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Performance Improvement of Chitosan Suspension to Indicate Carbon
Dioxide Concentration in the Packaged Food
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Department of Food Science and Technology, Sejong University

Abstract

The purposes of this study are to develop a chitosan suspension for the carbon dioxide (CO,) concentration indica-
tion of packaged food and to investigate the changes in the CO, indication corresponding to 2-amino-2-methylpro-
pan-1-ol (AMP) or 2-aminoethanol (monoethanolamine, MEA) addition. Chitosan suspension was prepared by
adding chitosan (0.1, 0.2, and 0.4%) to distilled water and subsequently the pH of the suspension was adjusted to
7.0 after the addition of AMP or MEA. Changes in the pH and the turbidity of the chitosan suspension were mea-
sured over time under exposure in a normal atmosphere or 100% carbon dioxide environment. The pH of the chi-
tosan suspension exposed at 100% carbon dioxide environment decreased rapidly up to approximately 6.3 in the
initial CO, exposure. The transmittance values of 0.1 and 0.2% chitosan suspensions with 5% AMP increased from
32 to 99% and from 19 to 86%, respectively. The addition of 5% AMP improved the visual indication performance
of the chitosan suspension since it increased significantly the width of the transmittance value before and after CO,
exposure. The chitosan suspension with AMP has a potential to be used as a quality indicator of the packaged foods
which produce carbon dioxide during storage and distribution.
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23 ez Fo shjolt). & EW, AFAELS ¥ 4
FHY A&Hoz dgrt Y A|Zke] Ao wet
ojikslerAg) 7he 71 WE AL S X W FlEs
Ho]zof A g}, weba] X W oikslea] Fre
T Hshs AE AAE 9 SR} JRAAE do
o, ol 2Fe] FHAL NI T F JE AAER o)8E
AT 2 FEAOA olatstera 1ot T2 IS A Al
Zrell whet ¥ah, AFe 13, $554, TAE, =
2go) 28] Hy], A ol 9Fg vt 59, X
e sl =2w|o] 2ol A o|sbstekA: o] WIstE U
B = ZA A= oliksterdo] AR A o] sle 2
o] F4o digt EE AR AFE F UTHGe
et al., 2003).

7] E4k(chitosan)S 7] €l (chitinyS ol €33 2 (Xu et
al., 1996)°. 2, JA’JE] oA semi-crystalline “JEfo]7] )
ol pH7E S8 S0l AEAE A9 @do] A
g3}tH(Rinaudo, 2006). WHH o), 7| EARS AR o] Z 7 o)A
OFRIZI(-NH?)7} ol 2(-NHS}= 7] wjite] = &=
F o Ersk o] #S Holth(Rinaudo et al., 1999). u}h
ZA], AFEG W HellA olitsterart HA EE, A E



ojtstetaE FA 0 71EA Ao gajw o] BAkES
dotal Ao ) Eq A pHE AR
Az, BT oo 7B detel e ojidstghae 9
& wrobxl pHell olgk 7| Bl &2 Q1ste] TR 9
o= et

o A WAstkE ol gste] A FEE M eE

B = 9l AAAIEC] el ATEA AT (Nopwinyu-

F F4 Hs A e st Ao A Wk g oA W
sto] Zpo|7} A egob A1 HE] Wste] e o] REg &
Hol gol girh. wigbs AF F2 W3t Al AAAL] A
HslE W & e A AEE Astshe 7l
9] 7ol FQ 3ttt} 2-Amino-2-methylpropan-1-ol (AMP)=
GTbzoble] g FFoln, st Aol ortsteras
SFooled F2 o] &5 2 Utk(Xiao et al., 2000). 53]
AMP= B0l A4 E ofnie 15T o] 4kl ekAofe] vk
< 53t carbamateE FA37] wite] olitslEAE =
Aols AoZ dHA o (Sartori & Savage, 1983), ©]
st S4 MEEE 93k A0 R HAE Ut
(Yih & Shen, 1988). 2-Aminoethanol (monoethanolamine,
MEA)E AMP9} fAFSE 5448 Holil Utk(Choi et al,
2009). & AT = AMP 2 MEAS] H7IE o] itslera

ol AES 8l AMEHE 7|EAF AE o] o] itateks &
TE S7HATZIAL olo] met FIE WEte] AolE FHT
T Ao olitstetA A Aeg AAsE & vk Adst
Ak
2 AFoM = AFEG WL olikstea Fx W3l
HH-&-sh= AAAIE Ndelr] et 71 EAF dgd S Al
staz, o] AbslErA =F $oAe] pH B FHE RS 5
S ATt g 7| EAF A 9] o] AbslErA A4
s AstE 98t AMP 2 MEAS] H7hefol up2 A|A|
A L] A A| vk-g- WMstE A-F3HSTh
R
WIS

7| B4 B(22 kDa, 2o €8l 84%) ()71 EEC]
3Z(Pyeongtack, Korea)ZH-E #|&3dt}t. AMP= Acros
Organics (Geel, Belgium)2] AF2 FU3+H 2, hydrogen
chloride (HC1)9} sodium hydroxide (NaOH)= (5+)t14 3}
F(Shiheung, Korea)>ZF-E T3} t}.

