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Effects of Pigment of Red Beet and Chitosan
on Reduced Nitrite Sausages

Jong-Ok Kang* and Gang-Hyun Lee

Department of Animal Resource & Science, Dankook University

Abstract

This study was carried out to produce reduced-nitrite sausages by using the red beet pigment and chitosan.

* The addition of red beet pigment affected the color of sausage and was effective in nitrite scavenging ability,
water holding capacity, and tenderness. The addition of chitosan was effective in water holding capacity and
tenderness, but was not effective in nitrite scavenging ability. On the other hand, the use of # -cyclodextrine was
effective in water holding capacity and tenderness. Pyrophosphate was only effective in water holding capacity.
The adding level of nitrite could be reduced by half by using red beet pigment and chitosan for the development

of color of sausage.
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IS &2 HA R AHd(potassium lactate B sodium lactate)
o]\t chitosan 59 F7E BHEAES =Y 4 A7) w29
(Park et al., 1999; Youn et al., 2001), o} Ald o] F5 A7}
Z2 & Aol & 4 ok

A= AAitd, olAAld o] H7)i= dimethylamined} nit-

rous acide] ®Whg-of 2|3 dimethylnitiosamineo]&t1 &}
GEAS AT Utk 5}@}4 o] & <A3I glon,
olo e} B EoR B 2JtHMoon et al. 1974;

Woo and Lee, 1982). T}3§3] = 0} SA|Z oA WerEZ 0]
nitrosamine©] HEHThE FH-S 714 AL 2 H A
M e oEArge] FE7F 50 ppb 59X nitrosamine
o] AAHE 4 Jlvtn 5 1‘4—(Judge et al., 1989).
me oldadel AgRe Argel ozt A% A%
o] HEFo 2 JAAJ] AFE 1 Y|, 1 ke njZe] A
F AF et g2y dekg oz 100~ 120 ppm(Judge et
» 1989), 483t @3] B9 70 ppmelth. e} A7)
‘QEJ A FNA S ZHEFL 20 ppm o™, F+- 50
ppm F=2 dHA D Stk I, FE §AFM = 05
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ppb FEolAvt Ao WHHI YA ZrHMikami et al,
2002).

o} Akl 2 150 ppm ISl = A Eo o] HF FE
= 70 ppm ©|3tE ZtAEH, 1 A S pH o AAAZE,
Lo wg} thErKKang et al, 1995).

upEbr] Aok, ofd At AMEERA] e ¢ Utk At
SR RE Ao HAdolA T #A o] F oAl gl B2 o]
Oh Wb 1 REFE ALk weo] W8 97w
SITHKIm et al. 2001; Jo et al. 2002).

e, HAMg2A Fu)(pigmented rice) 25-EH FEH <
EA)old(anthocyanin)¥ A8 o}24td o] BA4F 7leke) 12
T T Arlste] Al §3E AF o 8A A F
oAt el AH8-E 2Y F UATHKang et al., 2001).

E3l, o9} 2 polyphenol AlE2] HAMAE g4tz &
T, G, =3, FHAHE ASAA, G 55 A 59
e 7)%0] P& Aog BuE 3 YrkKim et al, 1999);
Nam and Kang, 1997).

Chitosan- g-A|(red crap)oljx] FE58 54 HolAdH=
SAFo| M-S w A gL glom, 84 Aol
Aol e Aoz AAHT UtHYoun et al, 2001;
Chang et al., 2000).

B AT ol e HAEE B 122 Fola Al
of Fle=vjEA FZ3 ZeldeA A M4 ¢ chitosan
& AN RAIRE A&t A, ofdAA S 2HER, B
48 4 A X(tenderess)E HEZ 2N o}z o] Mtk

