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Effect of Multilayer Edible Coatings on the Lemon Quality
Changes during the Storage

Jin Wook Choi and Seung Ju Lee*
Department of Food Science and Technology, Dongguk University

Abstract

Multilayer edible coatings was applied to lemon with beeswax-hydroxypropyl methylcellulose (BW-HPMC), soybean
oil-carboxymethyl cellulose (SBO-CMC), and carnaubawax-shellac-locust bean gum (CW-SL-LBG), respectively.
The multilayer was composed of two layers of the same material, but the outer layer only contained vitamins C
and E as antioxidants. Coating amounts built on lemon peel were measured to be large in the order of CW-SL-
LBG >BW-HPMC > SBO-CMC. The coated lemons were stored at 30°C for 12 days. CW-SL-LBG showed the least
change during the storage in weight loss, rotten rate, firmness, and browning. Whereas SBO-CMC had the least
change in pH, soluble solid amount, and titratable acidity. In a sensory test, CW-SL-LBG was evaluated to be the
best in the attributes such as spoilage, glossiness, color, firmness, and flavor. Overall CW-SL-LBG was judged to
be the best for multilayerd coating with vitamin C and E on lemon.
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371 A kR e] FEE X
7FAl71E= MAP(modified atmosphere
packaging) A3t Z-g¥thNo et al, 2009). =3+ ¥
g Al 28518 (edible coatingyS Y FWe] AE7HO
EREE Agate] @A EE4EL Aolald
A% T THAEE UASAL AR om A 7Ihs T
7tA1Z 4 S tH(Kester & Fennema, 1986; Jiang & Li,
2001). SAFRE-e] A w3 frARE AL FAkel A
oA %/&3}%01] o3t TF e v Eo o3 Hof
o sl B E A THKim et al., 1995).

&= % g2 FARRE citrus®] 45 8
45 At Wax@} hydrocolloid®] &3
Beeswax-hydroxypropyl methylcellulose(BW-HPMC)+=
£ ASE WA, 5% 2 A% FA0] 57}
S 2 YElstH(Navarro-Tarazaga et al., 2008). Carboxymethyl
cellulose(CMC)7} &1¥] hydrophobic =23} 7 483282
2 A= soybean oil©] paraffin waxl: beeswaxX
o FF A 2 A A%l o mAAeAT
(Togrul & Arslan, 2004). B A 9] F& 9 7}2= T3]
carnaubawax-shellac-locust bean gum(CW-SL-LBG)ol| o3}
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374 waxAl 22 (CW, BW, SL)2] Z§olx BW-SL-LBG
o]l T FA B Fde] HoA 7 £2 a9E U
BB, &F A o EEE P E thE Aol Bls)
43 a3-5 YERI th(Rojas-Argudo et al., 2009).

gk 2838 8T st 5/ 7154
71e = Aok v, Bz, statord] A9 aH4kslA|
17k CMC 28-S A &3t s4S ADAE
2 ®BIE v AvkSong & Kim, 1999; Nidperos-
Carriedo & Baldwin, 1993). 2] 8| &4 EZ(H7]
2, A WHAE parabens, bacteriocins, sulfites, sucrose esters,
natamycin, lactoferrin, lysozyme, lactoperoxidase)= % 7}s}
of o] oA A F e PAEe AGE AT
4 U TH(Petersen et al., 1999). Lipid-HPMC Z & ol o] &
LA AE A2 A 2 & Fofo] g EHS =
o & JqAF, E3] sodium benzoate?] TH7} 7P EA
UERSE T (Valencia-Chamorro et al., 2009).

