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ABSTRACT

This study was carried out in order to develop a novel skin-health functional
textile using Sea Buckthorn leaves and fruit oil. Precisely first (Study I) it was
aimed to identify optimized dye conditions of hot water extract of Sea Buckthorn
leaves for two different knit (cotton single jersey, nylon/PU tricot) considering the
effects of temperature, time, dye concentrations, and pH of dye bath, to investigate
color characteristics and dyeing fastness of dyed knits, and to explore antimicrobial
activities and UV protective properties as skin health functions. Secondly another
study (Study II) was performed to optimize the conditions of microencapsulation of
Sea Buckthorn fruit oil using chitosan and arabic gum as wall material, to investigate
volatile characteristics of prepared microcapsules of Sea Buckthorn fruit oil using
electronic nose according to add-on of microcapsules on knit and treatment methods
for each knit, and finally to explore antimicrobial activities depending on laundry
repetition.

The results of Study I and Study II are as follows;

Study I : Textiles with skin-health functions by dyeing with hot water extract of Sea

Buckthorn leaves

1) Hot water extract of Sea Buckthorn leaves showed peaks at 246nm and 353nm
respectively in UV-vis spectra and its main component was thought as flavonoid
by FT-IR spectrum.

2) Hot water extract of Sea Buckthorn leaves was found as safe in terms of skin
toxicity under less concentration of 0.2ug/mL and it showed Antioxidant activities
even under the concentration of 0.005ug/mL

3) The optimal dyeing conditions for cotton were determined as 60°C, 60min, and

acidic state showing hue of YR(Yellow Red) and Y(Yellow) and tone of light,

_Vi_



4)

5)

6)

soft, and dull with pH adjustment. As for nylon/PU, 80°C, 60min, and acidic state
were conformed as optimal dyeing condition and the dyed nylon/PU showed hue
of YR(Yellow Red) and Y(Yellow) and tone of light, soft, and dull with pH
adjustment.

Most of dyeing fastness for cotton with tone of light, soft, and dull were found
as good by getting grades of 4~5 grades except for light fastness with grade of
2. Nylon/PU with tone of dull had higher grades than 4 for most of dyeing
fastness even though it showed grade of 1 for light fastness, which needs to be
improved in a future study.

As for skin-health function, antimicrobial activity was quantitatively evaluated with
bacterial reduction rates for each fibers. Excellent antimicrobial activities over 99.9
% reduction rate against Staphylococcus aureus and Klebsiella pneumoniae were
exhibited for both of cotton and nylon/PU knit undergone more than 10 %(owf)
of dye concentration.

UV protective properties were all very excellent or each fibers in that both of
cotton under more than 10%(owf) dye concentration and nylon/PU under more
than 20%(owf) dye concentrationshowed 50+ grade for UV protection factor and

more than 90% for UV cut ratio

These results could lead to the conclusion that hot water extract of Sea Buckthorn

leaves is a novel resource for natural dyeing to textiles and I could provide

skin-health functions like antimicrobial activity and UV protection property to textiles.
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Study I : Textiles with skin-health functions by treating microcapsules containing Sea

1)

2)

3)

4)

S)

6)

Bukthom fruit oil

Sea Bukthorn fruit oil showed a peak at 472nm in UV/vis spectrum amd it was
confirmed as safe in terms of cell toxicity and as having excellent antioxidant
activities of 99.9% of bacterial reduction rate against Staphylococcus aureus.
Response surface methodology was employed to figure out the optimal conditions
for preparing chitosan-arabic gum microcapsule containing sea buckthorn fruit oil
using coacervation method as suggesting that 4.480(wt%) as buckthorn fruit oil
rate, 4.5803(wt%) as the rate of emulsifier(Tween 80), 10.3535rpm as stirring
speed, 3min 3434 second as stirring duration are the optimized conditions.
Moreover the optimized model was thought as better for particle size diameter of
microcapsule containing sea buckthorn fruit oil with thermal stability by TGA.
Chitosan-arabic gum microcapsule containing sea buckthorn fruit oil was treated
on cotton and nylon/PU knit respectively using both bath immersion method
(BIM) and screen printing method (SPM). The treated knits showed higher add-on
rates for SPM than for BIM, which was proportional to microcapsule
concentrations in bath.

Volatile characteristics of prepared microcapsules of Sea Buckthorn fruit oil were
investigated using electronic nose by rubbing the treated knit, which showed that
the treated knits were differentiated from untreated one in terms of volatility and
their volatility got stronger as microcapsule concentration in bath increased.

As physical property, flexibility of the treated knit was slightly decreased but it
was thought as rarely influencing on wear and touch sensation. As comfort
factors, water-vapor permeability and air permeability were tested showing that
their values decreased slightly, which might not be related to wear comfort.

As a skin-health function, antimicrobial activity was found as excellent in that
cotton knit by SPM and nylon/PU knit exhibited more than 90% of bacterial

reduction rate even after repeated laundry.

- vili -



From these results, it was concluded that chitosan-arabic gum microcapsule
containing sea buckthorn fruit oil could be utilized for textiles to provide
antimicrobial activity as a skin-health function by releasing volatile components in

wear.

Key words: Sea Buckthorn, leaf, oil, cotton, nylon/PU, dyeing fastness, optimal

condition, natural dyeing, microcapsule, response surface, electronic nose,

volatile characteristics, antimicrobial activity, UV protection property
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Fig. 2-1. Photograph of Sea Buckthorn leaves and fruits
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Table 1-1. Local languages of Sea Buckthorn according to nations

Nations Local languages Nations Local languages
. Hippophae . . .
Scientific rhamnoides L. Spanish Espino Armarillo

English Sea-Buckthorn Swedish Havtorn
Russia Oblepika Denmark Tindved
China Sebu Poland Rokitnik
) Yashildoo,
Germany Sanddorn Mongolia Chatsargana
DEEIES
France Argousier Korean APPSR,
Zue s
Dutch Duindoorn Italian Olivello Spinoso
Finnish Tyrni India Leh
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ok vt Itk 489) ¥9) Fo|M Walt ofgoR Yo MolTh 1 a5
AL
(o]

A2 AFEE|o] 2 Ba] Hol= 7reH&F)(Tayade & Adivarekar, 2013; Haji, 201

9; Dhandapani & Sarkar 2007; Ghoreishian et al., 2013; Mozumder & Maju

mder, 2016), A|x%a}, ZEAY So| 9t o Ao Ystoz Mao} dry
S 7Yt MAWATZ0] 52 o] 2CH(<Table 1-3>).

