S,

By e 48
S
Cog scierice ™

AN

%

=

LI 7| E2&12] A= F0f0fA2] 0|2

Application of nanochitosan in food industry: a review
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Abstract

Recently, chitosan has increased attention in com-
mercial applications in the food industry in terms of
its biocompatibility and nontoxicity. In particular,
chitosan has been used as a good hosting material
for producing nanoparticles due to its unique property
of ionic gelation. Chitosan has disadvantages such as
low solubility at physiological pH, causing the me-
tabolism of core material in the intestine and gastric
juice. To overcome these limitations, various chitosan
derivatives such as carboxylated, thiolated, and acyl-
ated chitosan have been studied. This review focuses

on the changes in the physicochemical properties of
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chitosan nanoparticles with the introduction of hydro-
phobic groups, the application of functional nanocap-
sules as coatings, and their applicability in the food
sector. The physicochemical modification of chitosan
is expected to be an attractive research field for the
development of chitosan applications for food as well

as for improving bioavailability in functional food.
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7] EAH chitosan)-> 7H2FRLE QA1 Foll B
o = A TEAR] 719-E FolAE EHdeacety-
lation)d}o] Hojx)= TEAEZARZA, Y5t AY
AAEA, AN, FrEEE 5= 2L 9
= dEHQ] Fol ohdFolthAliY} Ahmed,
AR} E F(sodium
tripolyphosphate)1} o] S5t Uetf= A&
3 714 2Rgoll gt o] 22 (ionic gelation)
7} 7Fs sttt E40] Sltt(Jang} Lee, 2008). ©]
43k ol = 7|EAF W 7|e2, AE AN, o5t
Ay ek v M AR S B s 2
gt o] ool A A2 T4l Fofm FAFskaL
t} (De Azeredo, 2009; Rhim 5, 2013).
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= A\ sk, A4, AeEA 2
S U AAkE Alzeken] gt 54
ARgE] 31 ¢JtHBowman®} Leong, 2006). 7| &4

e BREe 950714 4R L d oA

i olg 5dAl= AREE = Sl uht

4, A8 U 2 Solo A 5o Feiz

o
L O fu

dr o
e

]—7

d
=
i

T ol ek A AlAHo) 7| EARS ARESH=
= 2 7HA] @go] Qlth 8 w2 ok 1
O Fait A ufiZoll Ae] 4 pHollA 9] &5
7} ol chil A B g40] 2 slof A 9 9
Nof| A ZAEA (core material) 2] THARS S-Hslich
= Aott. o] Hg & S5 fla, 7t EEA
3}, B3 9 opAs} 7| EA) 22 thefet 7| EAL
FEA7E 71 EA e AF AlAFof] AtE AL Q)

NH, NH,*
pH — High pH — Low
Insoluble Soluble

21 1. pH H3lof 2 7|EA| & (Alizt Ahmed, 2018)

Th(Elgadir 5, 2015). o]z¥o] AL&-EH o] w}e} Ak
8 7|4 L BEAE 7154 A8 A|2Rop
A chorst 98 M54 S st olrk agme
B BAONE £547] EQlo] T2 7 RA the
rte) 22515k B4 wisie} 7|54 Lol

QEARAo] 2, 123 AE Ropol o] & 7}
4o sto] mofalLAl gy,

or M

1. |EAe] Z2jofery S

7|BARS) e AER QA0 29 w9 &
Abel AE2eA thgo s FHI HA STA|
o]}, 7| EARS D—glucosamineX} N-acetyl-D—glu-
cosamine]  TJA| 7} B-(1,4)-glycosidic A+
2 A TRE, e pHo|A ofu]r]e] opaA
3Hprotonation) S £33l 7|EAN EAE A7|HoR
F= HA vkEH, olHg §A4Jo] 7|EARY] &
e STHA Eoll & =A eH(™ 1.