g Folzd 1 BAL Tk

2
R %2 op

SR

AlZZH|

#| =V E(Bera vulgaris L. var. rubra) A= HERER
TE &, £eAte AH 2% Al(refine)ste] A, #5-
Z, ArL RS R (PHIVFREREH ATHAUTE
Chitosan-& T=thgta Y38 A BSAE W (F)utd7)
vzl A ZERe A E A (M W. 10,000) chitosanC. &2
=& 10cps, BolAE 8= (deacetylation degree)x= 95%°|T}
AR 9] HE &S =559 A=7] 80%, A 20%, H
S 10%, 28 1.7%, 2% 0.6%, BIEFL C 0.04%, olaity
0.015% (dZF), 0.0075% (A&l7), A=HE 0.02%,
chitosan 0.2%, B-cyclodextrin 0.02%¢°]|™, A Z23 L B4
wpsjel] ojsted, 273 3 cme] AAIAE AxSAT. =4 7
THE Aol HIEES 0.02%2 248 AL Eo] H1

Sl el AE e NS K430 AL

M ZX(Color measurements)

ABE Adsle] FH-E chromameter(R200b, Minolta,
Japan) 2 CH- oA B E(lightness)ZE VERY & L'zt Aaw
(redness)E UEMNE a 3t3 34 S(yellowness) S VER]E
b'ake ZFEATE o W] HIFMTWE L'=92, a=03l,
b™=0.3¢] calibration plate® X Zo @ Alg3dlgom A8 6
B8 T S5t HdgkE Ttk

B2 (Water holding capacity)

74k A HHHEOE A8 2 g& o FA](Whatman No.
29l 32 10 kglem’9] o2 182F 7148 5, J x|
H7 £3589 AA L planimeter2 2% 3}7 The Ao &3]
AlLksrd ok

HEH%) = (A - BY x 100

ol At i3] HAWA, BE 2Axd] ofsiel 44T
eel WAS Yerit,

Of&Ated 0|2 ZZ(Nitrite ion measurements)

A7} oA o] IEFE ST oA HI R o7t
obdated o} A ¥ (scavenging ability)& 7 317] st =t
AApo Al B(2 F WAl BE, 24X 27%)3 Al
5 5 g& 50 mL& HlojAd Ha F, &wFe] FFB0 T)
£ A7 el e s Easte] 200 mL-§ Wl AEetae
ol oluf Z&tAa HEFL 150 mL o]8}= &) o7
0.5N NaOH &9 10 mLZ #H7}sle] 2@ &£3a the, 12%
Fikold 8o 10 mLE H7bet of thA] 2 T ¥ et

2 YrEIULE AL, 80T F2FRAM 7HE E50
FHA 4587 7Hgslith A7l E3aaE 9o FEE
2 AR FUR TS 10% 2ALRU S S50 2
mL A7kt YAl e SRE Hrleke] 200 mL7t H =
o 5 FE9] wwtste] FFAIAAI(No. 5A)E AHE-EHA
z} Zekade] oIt AFtlE AP AR FUTE Al
89 10 mLE hole pipette 2 AP Y& F, LAA|f a
2 bol-& 1 mL 2 74z} HrpshaA] & 50 BAA7] 5,
60 ¥ 540 nmolA FHFEE SIA-

(=)

wh o>

s

th

I-AHA|OI:

1) EAIA[S]
(1) LA} a%y
dspd o}u] =(Sulfanilamide ; CsHgN20:8) 1.0 g2 10% 4
AF 100 mLol} o] ZAo] Btk
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(2) LAHA|2F boK

el of| g Al T o212 Akl (N-(1-Naphthylethylenediamine)

Dihydrochloride; CioH; HNCH,NH,2HCI =259.19) 0.12 g
& 55 100 mLof| o] 2w BRasigch

i B | o

oAstele] 7Hg BRERE A97H e, ol B B
& o 24F T ZPAE AHGh 2, 4
2 §9 10 mLE H3kx c7]o] adlg | mL B4 F, by
Aol SR 1 mLE F7bsked 540 nmol X EH= 2
F Hze) FHEAN Hol £ FAY 0|2l FYEE
Q9ick

3 A

el ol oA o} o] S5 E(ppm) Aich

NO; ppm = A ppm x ZZ9zHmL) / A 2F2Ke)