Aedoz JAFA2 2042 AF9 92 Z(Baig, 2010)1} % Fo|H o]=

+2dF2(ihad, 2014)4 8i|lLH(B

huiyan et al., 2018; Yusuf et al., 2012)& H|£5} s|EAlZ9] FMo|i} waf

Ao 2old AXES dFol gt A4S0l U

-
=
H
rOl'
e
®
S E
i)
i
jo
4
of

oL} B, GO AGT W Fo Y RABRA AR I INS AEH
A-7F AR S7tstal Tt tieA oz 2T 9l(Repon et al., 2016)a} vttt
L2 9l(Repon et al., 2016), of2 ;2 Ql(Vadwala & Kola, 2017)2 A AAX]
2 Argsto] et daarie] AR 7]5/dol BRlEAL T

SERIGRE 22 AojE A8 RElNES AR Agsti ol vek

7o o =S AU E ARESHL F 2o BAERA Aol G ZE/do] =™

o, IAZISA oln] AR ZHRI7E Qe M2 AAGA] Ezol2ts HolA
1 7RIS A 4 U2 Aloloh kot Hd3dEolA s hROR|A] ddE &
gm0l tigh A oA AT, dtie) HIVEERIER] Ay A Ao A A
&5 odsA H okxEo s FAFMz AAReHd Y fRAG7]Ss
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Table 1-2. Previous works of natural dyeing with botanical peel, fruit, and flower

Authors and year

Main contents

Chairat et al., (2007)

YUAE FR2A|ol, YUAER} o] U] A F52
S olg. Bt AALZO| BAPY, FTIR, ojA], §A7z)

=g DAL

Hou et al., (2013)

e AlZ9] HARM UV/vis spectrum, pH, FT-IR, Uj%
R, KRIMRICHY, GliAg| s 2 pAKS

O O 71w

Jadav et al. (2017)

Araucaria columnaris®] A% £&552 FAIZE ARESL
Farer 54, 9R22 SV, tAARTE, SAI0HS

i), %‘*ﬂ@ﬂis S

Pawar et al. (2018)

Source Areca Nut &7, UAEY ZZjoAH Az
o] FAlA, Z2]n|&, UV/vis spectrum, FT-IR, Ate]A
AP, @A =

Nizam et al. (2017)

SEAA 2E5E, H HAEE9 A, pH, tiEAIA

Yasukawa et al. (2017)

o
ojd, ool e, Sojed), M
sasde dofo] EAste ddARE 4718 2]
Edobd, & FuUd3-32aE, dugse
EeAlS, AlPUH3-223AE 9 Alop]H3-2e)
wAlS HolE, at AKRY QMY gad, Aol

RFeH, AR T

O»s T 71

Yi, E, & Yoo, E. S.

(2010)

Unripe citrus grandis osbeck(d-3-At O]51He] F&E=,
‘LL%}H _1 OEZI]}\_H}E_)]) pHa FT_IR) E.O]—ﬂ-}\éa ol::I]}\ﬂZjQE

Ali et al., (2016)

Kumaresan, M. (2018)

Pre=1
Jihad, R, (2014) QUYL AT} B FEES A8
’ Axgel G, oA, GuAzEs 1ER

_’Iz_



Table 1-3. Previous works of natural dyeing with botanical root

Authors and year

Main contents

Tayade, P. B., &
Adivarekar, R. V.
(2013)

Cuminum cyminum Lo] 2528 o]8sh
Arlgo] gAY, tjeix], Az s

Haji, A. (2019)

0]-&-

Madder ¥2]2} Weld &2 522
<o} #2), FTIR, @47

HAlZ0] A, mfFA|, Setx
s AT

Dhandapani, R, &

Shikonin(X| x| ¥.2])S o] -&.

Sarkar, A. K. (2007) AR FO] MM, S, AHJARIAASS AR
Ghoreishian, et al., (2013) E%ZHE%%% %l%gt?\_;ﬂ;-}gigﬁ:ﬁ’é, FIR, 2
Mozumder, S., & | 42 (Curcuma longa) €&, Wit AAZO] FAA,
Majumder, S. (2016) A, SMEZ =

A= madder(FFAU)NA FEF S| EZAPE =3
Gupta et al., (2001) o8- TAKSE

Ut E2fo|l B Ag9 A
O] UV/vis spectrum, pHS] F3FS ChH&.

Kamel et al. (2015)

Maddar, Logwood, Cutch and Chelidonium A2
2 x|z o]8’st

T A 20] oﬂ}\ﬂ)\, shatA, AMEr
o £ w3

E X
1 O»

350 G2 A

D9,L’o

Sriumaoum et al (2012)

Turmeric & Cassumunarl] ¥2]&7] 2% PLA %
PET HAE oM, dad, @4 A2 UVAis

spectrum, FMAZ] &
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Table 1-4. Previous works of natural dyeing with botanical leaf (continued on next

page)

Authors and year Main contents

Indigo, kum kum & barberry tree FE5=S FaE AR
Jeyaraj, et al. (2015) st At ZajoAH U 2|l Sub AF0] oAl &
H

A, S2x, A8 goal EAM BN AdAAR LT

s> & T 0> T TT 1> T °H O» O

Bridelia ferrugine B. tree Q) F&5=2 A= AL

Jabar, et al. (2020) AEZ2 QAH)AZC] dMA FT-IR, UV/vis spectrum, Of
A, FAAR =5 vAksh
OFZHIE A o_];;‘} X xz=90 }\}_9_81-
. T2 8T o = Ta== [S=1
Jihad, R. G019 Axige] Qu, oA, Qe RS DU
Henna lawsonia inermis L.(5]ILH)9] A F&55& ©|&.
Bhuiyan, et al. (2018) ZoAH A9 M-S FT-IR, SEM-GA mHUA,

GuA S U0 AL,

dg= 39
a = [e)
SEREERR LTpH—J ke A,

uo\'

>~mk94

Baig, G. A. (2010)

£re
e
i R

Yoo. D. & Shin. Y. %z&*ﬂ Z:*(Diosqus kaki L)9] 2% ?%%; A
2020 AlZ0] AAMXM UV/vis spectrum, DPPH 2}0Z A A
(2020) 24, TR,

_14_



Table 1-4. (continued from previous page)

Authors and year

Main contents

Yoo,
(2019)

W, & Ahn, C.

Indigo leaf®] F&&, AA=9 FAM/A, HPLC-DADZ
A, UV/vis spectrum, pH

Singh, R., & Srivastava,
S. (2017)

, AL AEoA 42 Adds 54, A%

g clolelo] BAat 2 B

o2
o
1=

Sangeetha, et al. (2015)

Lemon 9 £&%8, WAB9 A4, UjAA|, AN
T

Yusuf, et al. (2012)

Henna(Lawsonia inermis)?] o FE&,
EER

délj\ﬂ}\év pHa 6-01—&}6]7 }\ﬂ]_:_JI_ i}\J_}F‘ O]—l_. ” OE:I]}\_]qujﬂE-
Vuthiganond, et al | & A Yt WYI1=2E UL X F&5F, AA9
(2020) A, Z2lh =, tfEA, AIRIARIRY, SMdR =

Terminalia catapa & almond tree 22{|7] QA F&=, L}
Kadvzvgﬁ Yo & Kolloie x2o] alaia, FTIR, UVivs spectrum, pH, U

- (2017) AR, G =

7}x i ifolia(SL= %
Vastrad, J. V. & 3 ]' ](Eucalyptus glol;t;llus, Tinospora cg)r(;lfgha(—?q—ml),

Tridax procumbens(2ZOoHH])YS] FEF WA E9

Byadgi, S. A. (2018)

AMAM & W= &= UVivis spectrum, 4

Musinguzi, et al. (2019)

limsonweed B EUE) U FFE, Wit AXE2Y A
. B, TOGA, 0B, GuRE

Pal, et al. (2016)