7| EARO) Boll e, AEelA R WA, 7149 &
2Hd 52 SYA ARsollA F3AEE H o]
o] ol P W=t} 7|EARS] ofu| 7]
dze)] = T4 v EollA AR A] &
oug &, f71 80 @ A7 B4 &840l
A9k oM EAY, A4l HARGO] AM BH A= &F
A} Elo] wRk & EafEy. E3, 7| EARS &
o Aol et EAbE B ot Ea g =

rr Lo
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H 1 7|8 7|EAMO| M
(Aranaz 5, 2009)

Ssix SN0t 7N Sl 2

Property Influence factors

Biodegradability DD, distribution of acetyl groups, Mw

DD

Biocompatibility

Mucoadhesion DD, Mw (only chitosan)
DD, Mw

DD

Hemostatic

Analgesic

DD (only chitosan)
Mw

Adsorption enhancer

Antimicrobian

Anticholesterolemic DD, Mw, viscosity

DD, Mw

Antioxidant

DD (Degree of Deacetylation): BobA| s} A=,
Mw (Molecular weight): E-A}=5,

(degree of deacetylation)”7} TheFalA| vrehd 4= <)
o0, olEe S|EA) 217 A Sl Aol 2
Al G mHTHE .

I 1. X

URtA o = 7| EAR] FARFS vl A4 AHE
Gesh gEEL Yo 94al AelEAS 74T 9)
ol EFekal 11 8-8-9f Fo] A=Al i} uh
24 1A £ D L A ARl
F4-27 GRS ol 1A SH AT ARE T
%) tHMuanprasati} Chatsudth1p0ng, 2017).

AEALe Bajape] utek WA, HA, SEE
=8 QR 3 e EXo] gelRltH Aranaz
. 2009). 53], 7| B4k} G2 7| EARS] 24
Sl A} Qlckn el Aglth A8 7E
S shigelo Axag Bgakd Duas 23

A SRS AT HH A4S 218 s}o% 4&3
= A RS S A 250 32
goto] MER B4 G| s A 7%

£ 3ttH(Leubay}t Stossel, 1986; Ch01 = 2001; Ea-

CERE

} Al 393 (2020)

ton =, 2008). ©] 5(2013)& 284 7| EALS] HA}

]| w2 owg} gg rol B8 AV Al A E
Zpo] A7t 4at AL B Fet 71

QI35 he)
§ HE AR 98 AT AU

-

-

1.2, EoMIEe B

ol E 3} HE= 2-acetamido—2-deoxy—D-glu-
copyranose T 2—amino—2—deoxy—D—glucopyranose
structural units®] H|-&o|t}. o] H| &L 7| EALS] &
S 2 8ol EXof| A3t JeFL u|ZT) 7| EAF
o g welelol Erle] SAH5HE i 74
23} 7| EAbe] ofol &(NH, o] Agtgro2m L)
UhEE, FEAe] st WET 24 g B
o] 7}sl| A cH(Raafata} Sahl, 2009). E3F, oFA5}
o gt A2 oAE £23 93 4
277} 3lekKong 5, 2010). SopHEs} 4w
S5 T B b7 2 ] o) %H 2
515 ) ol 5 ek, S g BAjeke] 7]E Al
A ot RS Aot w2 7|=AH97.5%)0] B W
S F|EANR3.7%) E L} S. aureuss AA|SH= d] T
aapHoleks Aol 9% HichKong 5, 2008,
2008b). Chung 5(2004)2 EolA|Es}t HJ=7| =2

42 vy ejo} WA o] ot 7| R4k F4t B
7bstar b 2ol obd e melalnt.

1.3. 8ol

F|EAke ek opstel QA W We Bgow
3| 7154 A4 ASAA B B Bejd
073 glont R4l tfat ST} ol AL
255 48 olo] oo} Grhs BAIR 9l8) 7 A

Al &= TAE et 71EARe] EAl=F
4 gotNda} Hre= 7| EAR] Bl o] kS 1]
Zc}. wheta], o] 43t 7| E4kY] Sl g S7HAI7]7]
QIete] Atolut, B4 a5 o] 8o = AEALSH
SHA, 7|EAle] 28715 Z|eRto 24 B
o|gs A7) 48 % 0] . 11 QJrHKurita 5, 1991;
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Ionic Complex Nanoparticle

02 2. 7EAKZ 0[S L= QIR X W@ S, 2004). (A) HA7IN =

Kubota?} Eguchi, 1997; Philippova 5, 2012).