>

£ Aae) WhAe) Arel 244 dalsd 2L
A o] &g o],

o1

H

A& 2 g& ZF<9 10 mLe] ¥ homogenizer(Nihon
Seiki Kaisha, Japan)< ©]-&35ta] 3871 10,000 rppm .2 72
A7l T #2814 = pH meter(Corning M240, England)2
B34,

I
0

el

o T (Tenderness)& &

3cm X 7.3 cm@] A|BEE 7.5 cm9] 1% Zg| o] E(plate)o]
W3l texture analyzer(TAXT-2/25, Stable Micro Systems,
Surrey, England)E A}-8-8te] e (shear force) 2 2 VFER
STk AT & SHLE 7} peake] S Hakad olof 7b4 7
7he 2z g desider ZFEHAE UERidTh &%
zde e g |

Instrument : Warner Bratzler blade set equipped in Texture
Analyzer,
Pre-test speed : 5.0 mm/sec, Test speed : 1.0 mm/sec,

Travel distance : 50 mm

SAXz

AZoA ozl AL SAS(1999)0l ©J3 ojhulx] ¥
AFE-A (analysis of variance, ANOVA) 9215 A7 stod, &
o) 27} = L Duncan's®] T -& o831 0.5%
FEAA AgFzte] foldE AAsrh

R
L
o]

SAFol gAAZ A}SEH 2 s A, ol o] A}
45 Folaxl gAE 4+ UE HAML Fov annatto,
paprika, saffron, turmeric, cucumin Fo]| lou}, o]ZoA
paprika7t H]wA o] o|&HI glow, FHIde Fn|
(pigmented rice)ol| A] =23} anthocyanin A% SA|Fol A}
44 o] HaHHKang et al, 2001). #=BE A4
£ el AE2 2 betacyanins(red)$} betaxanthins(yellow)

Table 1. Effect of the supplement of red beet, B-cyclodextrin and chitosan on color property of sausage

Item

Nitrite 150 ppm

Nitrite 75 ppm

Nitrite 75 ppm + B-cyclodextrine 0.02%

Nitrite 75 ppm + chitosan 0.2%

Nitrite 75 ppm + pyrophosphate 0.2%

Nitrite 75 ppm + red beet pigment 0.02%

Nitrite 75 ppm + B-cyclodextrine + chitosan

Nitrite 75 ppm + B-cyclodextrine + chitosan + pyrophosphate

Nitrite 75 ppm + B-cyclodextrine + chitosan + pyrophosphate + red

beet pigment 0.02%

Nitrite 75 ppm + B-cyclodextrine + chitosan + red beet pigment 0.02%

L* a* b*

66.15°+0.58 1532 + 025 8.83* £ 0.27
65.17%+1.14 15.45° £0.18 8.50+0.26
65.95%:1.64 14.93% £ 0.46 8.53"+0.25
64.60° +0.49 15.88* +0.28 8.70°°+0.25
67.45° +0.74 14.83¢ £ 0.16 8.37° + 0.05
66.82%+1.30 15.22%+ 0.36 8.48+0.31
66.17£0.70 15.15™+ 0.23 8.82° + 0.15
68.77° +0.71 13.90° =042 8.50+0.37
68.98% +1.16 14.40° +0.44 8.32°+0.20
64.73° +0.79 15.55® +0.59 8.82% + 0.27