Melia composita(E+SUF)2] <
G2 oAy, g

Repon, et al. (2016)

sfb ot x #7] 2 o], ¥

Shahid, et al. (2017)

o 1 O»
AR
Honeysuckle(Q15E =) o ZFEE, HAAZ9 FAHA,
LY 2ACeD)Y A, P, pH, UV/ivis

spectrum, FT-IR, GMAZ] &

Singh, et al. (2005)

O} AIE0] MM 471X] AHAE Acacia catechu,
Kerria lacca, Quercus infectoria, Rubia cordifolia %!
Rumex maritimus, LEHAQl ¥ Escherichia coli,
Bacillus subtilis, Klebsiella pneumoniae, Proteus vulgaris

4l Pseudomonas aeruginosa®]| g

_15_



Table 1-4. (continued from previous page)

Musinguzi, et al. (2019)

Jimsonweed( =Y E) A FTEF
d, S, SuEA, njdE, |

Pal, et al. (2016)

Melia composita(E+&SLF)2] <

T I, It

H =R _LL7 o Eq}\-]‘z'o O AHA] O AH
Repon, et al. (2016) 7:]{;? ”% ] ]E ] U OE‘J ao’1’o, o’

Honeysuckle(Q15H=2) o ZEZ, ARE9 FAA
Shahid, et al. (2017) A AAA|(CCD)e] FASH s, pH, UV/vis

spectrum, FT-IR, GMAZ] &

Singh, et al. (2005)

SLAF0] FMAY, 47FK] HAAE =" Acacia catechu,
Kerria lacca, Quercus infectoria, Rubia cordifolia %

Qe ol ¥l Escherichia coli,
Bacillus subtilis, Klebsiella pneumoniae, Proteus vulgaris

2l Pseudomonas aeruginosa®]| g

Rumex maritimus,

_’Ié_
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2. A2 % AFYY
2.1. Ala
2.1.1. A=
= Ao ARgeE Alge W BASY UAdE/PU 2 HAEE9 2% A
I EX& <Table 1-5>1} Ztt
Table 1-5. Characteristics of specimens
. . Weight | Thickness Fabric count
Specimens Fabric Weave (/) ) (warp*weftin?)
C Cotton Single jersey | 165.60 0.53 75%100
Nylon/PU .
N 28/12 Tricot 179.60 0.52 67%x98
H]E}RILER(Sea Buckthorn)9] 9l& AMESHAICH, 55 5= Al
ARstel Ax3 A PYsto]

2.1.2. H]E].D]L_].U ol

Al 61

w A=
Ao A Riets BIEFRILERO|lA 20181 82

AE31gL,

Fig. 1-3. Photo of dned Sea Buckthorn leaves

_‘|8_



2.1.3. AJeF

HlERIUYRY EaFE=S 280t ¥4 A pH 2AAIRE pAlRfuE
(NaOH: DUKSAN PURE CHEMICALS CO.Ltd, Korea)dt —¥4HCeHsO7:
DUKSAN PURE CHEMICALS CO..Ltd, Korea)& AF-g3t%ict.

HlERILERGl A25E2 S AR Ystel 7A B ulEuILReld) B
e 208) Rajo] FFEAS AN § £nd UF AL 2%7](COSMOS-660,
KYUNGSED E&P, Korea)?] Z2¢aE F&H7|58 o]8519 100°ColA 3AIZF &5

=Z&E5ty 7o wpyog 9 3k ¥kE A& och 1k}, 24}, 3k &ML nE &

14
I
o

BZYA] AAHSE o x]S(Standard testing sieve 75um) ©]-835}o] o
Wotal, &34 Ay A2 FE7](COSMOS-660, KYUNGSED E&P, Korea)?] =

71s= AH&SHY 80°CollA x7] 49 1/32 52 WA s&5s138H. =593
2 &2Z7](SFDM 45L, AP EMAIYoH )= -40°ColA 3L 52 AAE35H9

wHetetal o3 Fa= ARG

Fig. 1-4. Photo of Sea Buckthorn leaves hot
water extract powder
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2.2.2. 25520 SN

1) "l A EH E4 AMED 57

HERIURS daF5E 229 899 Fdisamtds gotdr] ¢sh Ate]
A 7TAI A B33 A(UV/Vis spectrophotometer, Lambda25, PerkinElmar,
LabX)S o]&sto XIAMZFEE] infrasil A99] F=z Zol7F 10mmel 3.5mlL,

2/pk Tj22 Mg Algste] ¥z goMo] Eaw = 200~800nme] THEHH o) A]

2) A 237] 249EH (FT-IR) 574

HERRIUR E45559 472 Fdst] flsto] F2of wgh A
(FT-IR 4600, JASCO, Japan)g ©|&sto KBr ¥Ho 2sf FT-IR ¥igt AHEHS
5k 600~4000cm™ 9] oA MA S 545+

u]EpglLRQ) Q55520 s = e
MTT((3-(4,5-dimethylthiazole-2-y)-2,5-diphenyl-tetrazolium bromide) &
oz Aoty F2HO R ARIEY AAME oA Al¥sttt. QA mEZHAY
M MZE HaCaT(human keratinocyte cell)S 10% FBS7} Z3t=l DMEM HjX]oj
1% penicillin-streptomycing &7tsto] 37°C, 5% C0O.°9] 7oA vjYgstodct.
voFEl HaCaT AlZE 1x10* cell/wello] ¥l =2 96well plateo] BZst1 24A17F
g 2ol BERIURS] E4FEES w82 At 244Kt vigEtIY 1
S HiX|=S A|AHs5taL A|EZS PBS(Phosphate butter saline)2 A|ASH F 2+ w
of MTT & (bmg/mL)& A7IstL 257 &¢F VAT O 2 vjfel3 A|A

_20_



st A= formazan 2748 DMSOo| 8djA]71 ELISA readerE o|85}o

2) DPPH radical & &4

RTINS

Jbstitt. DPPHY S HAZO] 4284 =22 §7180) 2529 Fast 24 =
Yo da] ALgsts ¥yolth DPPHE radical AJEjolA ®ebie =, #elo]
SH Aol 2.2-diphenyl-1-picrylhydrazine (DPPH-H)o= WHSECH & ¢
H§ elrj2Ql DPPHE Alstuix2dzue Az 52 242 A
non-radical2  AgHt.  H&Zo]  &siAlZl  0.2mM  DPPH
IM=394.3g/1L)S A|&R35lq 1:1(v/v) B]&2 BIEFRIL}TO H4AXE59 ¥ g
96wall plateo] g1l 3Z3F voltexing st oA 30 &< WAz, Fot
9= gtgzo] =x= UV/Vis Spectrophotometer(SCINCO, Seoul, Korea)s
o] &35t 530nmofA EHAstE o, FH U+ O zZE ascorbic acid(Sigma,
USA)S AH&stAH

DPPH scavenging activity (%) = %100

Eq. (1)

C: Absorbance of control
S: Absorbance of sample

HlERRILROl AhxERe] § Bus SelE AL AYIHA

2 Y 3ol 3742 AYY S slMst] 08 U Ao £E5HY
8 FE42 50mL &I T AW IMsto] APEACR A1g3HY

o
=22 75mLo A& ImLE YL 2 Folin-denis reagent 0.5mL, 35%



Sodium carbonate 1mLE &£ATR 7}sto] &8st § rAofA 3087F ¥hx] &
UV/Vis Spectrophotometer(X-ma 2000, Human Corporation, Seoul, Korea)
o] &sfo] 760nmofA FF =S F5IAT. EE =42 Tannic acidS ©]-&5}

=
o] mg TAE(Tannic acid equivalents)2 UEIct.