7|E4E BiERHO| pHO| [HE T 5

71 EAH100 mg)S 0.1 M HCI 10 mLol| F7Fskal 1417
St wRtate] As] GajAIHTh A F1EAF A
(1mL)2] pHZ 1M HCIZ} NaOHZ ©]&3}o] pH2, 3, 4,

sk 7|24 dElle] XAl & 191

5,6, 7,8 9% A3 HF &3] 5mLe] 2 w7lA]
ZR42 AT 7| B4 Hetle] EIEE UVespectro-
photometer (DU 730, Beckman Coulter Inc., Fullerton,
CA, USA)E °]&3t49 600 nmellA] Sk Th

OMfStE S& X[AE 2[8F 7|ELH BERHS| K=

71 E4K200, 400, 800 mg)S 40 mLe] 0.1 M HCIel H7}
SFaL 1A1ZF B9t wksted k78] &S| AT 7 Al
1M HCI3} NaOHE ©]-83t pH7.022 A3 5o 2
AIZE Bt o2 wuksldt) piAEe R FHFE
7¥ste]l HE &3] 200mLo] 2 wW7hA] A$-3L pHE

detale] 7)1 EA w2 27 5, 10, 20 mg/mLo] o m,
sk S 2 2718 242} 0.1, 0.2, 0.4% ©] AT}

7|E4t SiEllo] H0E Y ol 2
olatslEta = AA S Y8 AxH 7 EA A
b #ZS 9Jsle], pH 7.09] 7| EAF dEFAA AR

(o))
H

|
& A F3ke] 333 v 7 (Nikon eclipse 80i, Nikon, Tokyo,
Japan)g o|-&-3lo] ZA s8It o|4talekA 7] Bl &
of we 7|EAt Ao 9 Wst FF2 vAE st
£ o]&ste] skt

tu o

d

1]

OAStEe o= BHE0IM F|ELE SIERIS| X[A| BIS
ojkstEtAe =F S0l A 71 EAL FEel o] AJZbA A
548 doliy] sk, 71 B4 dE) S5mLE ARk 7]
9 100%2] o]xtslgrA 2719 7h2A| o] W (Bactron 1,
Sheldon Manufacturing Inc., Cornelius, OR, USA)ol|A] 3A]
7F Bt =E3A AT oAkt A Y] e k=Fol wWE
71 B4 dgd o] pHe B3 == 22 pH meters} UV-
spectrophotometers ©]-8-3}¢] 4 3151t

r

AMP 3! MEA H7E S5t 7|E4F SIElRHO| X|A[H8s 25t
AMPS] H| & & A|ZHAQ] AAFe F7HE Eof
17] 918k 10, 20, 40 mLe] AMPE 100 mLe] S/
T3 71 E4H400 me)yS H7EsEAT) 71EAF dE <]
pHE 1M HCIZ NaOHE ©]&3te pH7.022 2%
2ol 700 rpm o2 2A17F FoF wks T o] F J| B4 &
g FHTE 7hste] HF &S 200mLE BHFIL
pHE 7.002 A3 o, ojuf AlxE 7| EAF e <
AMP FX=E 0, 5, 10, 20%°] At} 71 EAF et ] pHe}
FE Wale A7) 9 100%2] o]abstekA 2704
3AIZE B =2 AITIRA SR AT AR AN e
Z712 913 MEAS] H]8(0, 5%)° W AlzHz 2l A4
59 S7HE Yotry] s 7 EAF dgde] AHeo=
AMP 719 73-9-9F 22 Wi S ARt A3t
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pHOI| [HE F|E4t

ojitslRta T AAE
ojatstgta th7] stollM =EH7] AFo oH
of ), o] ikstetao)] =2 H7] A
gekal B Qs BAARE, oitslgk
H o] 7|ELF Al o] oS Tt Fig. 1BolA]
Kol 7|EARE o]ikstetie] mEy 7] Holle o] 23y
A ol =84 dA FElE dAEe ol SAsA
ojrtstgtadl kEE Folle 71EAT dE9] pHYF Yol
A FNEAE BAE o]l 23tEe] falHER o] FH
Ao,