Means+SD
abcde

within a same column without bearing a same letter differ significantly(p<0.05)
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#E Ye 2 itk FErE
= chitosane Ztzt =0 2 H71E9E o oE A
W3l = a (HAR)Ee] dEtS Wk ohe), &
e 68 433 YERth B-cyclodextrine:= A
2 g Ae] Qgstel] Zlojste] 2l de o] &
Roz delx )&=, B-cyclodextrine & pyrophosphate 3
P A E 2’ gro] &3 @A JERE oL B-cyclodextrine
pyrophosphate Bth= Z2F FA LFepte) 3 o}zl Al o]
75 ppm ©EO 2 ALSHE W% a' kS th 27H150 ppm)o]
Hlal @33 A VERETE o] AL whalo] &3 3 AA R
ol e TEE FY F USE AABRE Aolth Jy
obAstde] 7)5e Aoz Pu|APEe] AL EF
Clostridium botulinum EALS] A4S Al E =85
Fa 7] wiiel o] Expe] AAE AAsledlE AlEL
40~80 ppm> do} glojo} = Fem AZEm Urk
(Judge et al, 1989). b gkl YoIXE a° g} k7R =
pyrophosphate7} 7} Az FAE AR 2 b ghe
)1, chitosand} F=HIE e PoHE hAZ 2L b
< UET o] A2 BlEt AQ] ApAo]n, S0l u]
EHA 29 FFo] Be $-8o| b'gto] =t AN Yang et
al, 1999258 A FEE9] chitosan®] A 9 &=y
Eeo] vetyQle] 3 Aivt oi dEFS v e g AlE
dek L'gke] A9=a” 2 b gtats uis pyrophosphate 2]
AT B2 L' Jehl, FAazy 49 )
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A©)A1:= pyrophosphate= 58 o= 213 Aol7} gle

Aoz ARk

243 3 pH

B glojAE Table 204 B wiel Zo] pHE ¥
o R3S 33A] 7] = pyrophosphate H7117F s+ H
o= =4 vebdoh a8y, 1 89k B-cyclodextrine, red
beet, chitosan®] 7}t Hlg) wiorew, 7 g7bFQl A
< chitosan®] 7} 2 chitosan®| &3} 7Kchitosan + B
-cyclodextrine Y= chitosan + red beet) ATl SA|Zo] A8
3 wrde wde AR Jeie 397 Bk 3
alkaline polyphosphate(sodium tripolyphosphate, tetrasodium
pyrophosphate 5)& #H71elH B8 34 =L, 84
Fo BAE e hadn) O wid] B PER7)7] 8
A] sodium acid pyrophosphateZ A}g-3le] pHE 0.2~03 &
T "ojregd o g2a] whlg skAA]F]71 % ScHPearson and
Gillett, 1996). Table 1 % 22%E] pyrophosphate 37}
BeEe gtrolo), AT 2 ghe A3 B-cyclodextrine
S AeJet @ =H|E D chitosan H7Frel| BlEle Eolns
& 4 gtk pHell 9lojM = 53] chitosan 71771 & pH

4

)

i

2 BEd, JHdlE B7ekn £ BeE S By o
ZH|E H7bE pHel WElE A Heolx] grgiti(Table 2).
pHE S4jwnh ohjzt Be2oe 9P vtk Lute
2 vhe pHol M WA, & pHolq B4e] 348 Bal
t} QFEAJoPA A HAMAE AHY pHollM AA8-E Ho|m,
dze]d pHollM A& Holed Wl HHE A4

Table 2. Effect of the supplement of red beet, B-cyclodextrin and chitosan on WHC and pH of sausage

Item WHC(%) pH
Nitrite 150 ppm 50.47° + 1.65 5.62 £0.09
Nitrite 75 ppm 50.97° +10.36 5.60" +0.02
Nitrite 75 ppm + B-cyclodextrine 0.02% 54.67™+ 4.90 5.72*°+0.01
Nitrite 75 ppm + chitosan 0.2% 58.18%+2.90 5.65°+0.05
Nitrite 75 ppm + pyrophosphate 0.2% 52.50° £ 5.27 5.75% +0.09
Nitrite 75 ppm + red beet pigment 0.02% 54.15%+3.30 5.75% +0.06
Nitrite 75 ppm + B-cyclodextrine + chitosan 61.06" £2.33 5.57° +0.03
Nitrite 75 ppm + B-cyclodextrine + chitosan + pyrophosphate 54.46™+ 3.10 5.79" +0.03
Ni;rii;n Z:tol'a(;));}% + P-cyclodextrine + chitosan + pyrophosphate + red beet 60.94° + 1'.44 570° +0.05
Nitrite 75 ppm + PB-cyclodextrine + chitosan +red beet pigment 0.02% 60.11" £ 0.92 5.53% +0.05

Means=SD.

ab,cd

within a same column without bearing a same letter differ significantly(p<0.05).
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A7} olaatedo] SN nEge Auat Selet
M= 70 ppme =Hs| A= GE) ofEAE & 4H4 pH
9 A7ggol Ak gadte Aoz 4elA tth Table 390
ME obAAtdo] 150 ppm H7FEIQE wjHT} 1280

o A7ERES W 2 AEFLS 12 FFElEr|Eoe 84
A2 <olRltk. a#H, p-cyclodextrine, chitosan, pyropho-
sphate 37} ofAAtede] A& HZBo] 2 AYLo]

o £22 et a2y, FEHE AL A 7
A+ Bapdo] Egox 38l 2E oldAld & Ay
A THp<0.05).