H]EfRILtRel dA4ax&80] FojAEAHS KS K 0693:2016 (Korean Agency
for Technology and Standards[KATS])?] H5 ¥ A|ldHE 85t HAHFA
T+ AS(reduction rates in no. of colonies)g #5190} AlddE5oz72= T2t

SR A0l MR ¢ AL Staphylococcus aureus ATCC 6538)x H|& 7+

oo} ERILIRS dad
| AGHO] 27 ARDFS sigste] 18417 § Z7e) ARAE S4ste] of

2] BA@ol uet FH FFUASS ANAC,

(]
o
o
o\
=il
>
=)
Jr
ro
fo
>
o2
r ©
i
o
i)
Ele}
>
b
|o
=2
L

My-M,
—  x100

Antibacterial rate (%) = M Eq. (4)
c q-

My: The number of bacteria recovered from the inoculated
control specimen incubated for 18hours

M.: The number of bacteria recovered from the inoculated
treated test specimen incubated for 18hours
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2.2.4. Alg GM
1) 48 57

Q
o

olt

_R

Ao R AtzFHA7|(Perfect 24, KOREA SCIENCE Co.,
SH]= 1:1009] =04 AA|sHA =,
%(10, 20, 30, 40, 50, 60, 70, 80, 90, 100% owf),
o cralsto] AlX|Et9ITt dolo] pHIF ARMA o
pH &A7|(Starter 3100 pH Bench, Ohaus, USA)ES
2-112 AdA sttt

o]
A2 (40, 50, 60, 70, 80°C),
A MA]ZH30, 40, 50, 60%)
dote 7] 2fsto
&5to] FHel pHE

}

Od O =
o —1 0

Korea)s

]]1_—-‘ o= o) AR
T oo=

o]

2) A&F L AASH
QMT W MYE U YUE/PU EY WS ARSY @AYo EW NP
K/Su2 A5 o, ol MAA|(Minolta CM-2500d, Japan)& AR5t |
54 T Mnar)?! 36010A ] mHYM &S F7dstal, ofgfo Kubelka-Munk?]
of ofstof Ar=sHRATH
K/S = (1 - R?Lmax)z/zR?Lmax Eq (2)
K: coefficient of abcorption

S: coefficient of scattering

R: reflected light at wavelength

SA Almo] mH MR tiet F2H Edo=zA MA(Minolta CM-2500d,
Japan)g ©|-&5t0] Desddut Alopzt 10° £710|A] CIELAB EAAO] oJst L°, a

b, O e £A5HY T} o]5 Munsell conversion(version 19.0)of] oJd ©

Al MAIAIQ] 344 %] H(Hue) V(Value)/C(Chroma) Zfo g2 WaHstith AxHo]35}

ABR} ARhE AMA S SHA oS WA A RS 7|E0R stof offo) Aoz A
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=519t FEsF Al: W MR M ZX(tone)= PCCS(practical color

= [(AL*Y +(Aa™ )+ (Ab")]"? Eq. (3)
3) M A
HIEPRILRQl dAZxE 2 FAst o HAdE Y Ud=2/PU 28 HAYE9 ¢
M Ae Ak AL (KS K ISO 105-B02:2014 Xenon arc (6.5kw WAL

W3 wEPAA o] o))t =etolZeld MR =(KS K ISO 105-E04:
2013 (37£2)°C 4A17), £Aet AR E(TWC TM 250: 2009 ((40+2)°C 30% ECE
A AIAD), o AR =(KS K 0650-1: 2017, 22 30]8Y), & A= E(KS K ISO
105 E04: 2013 (37+2)°C 4A|Zhol| w2} B7}stAct.

HERRIURS Ea5EE2 AT AE9 JudEde BUsh] fsh KS K
0693:20169] 9ot ALFA #FAS(reduction rates in no. of colonies)S
SRt AldedSoze  IFSGA8HY FMEEYH(Staphylococcus
aureus ATCC 6538)y} M7t Klebsiella pneumoniae ATCC 4352)& A8}
[t tHEH Ald®o] viefsto] 18A1F F Z2e] AateE F4s5t ot &
@)l gt AR ARLARES AN
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My-M,

Antibacterial rate (%) = M—C %100

Eq. (4)

My: The number of bacteria recovered from the inoculated
control specimen incubated for 18hours
M.: The number of bacteria recovered from the inoculated
treated test specimen incubated for 18hours

2) Rl ARE

o]

o

S|

o bl

HlEfRILES olg/PU £
QIMAHA T7H= UV Transmittance Analyzer(Labsphere Co., USA)E A
st KS K 0850:2019 &8of met Hrtstg ot Xenon Arcdgoz X}
A4 71% AS/NZS 4399:20170f whef AR AdAH-&(%)2t AHef A A}

575t9ict

o A
[= R

ﬂ

ki

rﬂ
>4E
r}ov

drrzER 2

[e)

L=
[T

UV transmittance(%) = (7/B) x 100

UV protection(%) = 100 - UV transmittance(%) Eq. ()

T: UV transmitted through the fabric sample
B: UV transmitted without the fabric

_25_



3. d7Za 9 A
3.1. v dLxFxEF0 41 myAZ75A
3.1.1. JBREXN
1) RAIJA-7HA g &4 A2HER £
HIEFILEQ] AR EFQ SYEE YotE”] Yoto 25 gx12 59
0.001%(w/w) @5 FAHo] FS4udS 200~800nm DY FAoA FASH
A= <Fig. 1-5>1F ot KoM Al d9d & 246nmet 353nmof|A ZHzt
Ao S m3rt yehgoh deisloz  Z, Qlojup &ofo] 5o lon

garbanzol, sulfureting Z2fH0]=0o]| &5f= M ZetEy EdEEF7)

240~400nmoj|A] &2 noARS Woltty Y 1% B2 2(Cho, 2004), v|EFIILIZO]

BLFEF9 70 7oz Zegtdrolt 3IjhEo] ndEE= 718 & 4 Qlth

2) HJA &4 29 (FT-IR) &4
HIEFILRQ] A5 559] FT-IR AHER BMAu= <Fig. 1-6>0] A|AlstAt
IRRo® AmEd HERRIURY IAREEBO 3246.48cm, 2916.56cm
1602.47cm™ 1493.12cm™,  1444.61cm™,  1326.55cm™ 1186.35cm ™,
1047.36cm™!, 916.331cm™, 827.025cm™!, 756.693cm ™ 'oj|A] z¥zF o] =7} vttt
opAt 54~ 3246.48cm 9] W3 = mEA Sto] E2A]7|(-OH)9] &A1S UYERY T, OH
Ato]o] ThFst A AT W&o Ueht= Zioloh 73t oAk &4 2916.56cm oA
97120 dutxlo g meeEl C-H I1F9] AYE mj3r) g B3, 221
oFst mpt &4 1602.47cm 2] ThETAoA 72 BAI7](-C=0)2] EX|E 2ojulstct
oA} 2 1493.12cm ™9} 1444 61lcm™ 'S 818kE O020] C=C9o &=x12 UeH,
E2 o 1326.55 ~ 1047.36cm™ 2 C-0 289] =xj2 At F3t it &
916.331 ~ 633.929cm Q1 JA = = 712 UERQIct metd 2E 50 =