28580 multilayer’t ZH-E® vl ol o]FF9
multilayer®] 73-¢- HL3 @= A 452 FEFHA 7]
59 wax, 95 FE FHE We waxZt 247 AREERL
TH(Hagenmaier & Baker, 1995). =& W&ol 2]
=2 B53EA, Y5 waxAIEe ZEAZT AEES]
CHPhan The et al, 2008). 3+#H, Af ol E
multilayerS 283} controlled releaseE 3h= 7]Ho] 2
£33 Jed ole B4 Fd F8E2S FHESSIY
Ao met MM 3] f8Edo] WEHESE st 520
1T} (Charalambopoulou et al., 2001). & 2] &&=
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130l AME-E 28 FRA = citusAlol FEH o2 A
&% vt beeswax-hydroxypropyl methylcellulose (BW-
HPMC), cellulose(SBO-CMC),
carnaubawax-shellac-locust bean gum(CW-SL-LBG)L.Z 4|
BW-HPMC ¥ A 9] T4 EZ -2 beeswax(Sigma-Aldrich
Co., Seoul, Korea), hydroxypropyl methylcellulose (Sigma-
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o) =
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soybean oil-carboxymethyl

Aldrich Co., Seoul, Korea), glycerol(Daejung Co., Seoul,
Korea), oleic acid(Daejung Co., Seoul, Korea)E AM2-331 T}
SBO-CMC = E®A|= soybean oil(Dagjung Co., Seoul,
Korea), carboxymethyl cellulose(Daejung Co., Seoul, Korea),
sodium oleate(Junsei Chemical Co., Tokyo, Japan)2 CW-
SL-LBG F ¥ A+ Carnaubawax(Sigma-Aldrich Co., Seoul,
Korea), Shellac(Sigma-Aldrich, Co., Seoul, Korea), locust
bean gum(MSC Co., Seoul, Korea), Morpholine (Junsei
Chemical Co., Tokyo, Japan)g AM&-3tAT F-&&EZ-2 H]
E}Yl C(Samchun Chemicals Co., Seoul, Korea)$} H]E}Y]
E(Samchun Chemicals Co., Seoul, Korea)S AF&-3}31T}.

TEMS] M=

WZ<2 BW-HPMC YA+ Navarro-Tarazaga et al.
(2008)] W& o] 83t A3 HPMCE 90°Ce] =
o Zo|iL 7FAAZE glycerolS ¥ tF. HPMC/glycerol €]
H] &2 1:0.5°]th BWE 90°Ce] &9 Folx f3iAl=
oleic acidE ¥ Ut} BWioleic acid®] ¥H]&< 1:029°]t}
BW-HPMC E%E-S homogenizerZ 25000 rpmoll A 387t
FASIAH Y. 2 T 30°Co]3Fe] -2 (Nexus tech
nologies Co., Seoul, Korea)ollA] WZA|H T 2] BW-
HPMC Z®A= HPMC &= ¥edl CE, BW &%
Lol HIEHY] EE E9] v &S 1% =°]3L 77 0.5%%
7Vste] &2 BW-HPMC ZEA|$} £72o upo g
E S

<< SBO-CMC Y A= Togrul & Arslan(2004)2]
W ol wah Al ZE T CMCE 70°Ce] &l &-3)513ith
w2 SBOZ 70°Ce] &9l =o|2 #3412 sodium oleate=
2ok 2813 %3 SBO-CMC &3ES homogenizer®.
2 25000 rppmol| A 387 FASAIFA T L & 30°CO] 3}
gzl YA 959 SBO-CMC ZB A=
CMC EFE] HEY] CE, SBO &3=0l HIEW! EE
22 &S 1% E°l3L 742 05%% H7tete] WS
SBO-CMC F®A 9} &7k Wyl o2 A 233t

W29 CW-SL-LBG ZH® A= Chen & Nussinovitch
(2001)¢] WS o]&ato] Azt CWek SL& 95°C
Bl =9°]3 morpholine?} F3HA|Z oleic acidE HolF &
homogenizerZ 25000 rpmol| 4] 3527+ 2 SAH Y. 28]
LBGE 7ol &tk 2152 CW-SL-LBG ZEAI=
CW-SL &&=l HlElYl CE, LBG &3+l HIElRl ES
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59 vl &S 1% =°|3 747 05%% H7bste] W32
SBO-CMC I A9} £k vyl o 2 whEo] 1t}

Multilayer FE! 2= M= & M& AF

A7 Azd ZYAE AFESH] multilayer ZH &S
23 o] AZsIH T Multilayere 055224 &
I AH e WS FEEZZA FAsHAQ] HlER C
o} E7} 3T 9522 AT