2. TRt AT Ao Y

o] ARE-E|L QItHLi 5
afld, AAAARY, vl=
£ 23 553 B R =
315} Chen 5, 2003). 7| EAF U= 78
kel o=, S8, Aol ES A
FEHGA|I AT Fofol A o] LS
SYEAILH, Ao Al2F], 324 A3
AGA|AH 0 2 A TheFet Fofol A &dslA 3
HoH(H &, 2017).

7| B4R WA ohu|le T1F Slo|=SA 11
T 25 7HAAL Q7] el oheket Z1EAE
TAE FAsHH(Desai®} Park, 2006). ¥ 7| &
Ay A F A He s Az o 8l
oh. A WA -2 oFol A4S THA= 7| EARY] of

gt

>
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Aoy N rle lo
o oX

oe 19
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Ho Mt
H,
H

HO
+ W

o]

Amino group (-NH,) Carboxyl group (-COOH)

Amide bond (-CONH-)

2. (B) A7 17t = LTI SR

o) 25 ol M= A ILEAL AR
A7) B3| (polyion complex)E 3 AJste] ¥
FH 7EA el es AXcHA 5, 2004)(1
d 2(A). SHAITE A A|AHIC 2 A o3l 7| E
A diefee @ 7H] g 7R Qe 71
Ab e g2 A A ez, AV 24
oA =2 B3EE 7HIt). o]= 91 4 21
of| Al 237} we] =7 wjiol EE-E HAgdh=t|
Algt&olct. EgE, ThoF thie il Qo Tl £
S 295t} g, Tl FEvt S E o
Wz 2y Jgo] Wopx= TS 7HIcHCho 5,
2012a). o|#fgt S 7hAdstr] SlaiAl F A
7| EAF Yle i< A 2w o] o] §H (1| 2(B)).
T A S 2 AES 7= 71 EARY of
o) T A7) B8-S Adste] Fxlng
7| EARS A 23Fa, A% (self-assembly) O &2
Ui d2s FA4etH(# 5, 2004). 7| EA4RS] Qo]
24 free otu|(-NH,) L&F°o] &pid B8 &
Asl= 7}E2EA7](-COOH) 123 3 Ags
A ofuto] =(-CONH-) A3hS FAsH7] fiEo| &
24, 3}8k4 7| o] 7Fs st 5, 2017). 4524
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Self-assembly

shell

core

™™ Hydrophilic chain
"~ Hydrophobic chain

717F =E R 71EARe] B E AL, 4ol
Axlolgll 4 S4HES] HA b A 2
of SJ4 A7k Alo] HAtste] LhelAt e whs
A "tHE £, 2004)(71% 3). 4543719 linolenic
acid, oleoyl, N—acyl7] =¢Jo] w2 HEYPE 7|EAF
Uhegige] S48 el oheT) 2.

juc/s

2.1 2=t (Linolenic acid)©] =

o EAHPalmitic acid) A 71 A&ELS 71|
=43 A9t 7| B4R ApReRle]l ¢
A B 7t = QIehA w3k A A g
e BAEE 7RI ol EAIEE ik

Chitosan

Amino group (-NHj)

N

03 3 Ad7 7t =RUE LRIofY 7IEAC] XHSE (H S, 2017).

N-C,Hg
£ o
Linoleic Acid N-(CH )N “CH,§
Carboxyl group (-COOH) EDC

H 0 HO’F @ o 0 NH-CH,-CH,
oM e TP
i chon © |, A ™

O-acyl-isourea

2! 4, 2|=3lAKLinolenic acid)0| EQ1=! L7 [EAF HE (Liu 5, 2005).