- 26 -
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Fig. 1-5. UV/Vis spectrum of hot water extract of Sea Buckthorn

(0.001%w/w)

leaves
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Fig. 1-6. FT-IR spectrum of hot water extract of Sea Buckhorn leaves

_27_



3.1.2. RAZ7S4

D) my £

SERIR PaxEBo] WY £4 BAL QX 2Ry MEZR HaCaT
g3tol 2 29 A42EZ Ao

e DMSO cello] A% 4E8S FAstgct & A0 Aue <Fig. 1-7>0] A
AlstQiedl, tlETe} vlastel 20pg/mLo] E7tA| AEEHol Aol gAlsH
Uehba 4o 2x] gk o2 Uepdth 44252 200pg/mLo] FE9 of
28] HE FAo] gasts e L & Yk weby sEI}RY daxsEe

A= 20pg/mLo} H=7kA] o =7 WollA ehdsttta & 4 Qi

0.3

0.2
¢, _d : |
< 02 L
2
2 0.1 [
>
rTg
SIS

0.0

control 0.02 0.2 2 20 200
Concentration (pg/mL)

Fig. 1-7. Effect of hot water extract of Sea Buckthorn leaves on cell viability of
DMSO cell
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2) DPPH radical &4+ &4

BlERIRYl 4339 dAede et DPPHR2 DPPHZE 530nmojlM &
7 A3t free radicalol2t= E4& o] &35ttt &
o] DPPH7} @Atstsg 7Hxl BAl2 B F AAY hydrogen radicale ®rOo

=2
gdelo] Ao e gMET, 1 F4ag FY¥EE FYdnt BgUuRed 24
= 1

oA
[-'O
/o
4>
o
Q
=]
Q.
fuju
A=
r l[‘
)
K
i)
l-'O

M 1:1)2 DPPH &0 A7}sto] free radical &7 &4

O A2 A <Fig. 1-8>0f A|A|3t vl Zro] v|EluiLtRel &
27152 = ofe} 28% ~ 39%°] S LERYQIL). S 9
2 DPPHAAALS AmHud v|etulL}Rol gdAXES50 ()5g/m[o] =ro] o

27t A7lgo] s Wate ®olx| opx gAElgo] 4sitin W]

ot @ F%E9 5%t 5ug/mLet 50ug/mLe] 2ol DPPH 47450l
FRo| FE= T EAH

50
S T
= 40 T
£
£
& 30 - L
= T
B
S 20
>
41
Q
73]
T 10
(a1
o
a

0

0.005 0.05 0.5 5 50
Concentration (pg/ml)

Fig. 1-8. DPPH radical scavenging activity of hot water extract of Sea Buckthorn
leaves depending on concentrations
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Table 1-6. Antimicrobial activity of hot water extract of Sea Buckhorn leaves

Bacterial reduction rate (%)
Specimen
Staphylococcus aureus Klebsiella pneumoniae
Control
HWESBL 99.9

HWESBL: Hot wat extract of Sea Buckthorn
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Fig. 1-9. Effect of temperature on dye uptake (K/S) of cotton knit depending on dye
concentrations (60min)
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Fig. 1-10. Effect of dyeing time and temperature on dye uptake (K/S) under 50%
(owf) of dye concentration
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Fig. 1-11. Effect of dyeing time and temperature on dye uptake (K/S) under 80% of
dye concentration
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Fig. 1-12. Effect of dyeing time and temperature on dye uptake (K/S) under 100%
of dye concentration
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Fig 1-13. Effect of temperature on dye uptake (K/S) of nylon/PU knit depending on
dye concentrations (60min)
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Fig. 1-14. Effect of dyeing time on dye uptake (K/S) under 50% of dye
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Fig. 1-17. Effect of dye bath pH on the K/S of cotton knit fabric dyed with Sea
Buckthorn leaves hot water extract (60°C, 60 min)

_40_



18 O

16 M
” N \ —A—20% —-0—80%
=
NN
e
\ o
S~

243 310 416 517 630 7.4 806 9.13 1005 11.34

K/S

M s Oy oo

pH

Fig. 1-18. Effect of dye bath pH on the K/S of nylon/PU knit fabric dyed with Sea
Buckthorn leaves hot water extract (80°C, 60 min)
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Table 1-7. Color characteristics of dyed cotton knit fabric depending on dye
concentrations (60°C, 60min)

CIE Munsell
Dye PCCS Visual
conc. AE
o . . . . tone color
(%, owf) | L a b C H(V/C)
Control 94.71 | 0.26 -4.6 - - - - -
10 78.65 | 2.39 12.29 12.52 9.06YR(7.72/1.95) It 2341
20 76.09 | 2.59 | 13.35 | 13.60 9.25YR(7.46/2.10) Itg 2597
30 73.87 | 2.80 | 14.00 | 14.27 9.31YR(7.23/2.21) sf 28.04
40 72.32 | 2.77 14.27 14.53 9.53YR(7.07/2.23) sf 29.39
50 69.87 | 2.88 | 14.60 | 14.88 9.56YR(6.82/2.29) sf 31.51
60 69.82 | 299 | 1512 | 1542 9.59YR(6.82/2.37) sf 31.87
70 69.20 | 2.84 | 15.13 | 15.39 9.78YR(6.76/2.35) sf 32.35
80 6791 | 299 | 15.67 | 15.95 9.79YR(6.63/2.44) d 33.71
90 68.06 | 297 | 1579 | 16.07 9.84YR(6.64/2.46) d 33.67
100 6637 | 3.12 | 16.06 | 16.36 9.80YR(6.47/2.51) d 35.61
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Table 1-8. Color characteristics of dyed nylon/PU knit depending on dye
concentrations (80°C, 60min)

D CIE Munsell
ve PCCS Visual
conc. AE
o . . . . tone color
(%, owf) | L a b C H(V/C)
Control 9434 | -0.43 -2.05 - - - - -
10 62.56 2.82 18.70 | 18.91 0.66Y(6.09/2.86) sf 38.10 -
20 58.63 3.05 19.48 | 19.72 0.79Y(5.69/2.99) d 41.84 -
30 5591 348 19.94 | 20.24 0.66Y(5.43/3.08) d 44 45 -
40 54.85 3.69 20.30 | 20.63 0.59Y(5.32/3.15) d 45.56 -
50 54.16 4.07 20.98 | 21.37 0.47Y(5.25/3.27) d 46.53 -
60 54.51 4.14 21.38 | 21.78 0.45Y(5.29/3.33) d 46.44 -
70 54.06 4.30 21.84 | 22.26 0.40Y(5.24/3.41) d 47.07 -
80 53.49 4.39 22.01 | 22.44 0.40Y(5.19/3.44) d 47.65 -
90 53.25 4.33 21.56 | 21.99 0.41Y(5.16/3.37) d 47.63 -
100 54.34 431 2240 | 22.81 0.50Y(5.27/3.49) d 47.12 -