BW-HPMC Z®A|9] @& €2 BW-HPMC ZEA ]
JE22 20 A= F2o Aol €FAZ71(GHG 630
DCE, BOSCH Co., Seoul, Korea)S ©]&3}9] 60°Cl| A
Wwxla FAok Az & HEN CcoF E7F g+¥ BW-
HPMC ZgAol| thA] 202 H= g@ziohrt Ao} £
WRo 2 AZxAZ T SBO-CMC, CW-SL-LBG Z¥ A 2]
Y2 AHE 99} 2 o g FgEST

A7 ZEE 28 HRHEEEIA &2 d2)3 A
30°C2] &L-7](66x76x180 cm, Labotech Co., Seoul, Korea)
of 12¢7F BaAskaA A717r R A F st Ao A
L3t A L2 30°CE A3 o]fre B Ao 23
o] AA| A7 7o) obd IEAZF &3} vl e
2 A2 717 Hell 7H: 270 a3k 1] el

Aol ZHE vue] g 2 FAZ st
Az F A2 el me 2 7 Hsks 46t
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Y22 71AA AEE Jha et al(2010)2] HHS AF
FAst] ZAGAT. 9 IR AEE Texture
Analyser(TA-XT2, Stable Micro System, Godalming, UK)

o] A8 el &8 E3L pin probe(diameter 2 mm)E

el oA st A2 S5 352 o P& SA-snh ol
TA =% mode= measure force in compression, repeat until
count(53]), pre-test speed 3.0 mm/s, test speed 1.0 mm/s,
post-test speed 3.0 mm/s, penetration distance 5.0 mm<} 7+
HL, - A A A AeE Fsiioh A%
T 4 Ao R I ANRE VIHS FHst Has
TIFATHSEx2 =10 HHE-F),

pH, 7H84 DEE U HPMT £

pHS} 7H-A 2 E-2 A E A AT 82 282 blender
(HR1350/6, Philips Co., Seoul, Korea)Z 343 & 44
2] 7](combi-514R, Hanil Science Ins., Seoul, Korea)Z
3,000 pmol Al 1027+ AAEE S & A& F5AES pH
meter(SevenMulti  S47-dual pH, Mettler-Toledo
International Inc., Seoul, Korea)$} refractometer(MASTER-
a, ATAGO Co., Tokyo, Japan)Z 7}z IHEZ 3744 S
Adsled 33 FH st FFaE AASIATHSong &
Kim, 1999). 24 4t== YXE {3 (VITLABcontinuous E/
RS, VITLAB Co., Muehltal, Germany) A}-&38te] =43}
Aok &, 593 A5A oz 208 Ak 20mLE F 5}
o 0.1 N NaOH=Z #7gsto] ALk ghgo = Akl

meter
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N
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i
ol

SH4 200mLE 7h3led 35°C & |
oAk ol ol de olmele] Fw
spectrophotometer(OPTIZEN 3220 UV, Mecasys Co., Seoul,
Korea)S AH&3t 420 nmollA S siith ZRHE A EE
L Aol Faghe Fakint.

2sAA & SAXE

A 7108 A 9ol thstel Yo, ga, 4, e
3, @710 thste] 59 Aol EAALE HAISTh Holdt
de FHUNSL HAg 10302 Fstel AAHe

th zb &40 sk IZ”AE Baad §94 AolE
ZH] ¥ (Duncan's multiple comparison)ol] ¢]3le] 2F&31A
th. SAIAZE SAS T2 S AFE-3FSITHSAS Institute
Inc., 1985).
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Fig. 13} 7o) SHAAEL A 4 o] 59 F7hol|A
CW-SL-LBG, BW-HPMC, SBO-CMC®] s =& YA Ut
wuth © SBO-CMC2 7A%-& kg ¥ 2 S3d4
£S5 BT CW-SL-LBGS2 BW-HPMCE wax A E 2
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Fig. 1. Changes in the weight loss of multilayer coated lemon

with several compounds during storage at 30°C. 4 : control, Hl

: BW-HPMC, A : SBO-CMC, @ : CW-SL-LBG, error bar:
standard deviation.