Structure of shell-core nanoparticle

FxIo S AEAI717] flellAl 2lliHLinolenic
acid)}& 7]EAT] E=JSHHEHChen 5, 2003). 2
sdlito] E=9E Uk EARS ] fIsiA
“zero—length” ¢l EDC(1-ethyl-3-(3~dimethylami-
nopropyylcarbodiimide) S 7w A2 ARE-SFACH
EDC= 7|EARS] ol T153} 2lEdlike] 7k=
HA7| 25 ohvbe|&= ARE B8 F A= A
A= A2 gith WA, gsRlike] =54
7|17} EDC= Qls A 8/d3}e] 11, o= &35 O-
acyl-isourea F=AHE FATH FAE O-acyl-
isourea A= 7| EARS] ofu| i T151} §E3-5)o]
ofmfolE Ao & glElito] EQH Yl 7| EAL

o
mp o
e CH.
N- 73
| 3

O-acyl-isourea

g-csz
+ o= ¢ oH,
N-(CH,)"N ~CH,

Amide bond (-CONH-)

NEBsta el 395 (2020)
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FABHLiu 5, 2005)(C19 4). Liu 5(2005)-&
Eallito] EE 7| BAF Yol 4] EFY
S 24935}17] 984 GA(glutaraldehyde) S 7}l A
ARSI GA 527t =245 EYAY &
o] T7FFAL 1EE 0] GA= BAE A A3+
Agto]l AHER FAET] wiZol] aao] Ey
o Fobxlrh. E3H GA o] a5 A 271
7F F7FekaL A&} 7ke] 7hal 7hsAd o] S7FsEAT
ol GAY] ¢fo] F7Hee| whet 7hue 7|E4E A
o] ZFe XA IEE 3R U EA 127} P4
=]7] wjZoltt. o]} Fo] 2= =& whehA]
Az 7ML A E o83 2 e 24T
o= Qlen, a7] xHo] 7hgsitt ES 7| B4 U
2} A7) Zha A oy 2F ZkAke] o
webA e 24 E 4= Qo STt B2 A1) 7]
Eiqbo] At s -2 1HY A
o] F7Fettt. o= QIsfAl L= AFe] core Ft2
2] W7t STk wioll AHAe] g0
w2t 27|15 24T 4= 9lom, core?] A4 F7F
2 QA Eofl gt Eofert W2 8 =4e
B E FIAIA 4= Qe whebA, ohefet g
£ 7= AHARS A sigeictd ofE W
= AIZHE 2T 4= Q7] Wil thefst A A=
o §-8o| 7ssth(g 5, 2017). o] A Ag-dh=
7FA| T ZHAE SR =
M= 71 EA e fias 34T 4= Ut

R

O orr oox H

N
o

2.2 292U Oleoy)? |7 EQE Y7 [EL

URE U 7| EARS 4=8-H Aefjol 4] & L EA]
ka1, §oHo| pHol| kS Wol Ri=rh= TS
71k Xing 5(2009)-2>- O/W -34S ARg-3}o]
7| EAb] 28] 2 A (Oleoy) 7| & EAIZ] Y7 E
A Al zsto] o]fg TS Bttt e
A7) B4R pH S AA w7] wjiol 3+ 24
2ol A= wol| -S-g¥rHDatta 5, 2017). Li 5
(2007)& Oleoyl chloride2] g3slo}il7| e} 7| EARS]

Chitosan
H #
‘»-ON oHG Q b —
p \ . IR 4 CHy(CH,)6CH
" N ST
¥

Oleoyl chloride
Chitosan 4

Amino group (-NH,) Acyl chloride (-COCI)

Amide bond (-CONH-)

32 5. 2012(Oleoy!)7 |7} ZUE! L7 |E4H HIZ (Li S, 207).

ofu| = T1F0] §k3-5te] ofufo| = Agto 2 Sl e
21 7] EAHOleoyl—chitosan)& FA3FATH LY 5).
=t L U7 EAF BAES 7| EARS] EAF 2] g
= A (2|8 %, degree of substitution)of waha]
tfsHA 24 4= qlem, ol wEf vl 4Ah
o] 7] 9 EAJo| thE2A Yepdth 2E Sdled
7| B4R ARt 7| B4R T 2 HEE 7Y, 5
Lo} A|gheo] vlgste] HE=rt Frbekleh &
d =rQlo] B4E o, SA 48N H& St
7 Y SEAY] s ST A
Atolof| A HEIXE gAdste = Aol WAskala,
A== o] BlR= A2 UEYAREAN JAEE
A 771 2824 8Rloltt. &, FA ==
2] T Q12 EAE SR A ol A thEFe] SHA|
A A AAAT| = A9 4TS 5] o
ol A7t w&E s ST ®13,
SUA Y Fro| wEbAE JErt SRR S
A Akg, a8y, A7) 2, e A
T R §Ego] EAskANE, A S
7|EAF o) FFe vA= =2 aQlo|th &4
LA7|EARS SRl 25 7HAAL Q7] wZo
FAHEH AH A= 7HA]AL Uk 22k QL
oA FAHGHZ A7} F7IekE AT
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22 N-0H 7|EAIZ M5 2 R