71 &5 dEre o] o)itstea HE dEe oltstaart
Fooll galEe] fFeE A BANAN TIEAE Ao &
=5 7|22 Frh(Neethirajanet al., 2009). ©];tstekA-©]
AEL 7IBA EAE 23sle A o]itstgart
alHe S 7o R shed, 7 W s=idelXs
25E A = olistdart e Eo] &aEH pH
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Fig. 1. (A) Appearance: Before CO, exposure (Left); After CO,
exposure (Right), and (B) micrograph of aqueous chitosan
suspension.
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AT} whEbA], EAAFE Ul A o]ts}
25 st A ste AFe] FEAE oSt AR
F 4= 9l thHPuligundla et al., 2012; Meng XP et al., 2015).
Fig. 1A® 71EAF A2 olibslgthz o] =& %
H|3 Alzlolth, pHoll M2 7| EAL dEtl o] Fiin
UGS Fig. 29} 2t} Fig. 1A HEo] 7|EA &
ol e pH7F AT wf B WAloA] EH kA wWa)
At 71EA dgde] E3E pH 6 ©]3lelA 100%o
THA BZE A0, pH 6 oM E FH=7 A9
40%7H] FASH sttt ol 71EAF dEoe] F
Fert 71EAke] gajmel WA AHo] dr] wEeld,
7N EA Ak R o] F8de] & galE= whE FA4
ojuyf 9714 7oA E84S YEdTh dntxog
85% =rotMlgsiel B8/ 7|E4ke] pH 63 8 AboelA
w435 &3l= HEE EolH(Qin et al, 2006), 7|EARS
pH 6.5 ©]ate] AHdz7eA &3llE 4 Ak(lium, 1998;
Mao et al., 2004). 7| E4Fe] &S| == pH, ©|A|7], o}A|
g7]9] X%, 7|EAF E4ke] obME s Hrof Wy eh &
AZE Aok 71EA o] 2 276l S o, & Fo F
53zl H'e} 714k #21e] o}R17](-NH,)7t Ajtete] 71&
AENH," 725 ©]FH(Rinaudo et al., 1999), o]# g +=
= B 52 138 E 7HA SsEn) 71BN EArEe
SEE AAGshe E U2 ARt Hed, 71 EAe] B4}
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Fig. 2. Transparency of aqueous chitosan suspensions as a
function of pH and chitosan concentration. 5 mg chitosan (A),
10 mg chitosan (W), 20 mg chitosan (®).



FAAEE] oPlsleta: TR &
Fo] 4= i oy a5 A 722 Y
EAE Ao qlge] Aol 4gAJo] ETh(Kubota et al,
2000). 71 EAF FEA oA §to R Hols AT Fix
o] Wale T Fe] £ WHalde wWdshed ol8E
T Aom, HEAFH o] EFAF W slevo]
20| A] ol ibslgkAe] o Wsle) AF FH O WS =
2 AR S Hol= 4 e HEE AZHH

=3

7|E=4h sERle] XA HIS
Fig. 3AE ©]atslets =2 @A F%7F (0.1,

B wE 27] dANA BE 71 EA dEd

o= A BAATh

Fig. 3B olilslgtd: =% SA0A s=7t e 71E
AF dEle] Eale WHElE HojFEr o)itslekhd &
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Fig. 3. Effect of chitosan concentration on the (A) pH and (B)
transparency of aqueous chitosan suspensions (0.1% CS (m),
0.2% CS (A), and 0.4% CS (#)) at 100% CO, condition.
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Fig. 4. Effect of 2-amino-2-methylpropan-1-ol (AMP) concen-
trations on the (A) pH and (B) transparency of aqueous chitosan
suspensions. 0% AMP (m), 5% AMP (A), 10% AMP (), and
20% AMP (@) at ambient air; 0% AMP (0O), 5% AMP (A), 10%
AMP (<), and 20% AMP (O) at 100% CO, condition.
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Fig. 5. Effect of 2-aminoethanol (monoethanolamine, MEA)
concentrations on the (A) pH and (B) transparency of aqueous
chitosan suspensions. 0% MEA (®) and 5% MEA (A) at ambient
air; 0% MEA (O) and 5% MEA (&) at 100% CO, condition.
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Fig. 6. Changes in the (A) pH and (B) transparency of aqueous
chitosan suspensions with 5 mg (0.1%) chitosan. 0% AMP (m)
and 5% AMP (A) at ambient air; 0% AMP (O) and 5% AMP (2
) at 100% CO, condition.
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Fig. 7. Changes in the (A) pH and (B) transparency of aqueous
chitosan suspensions with 10 mg (0.2%) chitosan. 0% AMP (m)
and 5% AMP (A) at ambient air; 0% AMP (O) and 5% AMP (&
) at 100% CO, condition.
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Fig. 8. Changes in the (A) pH and (B) transparency of aqueous
chitosan suspensions with 20 mg (0.4%) chitosan. 0% AMP (m)
and 5% AMP (A) at ambient air; 0% AMP (O) and 5% AMP (&
) at 100% CO, condition.

gas ek BaAEFe] F4 AA A8E F U=
7Fs/gol At
A of

B AT BExes N Ee O]"\_i}‘?}/\ TE AAE
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