LAIX|e A

&A1) At (shear force) AE o A= ol atado] 150
ppm A7VEAY, 123 A7t e 22} 2,490 g, 2,542 g©.
2 2 ztele gk 18, B-cyclodextrine 2,217 g, chito-
san 1,642 go.@ AdEe] 24 = A%t 271599tk Red
beet A4 H7}E 1,485 go. 2 thE g Fof B3t 713 &
A3 Axe] F7HE VERNTE pyrophosphate 3 7HE By
o] ol B7sla el S22 Bolx| ¢driTable 2).

ABA0 R Y UHE MAiol ArP= AAR|] ML F
g Wk ol g} opE At AAZMEe] &7 BeE 2 dn

F1EAE H7P7F Aot g A9

uAE 29 219

o] ZRo= F32 0T} EE chitosan®] H7Hs obd AN
9] 2AZRLS Ae)et AR A, B, Ard FHA
o]t} B-cyclodextrine®] H7le B4E, Axd] 312 0|)
o, pyrophosphate®] 7= HigoAut g3E Jeh)
At wEhA AAR| A FZA]0)] ofEAldo] dhale] BH o2
AHEEE B P EY] HAMA B 7| EALS o] £51=
< opEAd ] AR 9] AHEHE FY F Urha AlREHSIL
o, £8] PoH| EANAE olAA] AARtLe] A% U
B

SAFel AR AHLEH T e oA AM-E 7}
T8 FolaAl HTHIE Aiet FEA 2] AR 71EA
< FA7tete 2AAE ZA St EAE, ol AL [EF,

9 pHe| Wl jdte] HESIFTE A3

Ao B8 2R AE FA F R
et obEAt °§ DAL 53, B4 9 drg
A 0|9l om, chitosan?] H 7= oldAld el AAZ}
At Ao A B, Axd FHHo|th M
-cyclodextrine®] H7le= B4, drd Fxo|ler,
pyrophosphate®] F7t= By F34E Jehidch
wraEbA AAIX] A ZA] ofAqle] MAle] EXHom Alg
= g fl=HE] M 9 chitosang ©] 83k A& obd
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Table 3. Effect of the supplement of red beet, B-cyclodextrin and chitosan on shear force and NO; of sausage

Item Shear force(g) NO:(ppm)
Nitrite 150 ppm 2490.2° £313.25 69.65" +1.4
Nitrite 75 ppm 2542.0£397.90 24.68°+1.8
Nitrite 75 ppm + B-cyclodextrine 0.02% 2217.0% £263.69 26.30%+1.6
Nitrite 75 ppm + chitosan 0.2% 1649.2° £143.19 27.50° 0.8
Nitrite 75 ppm -+ pyrophosphate 0.2% 3085.2°+374.04 22.53+1.2
Nitrite 75 ppm + red beet pigment 0.02% 1485.4° £105.91 20.80%£1.7
Nitrite 75 ppm + B-cyclodextrine + chitosan 2866.4%+347.78 24.35%+1.1
Nitrite 75 ppm + B-cyclodextrine + chitosan + pyrophosphate 3247.4" +316.43 21.63' 1.0
Ni;i;n thop.)gzm% + B-cyclodextrine + chitosan + pyrophosphate + red beet 2860.2%+184.28 19,388 0.1
Nitrite 75 ppm + P-cyclodextrine + chitosan +red beet pigment 0.02% 1802.8° +94.74 21.43"£1.3

Means+SD.

ab,c,de.f

within a same column without bearing a same letter differ significantly(p<0.05).
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