Ui
oar

Name

Chemical structure

Propionic anhydride

0 o
ch\)J\OJ\,CHa

Alkyl anhydrides —
Hexanoic anhydride - /\/\)J\o )J\/\/\CH3
) o]
Nonanoyl chloride CH3(CH2)GCH2)J\CI
o]
Lauroyl chloride CH3(CH2)QCH2)I\CI
Acyl halides 5
Pentadecanoyl chloride CHa(CHa)1CHE” CI
3! 2)12 2
o}
Stearoyl chloride CHa(CHasCHE” Gl
3 2)15 2
ader O] ABhET} k] met golo] B 501208 7|EAR] N-ob(N-AcyDE =I5
Holl o g g FAIZEA717] wiizel 8 2= F4E(anhydrides)o]ut eto] =(halides)
warElo] Aokt =3, v A4 Fe]l =2 S HMES AlA, a4de g A =24
Ao 1=z ] QlojA 4 SHE & oAM= B2 B SAS 7= N-otd 7| &AL
29 4 9l 7hsAol o obdith WhH, ZIEA & AZSgch N-obd FEAS SEAEL §
© EAYYL PAA7IE Seo] nujsh] W] olski Heh Ashyo] Sostei AL sHAlct,
7| EALS] Babee| w2 A foA Zpo|rp ZRu| A F4=E(Propionic anhydride), 3A}e 9]
UERRR] okoreh. A7 E] A7) A@ETE 5 FE(hexanoic anhydride), k=de U FReto|=

AN
K45 ek, gHEst A G 74
L oporeh. L, Bahego] Z71shA s} feobA
A b 912t 4ol olg7] whiel Bxjagol e
5% e 94 G4 QUKL F, 2007). £
SHe 2524719 ATt A ghwe] nteby HYE
FEAte] M, BEYEY, e daeh 2o B4
8 2UF 4 ek AGBTIASHE B0 njet
A HHe| ulg 270 A EAS Az, ot
Qg A1} Bolol | A W51 3-8 715 Hlolet.

2.3 OFA(N-Acy)? Pt =QE
AUHOR |EAS A%
14 e gawg 717

L 3of B W Alo] 2 go] AFHAo]c}. Cho

2

aatal A9 3935 (2020)

(nonanoyl chloride), =4|7F2 Y =2 2}o| =(lauroyl
chloride), #etd|7te el == elo] =(pentadecanoyl
chloride), 3} g|o}2 U(stearoyl chloride)S =
A3l A ZFz; propionyl chitosan, hexanoyl chitosan,
nonanoyl chitosan, lauroyl chitosan, pentadecanoyl
chitosan, stearoyl chitosan= A| 23} HE 2). N-
obAl 714k thie AR ZhA] glol A7k 84
of <l8A] TSl A|n, 7| EAte] ofulk 15o] al-
kyl anhydreides®] F-4=5&-0]1} acyl halides®?} HF-3-5}
o] ofuto| & AgRS Fali 4] AlxH tHDesail} Park,
2006)(713 6).

N-3Al=¢] 7] EAHN-hexanoyl chitosan)> T}
s 7 =A BT RS v ol A-Alo] 7}
g T2 A2 I UrhDesai®} Park, 2006).



2OH

4+ Alkyl anhydride
or acyl halide

Chitosan

Amino group (-NH,)

2! 6. OFAUN-Acyl)7 |7t EQUE Li7[EAH KIE (Cho S, 2012).