HERILRSl daFEs g9 pHYE W HA=9 Y MY 5440 njx]= o
3k ASIIAL TIEA O 10%, 30%, 50%, 80%(owf) & pHol ©2 AzjEA
2 Melslgirt. <Table 1-9>2 10%(owf) @ole] pHol oh2 Az =
Munsell®] A#AF Hoj| 7]&sto] pH 7.15 ©o|stoflA]= YR(YellowRed) A€S, pH
8.20 o]Ao A= Y(Yellow) Al€E, pH 11.05= GY(Green Yellow) A|Eo|gt}t. &
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Table 1-9. Color characteristics of dyed cotton knit depending on pH adjustment
(10% owf, 60°C, 60min)

CIE Munsell
PCCS Visual
tone color

pH | K/S AE
L* | a b | C H(V/C)

243 | 293 | 7027 | 3.23 | 1448 | 14.84 | 9.19YR(6.86/2.31) | 6.27 sf

328 | 2.61 | 71.38 | 297 | 13.43 | 13.75 | 9.15YR(6.98/2.14) | 4.98 sf

4.06 | 231 | 73.28 | 3.12 | 13.53 | 13.88 | 8.92YR(7.17/2.18) | 3.12 sf

502 | 1.75 | 76.34 | 2.81 | 12.97 | 13.27 | 8.91YR(7.49/2.08) - It

6.10 | 1.51 | 77.49 | 2.55 | 12.85 | 13.10 | 9.09YR(7.60/2.04) | 1.19 Itg

7.15 | 1.82 | 76.71 | 2.61 | 13.54 | 13.79 | 9.24YR(7.52/2.14) | 0.71 Itg

820 | 0.90 | 81.99 | 0.09 | 14.86 | 14.86 | 1.89Y(8.07/2.03) 6.55 It

9.02 | 0.75 | 83.89 | -0.52 | 14.94 | 1495 | 2.57Y(8.26/1.97) 8.49 It

10.03 | 0.58 | 88.05 | -2.70 | 14.25 | 14.50 | 6.03Y(8.69/1.72) | 13.00 It

11.05 | 0.50 | 90.94 | -5.12 | 14.84 | 15.70 | 0.92GY(8.99/1.74) | 16.72 p
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Table 1-10. Color characteristics of dyed cotton knit depending on pH adjustment
(30% owf, 60°C, 60min)

CIE Munsell
pH | K/S MND)
L" a” b” (oM H(V/C)

PCCS Visual
tone color

243 | 558 | 65.00 | 3.48 | 16.20 | 16.57 | 9.59YR(6.33/2.56) | 6.98 d

328 | 526 | 66.86 | 3.55 | 16.55 | 16.93 | 9.53YR(6.52/2.62) | 5.29 d

4.06 | 440 | 68.86 | 3.30 | 15.72 | 16.06 | 9.49YR(6.72/2.48) | 3.12 sf

502 | 3.14 | 71.84 | 2.97 | 14.88 | 15.17 | 9.47YR(7.02/2.34) - sf

6.10 | 251 | 73.92 | 251 | 13.97 | 14.19 | 9.61YR(7.24/2.17) | 2.32 sf

7.15 | 213 | 75.69 | 0.61 | 18.82 | 18.83 | 2.03Y(7.42/2.68) 6.00 sf

820 | 253 | 76.29 | -2.26 | 27.67 | 27.76 | 4.34Y(7.48/3.80) | 14.52 sf

9.02 | 1.81 | 80.19 | -2.89 | 26.38 | 26.54 | 4.64Y(7.88/3.57) | 15.37 It

10.03 | 1.20 | 85.52 | -5.06 | 25.90 | 26.39 | 6.82Y(8.43/3.33) | 19.32 It

11.05 | 1.17 | 86.95 | -6.49 | 28.66 | 29.38 | 7.86Y(8.58/3.67) | 22.53 It
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Table 1-11. Color characteristics of dyed cotton knit depending on pH adjustment
(50% owf, 60°C, 60min)
CIE Munsell
S K/S AE PCCS Visual
tone color
L a’ b | C” H(V/C)
243 | 7.50 | 62.97 | 3.74 | 17.46 | 17.86 | 9.71YR(6.13/2.77) | 7.12 d
328 | 6.87 | 64.85 | 3.65 | 17.30 | 17.68 | 9.67YR(6.32/2.74) | 5.29 d
4.06 | 6.54 | 65.60 | 3.53 | 17.12 | 17.48 | 9.70YR(6.39/2.70) | 4.52 d
5.02 | 441 | 69.76 | 292 | 1547 | 15.74 | 9.76YR(6.81/2.41) - d
6.10 | 3.49 | 71.89 | 2.58 | 15.26 | 15.47 | 9.95YR(7.03/2.34) | 2.16 sf
7.15 | 252 | 75.18 | 0.56 | 19.05 | 19.06 | 2.14Y(7.37/2.71) 6.91 sf
8.20 | 3.30 | 74.49 | -2.57 | 30.65 | 30.76 | 4.57Y(7.30/4.22) | 16.83 sf
9.02 | 2.54 | 78.64 | -3.34 | 30.85 | 31.03 | 4.86Y(7.72/4.21) | 18.83 It
10.03 | 1.68 | 82.66 | -4.25 | 28.26 | 28.58 | 5.60Y(8.14/3.76) | 19.53 It
11.05 | 1.86 | 83.58 | -5.36 | 32.08 | 32.53 | 6.31Y(8.23/4.27) | 23.14 It
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Table 1-12. Color characteristics of dyed cotton knit depending on pH adjustment
(80% owf, 60°C, 60min)

CIE Munsell
PCCS Visual
tone color

pH | K/S AE
L a’ b | C H(V/C)

243 1998 | 60.10 | 3.90 | 18.63 | 19.04 | 9.90YR(5.84/2.95) | 7.63 d

328 | 9.18 | 61.89 | 3.71 | 1852 | 18.89 | 9.93YR(6.02/2.91) | 5.92 d

4.06 | 7.06 | 65.17 | 3.28 | 17.48 | 17.78 | 0.01Y(6.35/2.72) | 2.53 d

5.02 | 5.60 | 67.20 | 2.92 | 16.01 | 16.28 | 9.96YR(6.55/2.48) - d

6.10 | 3.96 | 71.64 | 2.49 | 16.23 | 16.42 | 0.23Y(7.00/2.47) | 4.46 sf

7.15 | 293 | 73.33 | 1.50 | 17.85 | 17.91 | 1.26Y(7.18/2.62) | 6.56 sf

820 | 3.19 | 74.60 | -1.50 | 27.90 | 27.94 | 3.95Y(7.31/3.88) | 14.69 sf

9.02 | 3.18 | 75.53 | -2.68 | 32.08 | 32.19 | 4.59Y(7.40/4.42) | 18.95 sf

10.03 | 2.29 | 79.40 | -3.31 | 31.89 | 32.06 | 4.76Y(7.80/4.37) | 20.97 It

11.05 | 2.40 | 80.48 | -3.79 | 33.64 | 33.85 | 4.96Y(7.91/4.60) | 23.06 It
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Table 1-13. Color characteristics of dyed nylon/PU knit depending on pH adjustment
(20% owf)