o 2= 1t} Petracek et al.(1999)2 4] &=

wax A9 EH] A2 HAF THAAE =Y
W o R BAg ki

3k hydrocolloidA]?] CW-SL-LBG7} BW-HPMCE.t} 5
Frago] e 2192 1o} hydrocolloidAl 7} AEZ 92~
g &z Aoz HAY. Chen &
Nussinovitch(2001) hydrocolloid(xanthan, guar, LBG)E A}
S 2 waxAl =Zo] 27t AMstE = e Wit
o 7k TS A AT Basstelt 28
U AER e Ago] E3E AYAI] BW-HPMCE 53
AaE BHHORE A= BIE 9 TH(Navarro-
Tarazaga et al., 2008).
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Fig. 2. Changes in the coating weight on lemon peels during
drying at 60°C. ll : BW-HPMC, A : SBO-CMC, @ : CW-SL-
LBG, error bar: standard deviation.

SHH Fig. 2004 24 ZE yuhe] ke vt P &
Az A 37+ diske] CW-SL-LBG, BW-HPMC, SBO-
CMC?e| =22 A YET oo o4& HHA 02 7
o] gl R & FAHE =& Yefll= 2oz 7
S, CW-SL-LBG7} 71 k3sslA 28 Aomz
FaroE IS F Ao E A7t

of¥ N

FillE

CW-SL-LBG "] t}& A"o| Hls| Fafgo] vyt
(Fig. 3, 4). ©]Z2 Chen & Nussinovitch(2001)¢] X 3.3t
upe} o] LBGe AA TFell o8 AbAar AuE
A== BA7ERe) o dallvhe] BIE SPIAA 5

S AAs) HEos A7k Wax A B e
WAkl E3E oAlshe] ol Fuae] v e

(Hagenmaier & Shaw, 1992) I Z3Z& =&35HA WHE &
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Fig. 3. Changes in the decaying rate of multilayer coated lemon
with several compounds during storage at 30°C. 4 : control, Hl
: BW-HPMC, A : SBO-CMC, @ : CW-SL-LBG, error bar:
standard deviation.

Fig. 4. Photographs of the multilayer coated lemon with several
compounds after storage at 30°C for 12 days. (a): control, (b):
BW-HPMC, (c¢): SBO-CMC, (d): CW-SL-LBG
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Fig. 5. Changes in the firmness of multilayer coated lemon with
several compounds during storage at 30°C. 4 : control, H :

BW-HPMC, A : SBO-CMC, @ : CW-SL-LBG, error bar:
standard deviation.

‘/]'E]"/L‘Lﬁﬂ "“%io’\ AL 2d& a8 ] FHE
AAsl=d a8 o 2 deix Uk (Navarro-Tarazaga et
al., 2008).

Y3F Fig. 200 vhebd jute] ko] Aol vlws)] & of
et YA AETt Fel s DHS dAVE e AeE

T

84 &8

Fig. 59|49} Zro] #7770l wel Bees 2% Zast
ATk L F CW-SL-LBG] A&7t 71 FashA fA¥
S Btk Axe] wiste SRS WSt vhblgE st
= AEEA oo we} A=l A= SBO-CMC, BW-

HPMC, CW-SL-LBGS] <02 A vehd Roz gzt
Ht}. Navarro-Tarazaga et al.(2008)2 wax A€} A A

229X Ado] &3E FEAQ BW-HPMCS] 23 o)A
AEE A4sy % Aas S/t vld 3AE
HIsk

717kl wet F 71k thFig. 6). A7
5 pH—J vﬂt E%Oﬂ oJgte] AF EA(F714ho] 3l =
7] & o] th(Sawamura et al., 1991). pHe] WH3}E= FH
Aol izt 1ok A vUeg e, 53] SBO-CMC
o] pH W37t 71 AA e ol& Togrul &
Arslan(2004)°] ®.33 SBO-CMCel ¢l3le] pH 2718 &

= Aol g w3t 31
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Fig. 6. Changes in the pH of multilayer coated lemon with
several compounds during storage at 30°C. 4 : control, H :

BW-HPMC, A : SBO-CMC, @ : CW-SL-LBG, error bar:
standard deviation.

