¢ 0.449+0.015%8 0.444+0.005"8 0.4724+0.010%
T5 0.355+0.004C 0.422+0.031%8 0.439+0.006°A8 0.462+0.009*

Means£SD.

**Means within columns with different superscripts are significantly different (»p<0.05).

A-BMeans within row with different superscripts are significantly different (p<0.05).

DControl, no chitosan and nitrite added; T1, 0.5% chitosan (50 kDa) added; T2, 0.5% chitosan (200 kDa) added; T3, 150 ppm nitrite
added; T4, 0.5% chitosan (50 kDa) + 150 ppm nitrite added; TS5, 0.5% chitosan (200 kDa) + 150 ppm nitrite added.

7= Aoz Rtk 53] EAEg] B& 7|Eqk ofd
A+e] A7k TBARSES o402 UE3Uth(p<0.05).

Shahidi 5(1999)2 SA]3&o] 7| EAM 23 grt3l &
A& 71d3= 52 hemoglobin® 25
A3 ANEdste) ABFES Y 5 e Yol ]
1Eth 51903, Youn S(2001a)S 7| EARS H71sh =&
2A|A el M TBARSSE AAlzoles S48t 71241
grtslss Hastglon, 7|EAke] EalEg) Hrheke]
S71eE gikslee 9-431th 3FTE Darmadji®}
Izumimoto(1994)= 9-5ollA &kl &2 A7 2710
YeP A @gkon, A3 7)7ke] AEE A 4ts)
&5 FaAHoH, FUKS 7B FETt SUMERE
AEHE-& 7H43t) Soultos 5(2008) 7| EAKY ofgAalked
A7t A TBARSERO] Hal, o592 &3F 2] FollA
a7} ks Haste] B A3 fARE 29E
ERfAch.

(

of

fr

E0|d=+

Bjego] ThE F1EA} ol S B Fe B8

of 7Kk 1318 ARG A7t T mdEe] W
3h= Table 491 20t A%7|3te] AHstaA mAET=
718k o2 7L (p<0.05), A 0dol= AE++
7ol ool 1o(p>0.05), A7 713to] A LpaA thx
T9F T1, T3RT T2, T4 2 T30 W& n &SRS U
Ehfjo] Exte] & 71EAF 32 J|ELN obEikd
A TN BBEFTE WA, EAle] £ J|E
A oLk o] &9t AE|TrellA] Y W ks Ho|n
UTHp<0.05).

FVEAS] 8kt a3} YUl A] F|EAY] Escherichia coli
O157:H7, Salmonella typhimurium, Listeria monocytogenes
So WaTe) 24 oAlsh, 1 24 oA Ak
A7beE 71BN w=8) Hlglsta watgo] E45 o
A= =51 3F99aLdJo et al., 2002), Sagoo 5-(2002)
L ESAIEN UM Saccharomyces ludwigii, Lactobacillus
viridescens, Listeria innocua 52| F-31/4d A& 474
A &7} ATk 51991, Youn S(2000y AAlR| 9] B
S BgE ATelA 71ELNY g Ag-e EAbEe]
FE A e ExbEe] 120 kDadl 71EARS 0.5%

Table 4. Effect of chitosan with different molecular weight and nitrite on TPC (Log CFU/g) of emulsified sausage during storage

at 4°C
Treatments” Storage time (d)
0 10 20 30

Control 3.3440.02° 4.65+0.03%C 5.98+0.17% 6.99+0.18*
T1 3.34+0.03° 4.40+0.23¢ 5.75+0.14%8 6.79+0.10%A
T2 3.34+0.04° 4.2840.14%¢ 5.53+0.24%8 6.62+0.10"
T3 3.35+0.04° 4.63+0.25%¢ 5.95+0.13%8 6.98+0.17*
T4 3.35+0.03° 4.2740.08¢ 5.50+0.23%8 6.59+0.12*
T5 3.34+0.04° 3.98+0.12¢¢ 5.36+0.22¢8 6.47+0.13

Means+SD.

**Means within columns with different superscripts are significantly different (»p<0.05).

A-BMeans within row with different superscripts are significantly different (p<0.05).

DControl, no chitosan and nitrite added; T1, 0.5% chitosan (50 kDa) added; T2, 0.5% chitosan (200 kDa) added; T3, 150 ppm nitrite
added; T4, 0.5% chitosan (50 kDa) + 150 ppm nitrite added; T5, 0.5% chitosan (200 kDa) + 150 ppm nitrite added.
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A7V 75 oS 150 ppm HiA|SE &S UE
WO, 30 kDa ©]/de] BAFS Zte 71EANY] A9 B
RS I F e FeE BHusyn. 71ELl]
PR o FEETe doz AEHe] A,
AlEEe] el da 71 EAR AR Aol o Al
¥ ARE At e HAEEolA fAAke) T o
A o2 4#A Adtk(Hirano and Nagao, 1989). 7|E
Ahol b o3t at/de] ztole Al wE A
Sw Aolz ol4F Fwel Ul FHo] Yeka]
o)zt AZETH(Yun er al., 1999). F79] FHIAYES
3AIXE 7 Log CFU/ge} Bl 1A o] o] )
7] @Alolw oLt 2R 54T Nottingham,
1982). & A3 2= AgFelA 7 Log CFU/g ¥
OMRZ A WAL FATAZ HolEA e AL,

BAjage] e JIEN olaNde U Fe EFS
of W #3818 2AAE WILEA AP Fd

o}l Ak ZHEEES Table 59 2t} o}AAlAS H7eA|
2 Tk T 2 T200A o] JEFS A=
T AAJTh opEAZIE RS ofdkd HIbrell A A%
7I1R¥o] AFAM Akl (p<0.05), A7 0, 10, 204°]
= ATzl 721 Apol7} gliom, A7 3000 T3
Hep T49} T5OIA W s HYlos 7|Eq) ol
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Table 5. Effect of chitosan with different molecular weight

and nitrite on residual nitrite (mg/kg) contents of
emulsified sausage during storage at 4°C

Storage time (d)

Treatments"
10 20 30
Control ND? ND ND ND
T1 ND ND ND ND
T2 ND ND ND ND

T3 9.49+0.42* 7.50+0.57% 5.67+0.38° 4.67+0.56°°
T4 8.45+0.60* 6.77+0.58% 5.32+0.55¢ 3.55+0.37°"
T5 8.47+0.53* 6.34+0.54% 4.73+0.54C 2.98+0.43°P

Means+SD

“*Means within columns with different superscripts are signifi-
cantly different (p<0.05).

APMeans within row with different superscripts are significantly

different (p<0.05).

"Control, no chitosan and nitrite added; T1, 0.5% chitosan (50
kDa) added; T2, 0.5% chitosan (200 kDa) added; T3, 150 ppm
nitrite added; T4, 0.5% chitosan (50 kDa) + 150 ppm nitrite
added; TS, 0.5% chitosan (200 kDa) + 150 ppm nitrite added.

2ND: Not determined.
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