CIE Munsell
PCCS Visual
tone color

pH | K/S AE
L | a~ | b | C H(V/C)

243 | 13.57 | 55.54 | 441 | 19.80 | 20.28 | 9.95YR(5.39/3.15) | 3.79 d

3.10 | 13.23 | 55.04 | 438 | 20.71 | 21.17 | 0.14Y(5.34/3.27) | 4.37 d

4.16 | 14.11 | 54.81 | 4.68 | 22.20 | 22.69 | 0.18Y(5.32/3.50) | 5.22 d

5.17 | 13.51 | 59.10 | 3.15 | 19.67 | 19.92 | 0.73Y(5.74/3.03) - d

6.30 | 12.65 | 61.55 | 2.48 | 20.05 | 20.20 | 1.16Y(5.99/3.03) | 2.57 d

7.14 | 11.76 | 6449 | 195 | 20.22 | 20.32 | 1.50Y(6.28/3.00) | 5.54 d

8.06 | 996 | 6838 | 1.48 | 20.53 | 20.58 | 1.78Y(6.67/3.00) | 9.47 sf

9.13 6.44 | 73.74 | 1.20 | 19.06 | 19.10 | 1.63Y(7.22/2.77) | 14.77 sf

10.05 | 4.25 | 80.77 | -0.30 | 19.46 | 19.46 | 2.66Y(7.94/2.69) | 21.94 It

1134 | 2.82 | 88.17 | -3.02 | 16.06 | 16.34 | 6.00Y(8.70/1.94) | 29.94 p

_53_



Table 1-14. Color characteristics of dyed nylon/PU knit depending on pH adjustment

(80% owf)
CIE Munsell

| m || e

L* a’ b* c’ H(V/C)
243 | 16.81 | 52.23 | 545 | 22.22 | 22.88 | 9.75YR(5.06/3.55) | 3.24 d -
3.10 | 17.22 | 51.01 | 597 | 23.14 | 23.89 | 9.57YR(4.95/3.72) | 4.73 d -
4.16 | 18.00 | 51.44 | 5.61 | 23.34 | 24.00 | 9.85YR(4.99/3.71) | 4.28 d -
517 | 17.40 | 55.10 | 4.03 | 21.77 | 22.14 | 0.55Y(5.35/3.38) - d -
6.30 | 17.05 | 57.64 | 2.48 | 20.72 | 20.87 | 1.43Y(5.60/3.12) | 3.15 d -
7.14 | 1529 | 59.66 | 2.49 | 19.87 | 20.03 | 1.25Y(5.80/3.00) | 5.17 d -
8.06 | 12.95 | 63.25 | 231 | 20.04 | 20.18 | 1.24Y(6.16/3.01) | 8.51 sf -
9.13 9.63 | 6889 | 1.66 | 20.52 | 20.58 | 1.61Y(6.72/3.01) | 14.05 sf J%iﬂm@
10.05 | 691 | 7550 | 0.07 | 22.03 | 22.03 | 2.74Y(7.40/3.11) | 20.78 sf
1134 | 498 | 81.04 | -2.09 | 23.56 | 23.65 | 4.13Y(7.97/3.20) | 26.71 It
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Table 1-15. Dyeing fastness properties of dyed cotton knit (60°C, 60min)

PCCS tone & dyeing conditions It 58 d
- pH 3 - pH 3

Dyeing fastness properties 10 30 50 10 20 30 20
Color change | 4-5 4 4 4 4 4 4
Acidic Cotton | 4-5 | 4-5 | 4-5 4-5 4-5 4 34

Stain
Wool | 4-5 | 4-5 | 4-5 4-5 4-5 3-4 3-4

Perspiration

Color change | 4-5 4 4 4 4 4 4
Alkaline Cotton | 4-5 | 4-5 | 4-5 4-5 4-5 4 34

Stain
Wool | 4-5 | 4-5 | 4-5 4-5 4-5 3-4 34
Dry 4-5 4 4 4-5 4 4-5 4

Rubbing
Wet 4 4 34 4 3-4 4 3-4
Light fastness Color change 2 2-3 3 2-3 3 2-3 3
Color change 2-3 | 23 | 23 2-3 2-3 2 2
Acetate 4-5 | 4-5 | 4-5 4-5 4-5 4-5 4-5
Cotton 4-5 | 45 | 45 4-5 4-5 4-5 4-5
Hand washing Polyamide | 4-5 | 4-5 | 45 | 4-5 | 45 | 45 | 4-5
laundry )
Stain

Polyester 4-5 | 45 | 4-5 4-5 4-5 4-5 4-5
Acrylic 4-5 | 4-5 | 4-5 4-5 4-5 4-5 4-5
wool 4-5 | 45 | 4-5 4-5 4-5 4-5 4-5
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Table 1-16. Dyeing fastness properties of dyed nylon/PU knit (70°C, 60min)

PCCS tone & dyeing conditions

Dyeing fastness properties 20 30
Color change 4-5 4-5
Acidic Cotton 4-5 4

Stain
Polyamide 4-5 4-5

Perspiration

Color change 4-5 4-5
Alkaline Cotton 4-5 4

Stain
Polyamide 4-5 4-5
Dry 4-5 4-5

Rubbing
Wet 4-5 4
Light fastness Color change 1 1
Color change 4-5 4-5
Acetate 4-5 4-5
Cotton 4-5 4-5
H hi
anliu:js ne Polyamide 4-5 4-5
Y Stain

Polyester 4-5 4-5
Acrylic 4-5 4-5
wool 4-5 4-5
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Table 1-17. Dyeing fastness properties of dyed nylon/PU knit (80°C, 60min)

PCCS tone & dyeing conditions d
pH 4

Dyeing fastness properties 20 30 20 30
Color change 4-5 4-5 4-5 4-5
Acidic Cotton 4-5 4-5 4 4-5

Stain
Polyamide 4-5 4-5 4 4-5

Perspiration

Color change 4-5 4-5 4-5 4-5
Alkaline Cotton 4-5 4-5 4 4

Stain
Polyamide 4-5 4-5 4 4-5
Dry 4-5 4-5 4 4

Rubbing
Wet 4-5 4-5 3-4 4
Light fastness Color change 1-2 1-2 2 2-3
Color change 4-5 4-5 4 4-5
Acetate 4-5 4-5 4-5 4-5
Cotton 4-5 4-5 4-5 4-5
Hand washing Polyamide 4-5 4-5 4-5 4-5
laundry .
Stain

Polyester 4-5 4-5 4-5 4-5
Acrylic 4-5 4-5 4-5 4-5
wool 4-5 4-5 4-5 4-5
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Table 1-18. Antimicrobial activity against S. aureus and K. pneumoniae of dyed
cotton knit