HHOo7 AT = vke Aot dATE o vk
T3 BW-HPMC7} CW-SL- LBGEQ— S35t
o eate] Atast ©Ab7rRe] Fapde] Fds] gl
e S50 Afolo] AR Azt
7R LRl Wdke BF dade Biled, &
Ae]re] gFanwke] kel vlste] ¥ Z3UtHFig. 7).
3] SBO-CMC®] 7H&-A AL e] Wshrt 71 #sirt.
+ Togrul & Arslan(2004)°] ®.32gF SBO-CMCel| 93t
e TR 1A FHAO T oA 5 gri= A}
o AAFS & 5 vk 7 AP ES] e TFA
ot o] &, @] FErkeEd, e
(glycomdes)«] ol 71915 Ao 2 (Ball, 1997), 3
dEE AAshs Pl o3 7 7ol vl I %

O o
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0 4 8 12 16
Storage period (day)
Fig. 7. Changes in the soluble solid content of multilayer coated
lemon with several compounds during storage at 30°C. 4 :

control, l : BW-HPMC, A : SBO-CMC, @ : CW-SL-LBG,
error bar: standard deviation.
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Fig. 8. Changes in the titratable acidity of multilayer coated
lemon with several compounds during storage at 30°C. 4 :
control, l : BW-HPMC, A : SBO-CMC, @ : CW-SL-LBG,
error bar: standard deviation.

s

TH(Yaw et al., 1998).
@ié}&i—t—tﬂ SBO-CMC7} 7+ 2k
JAF= = pHel S7Feh Wi
sl= A2 Z X4 (Togrul & Arslan, 2004), 2 AgollA pHY
A Fig. 63 Hlws] & wf JA] v e1A] YERs T
Ball(1997)& wax®} CMCe &3 ZeAe Ao
CMC?O| &o] S7HdrE Aba FHLE7} ol 3L FFA L
7t @71 E A GEE W] wjioln A st o
230 BT o] B Ao AR AER 0~
Algel SBO-CMCSF BW-HPMCol| thsle] Al&® CMC
(8 g&%H1-2000 ml) 2 HPMC(27.8 g/&5+21-2000 ml)e] <
I vlwe] & of 2 AFAS & 5 Utk g, Baldwin
et al(1995)2 =2 BM7E: FRolA = 23]# carboxylic

&=l
T T o
acid7} B H0] A7 S7He & rky BT

2z =X
L Jo
ZiwE A% 7170 wet Z71ek e, CW-SL-LBG,

BW-HPMC, SBO-CMC, tix+¢] o2 ZHE Z717}t
2Lk th(Fig. 9). Hd o] ZHLE Aksld 1H-8-© 2 A{(Morton

Table 1. Compositions of formulations (Unit: percent dry basis)

Compounds Formulations

ol HPMC (34.7), BW (40), Glycerol (17.3), Oleic acid
(8.0)

BW-HPM

y CMC (0.4), SBO (9.0), Sodium oleate (0.7), Water
(89.9)

3»LBG (0.5), CW (10.0), SL (20.0), Oleic acid (1.8),
Morpholine (2.4), Water (82.9)

SBO-CMC?

CW-SL-LBG”

YHPMC, hydroxypropyl methylcellulose; BW, beeswax. Solid contents
(4 %).

ICMC, carboxymethyl cellulose; SBO, soybean oil.

JLBG, locust bean gum; CW, carnaubawax; SL, shellac.

04

=
i

01 F

Absorbance at 420 nm

0.0

0 4 8 12 16
Storage period (day)

Fig. 9. Changes in the absorbance at 420 nm of multilayer

coated lemon with several compounds during storage at 30°C.

@ : control, Ml : BW-HPMC, A : SBO-CMC, @ : CW-SL-LBG,
error bar: standard deviation.