N-SA= 7| AR AlEA] EgEY XA 0|E
(tripolyphosphate, TPP)E #7}8HH 7luA] S-S
5t7] woll Wie 427 5 & Al 71 =AY
S02 s7IEjo] g TTP o] &3} 4hS3} o]
2ol ofalA 2z} 5 5 917 uhio] A2
387 2N E e IR F W el
[Eare] §2] ofnwr]} TIP Lol & Afojo]x
BgE oleATe BA AT BAp AZe
EaA Ui QRS FATHDesail} Park, 2006).
TTPQJr olgAo® ZhuwH e A= ©EE
2ol B2 mdne o i G V9 o
Zol4 29 o|slo]iE 244 AT g, 47
o, 7lek el sfard glo] wAlsh] diEe] Mg
e
Park(2006)0]] w2 W Tz = 7F WS oh
2 a3t ago] F7FSHA|NE T =S Tl
2 sof HlgsiA Sk
Cho 5(2012a2)-& t}e}sk N-olAl 7|EALS] EA
& M)k N-ob 17} %852 A7HgHlo]
3 elojubz v, N-o}al 22 Al Zol= 7]
EAF dolof Hlsl] FRI 4H7] wfizofl N-opa F57ofl
2 9 0]z zjol= Qllt). 4224 side chaino] £
Lo S0l ZAAAA) el A 2 A%
Zololl wla8IA it 4 2717} Z1s1stc. o)
A9t Tl S22 5= -3, lauroyl chitosan
1} pentadecanoyl chitosan®] 74-9- N—o}4 7| EAF
o] hilz} o|S WalA A5g51] ol

i

flo rlo

> N to

ol

aq. H'
MeOH

CHOH  CHOH
- ﬁ& :
%o of

HN,

N-acyl chitosan

n
Amide bond (-CONH-)

0]59] side chaine nonanoyl chitosan=t} Z x| 7t
2 o 22 vz 32718 7M. B3 s
T2 2YspE Fojo 7|7} AR 7| wiiZo] ¢
24 3717} Z7)egiet. npAere 2 hai o] 2
e &2 2 st SRl wE 34 S
ZhshA|gh, 2 882 B vt SRS
skt
Cho 5(2012b)2 N-o}Al 7] EALe] HEH] CE
AT HIEHI C= N-obd 7| BARS: 7HA
7= oJBHS 5131, N-o}Al 7| EAle] jEZ AZ 2}
OFFAA Ui AA] A71E oF 50% A ZATH
o}A] side chaino] Z7}akr2 A AFE2RR0]
73hE]7] wjiof HlElY C W& &£k7) 1AashA]
T 29 a8l dd= uIRA T
oje} Zro] Ui 7|EARS: EQElE FEo|ut
acyl halides®] 5] whahA 7]£9] L 7| EALS]
S AMAAAE B ofy et ZHzke] S50 '
2Rt T3 AR Hrbskes 7huA SRt He
of 29shs 3o Eof wetA = 7|Eqke] 54
1} e YA} 3717P gdebzch &, 7| EAbo]| =9
A2 255 sty
7154}% L'off_h‘/} °J0}% EAS 7R = 7]5&
d

0.

ol

ﬂ%%ﬂ%%

o] © ojekn Azret,
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N

or A 13___}§1§§o], F|EALRS oFAE wHi A o}
O Z

Eelolerel ol s

AT 0 wsy Sgon

2 9] o]-] /\gag-kl‘jxl
A AsgoR del AR, e A A
293t vaste] SWE 4B 73 ek 7]
A Lol SJ3) Sl S et 4
o} ol Y20 AuAE Aolo] THiat W
28 QAH O ApFIITHs ZolcHWu 5, 2005

5, 1992). o]2]gt Y| 2 7| EAF FE =7
o] AR ol RIS o3 =
A 4 Sleke At e AE T gle L
w5 FRO TP U2 SHS Ay

W chet 2.

3.1 7|4 39 Uk 2|EE
YEEL M-S ke AAE olFFL
2 FAE n)Afdk AZA|ojch(Parmar 5, 1999). €]
L NEFE 7154 AE, Al W S wokell
A dE|ARgE o] ghom, thekst Aejdd AlA 9]
Hesto] JE3H o= o]g= L ¢IrkLiu 5, 2010;
Erjavec %5, 2006). 3}A|4t, 1I{r—/-lo] ORI A] ZA
megges THE UBES P2 A5y A
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