& Macleod, 1982)Z® ol 2|3t AkAo] Ajehy} B A& oA
A7be F8EZQ HEI CoF Eofl o3t A= 7] o
ojth. AbA Apte] G3E Fig. 2004 Fuho] &3} AAst
of B e 2 A7t S & 7 LolFEe A
BollA e]Zo HrE dAkskAl= &t dlee]
o] gitE=H Fig. 99141 A7 7ol & A=
37148 SBO-CMC7} 3.3 CW-SL-LBGS} BW-HPMCE
7 2] H] B9t} Charalambopoulou et al.(2001)2]
o) WETH multilayer®] 73-9- zero-order release®] &3}
£ T der = & W FFE FEEHo] e
o] g7k & EE Aol ol
’\%“’—‘] AgdEo] QA &4
£ o} SBO-
o] Fwell olste] 2
%}E‘}Xﬂ«] axlel] w2
ol F43] %ﬂfﬂﬂ% 1°ﬂ H]5ke] CW-SL-LBG= P_ﬂ}
zs})\]-g};q]ﬂ_ z]_‘_xl K R=4 _-_.‘151 Oi*ﬂ _?7]77],11_1,:_
A E o] zero-order release®] S35 &

% sleh,

=Z=0

K

o]
S

=0

2= [e)
=g

tl

<
T

2sAAL At

T E= FE o] thxato)] Bla] WA HrrEAeH =2
g7]2] ¥ws] 2 wCW-SL-LBG7} SBO-CMC9l| H]3&l
g Rt H7EE A ok(Table 2). ©] A3+ Fig. 39]
Tl &SR E AR FE -2 BW-HPMC® CW-SL-
LBG7} thZ&1-3} SBO-CMCY.t} 38 F2]o a7} o}
3 B E lTh Wax 741@‘ EZo] Oil AYEY F8 £
of a3&5 YepdS & & ASTh Tdid Ao Hx
&= CW-SL-LBG, BW-HPMC, SBO-CMC, tJF-2] S
2 H7rE A= o)A Fig 59 YR A=el g 4
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Table 2. Changes in the sensory scores of multilayer coated
lemon with several compounds

Storage time (day)

Characteristics Group
0 4 8 12
Control 0.0 0.8" 2.7% 3.8°
Decaying BW-HPMC 0.0 0.7° 1.9° 2.9°
degree SBO-CMC 0.0 1.0 2.2° 3.5°
CW-SL-LBG 0.0 0.7° 1.8° 2.6°
Control 3.0 270 2.1° 1.8
Gloss BW-HPMC 3.0 2.9 2.5° 2.3
SBO-CMC 3.0 2.8 1.9° 1.6°
CW-SL-LBG 3.0 2.9 2.4° 2.1*
Control 3.0 2.8 2.4° 2.0°
Firmness BW-HPMC 3.0 2.9 2.7° 2.4°
SBO-CMC 3.0 2.9 2.6° 2.3°
CW-SL-LBG 3.0 2.9 2.8 2.6°
Control 3.0 3.4° 3.9 4.3
Brightness BW-HPMC 3.0 3.1° 3.3° 3.6°
SBO-CMC 3.0 3.2° 3.5° 4.1°
CW-SL-LBG 3.0 3.1° 3.3° 3.5°
Control 3.0 2.9 2.3° 2.1°
Flavor BW-HPMC 3.0 2.9 2.5° 2.2°
SBO-CMC 3.0 2.7 2.1° 1.6°

CW-SL-LBG 3.0 2.5" 2.1° 1.7°

*Means in the same column followed by the same letter are not
significantly different at o0 = 5%.

o} FAFEIATE Grant & Bumns(1994)E wax Al4¢] &
Ao @l aHoltty Buskth #l=e] ol
g #5H7MlME BW-HPMCE A9 3 g Fo]
Zto] H3] "olHtha HrtE ) o) wax 559

7] 2oz AzhE o] X},

o oF

£ =
CitrusAl 48 S8 AQl  beeswax-hydroxypropyl
methylcellulose(BW-HPMC), soybean oil-carboxymethyl

cellulose(SBO-CMC), carnaubawax-shellac-locust bean gum
(CW-SL-LBG)E 7tz Abg-ste] #&ol] WA 12 - staL
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