Dye Bacterial reduction rate (%)
concentration
(%, owf) Staphylococcus aureus Klebsiella pneumoniae
Control
m.uui_~ ‘ 20190517
[ CH=E(Control sample), After (18 = 1) h] [ CH=E (Control sample), After (18 = 1) h ]
ATR
10 99.9 >99.9
20180617
[ N@H (Test sample), After (18 + 1) h, AIE1 ] [ AIE® (Test samole), After (18 = 1) h, AIE1 ]
ATR ATR
30 99.9 >99.9
20190617 20180617
[ BB (Test sample ), After (18 + 1) h, AI82 ] [ AIEB (Test sample ), After (18 + 1) h, A2 ]
ATR ATR
50 99.9 >99.9
20190617 20190617
.
[ AIBB ( Test sample ), After (18 + 1) h, AIZ3 ] [ A% (Test sample ), After (18 + 1) h, AI23 ]
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Table 1-19. Antimicrobial activity against S. aureus and K. pneumoniae of dyed

nylon/PU knit

Dye Bacterial reduction rate (%)
concentration
(%, owf) Staphylococcus aureus Klebsiella pneumoniae
Control

[ THZ=# (Control sample), After (18 + 1) h ]

10 99.9 99.9
[ Mis | e ), Ater (18 1) h ) [ AIEIE { Test sampla), After (18 4+ 10 R |

20 99.9 >99.9

Z(IIH’IE" 20190617

[ AI&® (Test sample), After (18 + 1) h, AIE1 ] [ AI®B (Test sample), After (18 = 1) h, AI&1 ]

80 99.8 >99.9

[ A8 B (Test sample), After (18 + 1) h, AlZ2 |

[ NE® (Test sample ), After (18 + 1) h, AlE2 ]
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Table 1-20. UV protection properties of dyed cotton knit

PCCS | Dye conc. oH UV protection factor UV cut ratio (%)
tone (%, owf) | adjustment UPF Grade (315[12(_)/311“1) (Zg(iliilznm)
- Undyed - 7.6 0 83.6 87.9
It 10% - 31.3 30 95.7 97.1
30% - 51.1 50 97.4 98.1
st 50% - 47.5 30 97.4 98.0
10% pH 3 45.0 30 97.2 98.0
80% - 58.6 50+ 97.8 98.4
d 30% pH 3 69.2 50+ 98.1 98.6
80% pH 3 81.4 50+ 98.5 98.8
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Table 1-21. UV protection properties of dyed nylon/PU knit

UV protection factor UV cut ratio (%)
PCCS Dye conc. pH
tone (%, owf) | adjustment . .
UPF Grade Uv-A uB-B
(315~400nm) | (290~315nm)
- Undyed - 87.2 50+ 96.4 99.1
20% - 4114 50+ 99.7 99.8
80% pH 4 647.2 50+ 99.8 99.8
d 80% - 622.5 50+ 99.8 99.9
20% pH 3 764.1 50+ 99.8 99.9
20% pH 4 579.4 50+ 99.8 99.8
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1.2. o]&A €7

1.2.1. H|ElRIUS Aof Qo] ENyl g8

HlEfIL RO Qo AE YROIA Y FUTIE B B FOf shfoln
Y1 4¥ol BT Vg0 FHoi0, A o Fol: AR 1Y WEE £HOR

Sejurel sho] Motoz PElo] gk A|ote Alolel Helo] 9ln EHI o]
T 37]= 2.8 ~ 4.2mm lon, Fof 1kgo] 7.407 ~ 7.913749] Aujr} mate 4
glon] Z&Al Auj: ) 90mm, A Auj:= 7.6mm, A Auj= x4
6.2mmo| P F7|S 7HA|AL Qloj I A7PPF gete ¥ 4 UtHKaushal &
Sharma, 2012). B]E}RIL}R9] Hufjo} St 159 Sh3 7HA| 1L =

Uoto] sk, Fe S99 2RI FL /ML Yok Al 604 Fot Avje] F
T 7Hgol ARz 3850 gt EUfl= YR AMdojojA dubg oz jSto] SF
Al RS A, A2, opdolE, A 9 2
2010).

TAOAL BERILRY] AUt 19055 ol4to] el 28e Feetn 9
ou], o] F A8 HIEtAl 63, AlYAL 225, A1 42F, FafuiolS 9 Wi 363
o] 9tk BIECHMingyu et al., 1991). BEFRILIRO] BoR 2 A2 atA x4
o] 247t AEFglon, Qujo] ez YL Y4E, o) 71, 719, 7%, A
2 9lAl U 2% Wlol met 1 &Ao] chesichs Zo] WA, PAR
2 2ol duli= vERl (A, C, E, K) R f714H] dejaloz =
2 HuEo|qltHSaggu et al, 2007). fufol= Hasts, @A, {714F 3
ascorbic acid’t 5ot Ajuf X|Hof w2t xpo|rt Qlon, dvbd oz Ao 1008
2 %31 2,500mge] ascorbic acid?} gH8-&lo] 9tk Bernath & Foldesi, 1992). ®
st H]EFRILHRe] Zufjof= globulin, albuminyt 22 ©HRAYE linoleic acids,

2
fuju
2
ujn
N
H1
o
=
5
8

@
o

_7’|_



linolenic acids®} Z2 A4t shg=fo] EHoA e AcHYang & Kallio
2002) BIEFILE Folrt ®Y 7152 YA & b T, EanE, Sat
BiolEe} 7tz EolE 2 Fiehy 2Ao] Fustn NEWL] 54 9
QIAIZ oA & 4 9Tk WiEojQITHTing et al., 2011). HIEFRILERC] dnjo]=
QA Eet oF 14uff Bo] ofe] vlERRl C7} &R of Jlonf HER] Co 2 A=9]
ST A2A YARO] wep 2AE U {19 Sieh A|Foj|A Ateb= vlERRIL
T2 Al 2ol 120 ~ 15mgo] HIEFR C5 o5 UA|TF dm2of|A Afete 22
405 ~ 100mg7tA| grs-stal QthKoskovac et al., 2017).
olo] gtz Yo HERILE o Feo] 21E ol that G [
g DAL, o2 9d vlolaza0] AE Jl&u YRS Rt vk
U2 Ao 492 deste lolaess AT R deartel A,
FYE 12 Ausoz wistn g A% U oRE A5 Aulxte] Ay

2 oastn YT 4 Yt 2EL Arstolof k.

1.2.2. ofo]227% 712 712

ofol 22 ast 74 oo ASHE 54 L WPIE 2t HA8Ag A
Zot= o2 A A QQuHHassan & Sunderland 2015; Aracil et al., 2015).
o] YL WY S SNt oyl FTA 2R Yo 27 WL Lym
Al 1000pm 91 o] A2AEL FAsH e HAUCE o] tlolTRAES 3}
sHoz AFo A A2E o] Mz S4% FIPHIE 7 AlEe ol
k. AA|Z, Z1719] ole]32AaS pH, 714K QAh R& EX sHbi 2o 54
204 12 2 2 A FE 429 M AgARA AEt metA opo]2

O

H o 2oz RPEY HosiEtiHwang, 2007). olggh 742 ol A=
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tist7] ook 22y oA A 71sd 22S nfelZAzAeststo] dao
ji

59] Wrlo] o] Zojx| L QITHIm, 2000). & ol A E&= A& AF|7F IjA-E]
AENT} aPgEo] 8% WEIT Alwoln Qln), thEAQl At BAD]E eAE
A(Cosmetic textile)o]tHSarmandakh & Yi 2020). ASA R E= JM7L IA
NN REF 2 Qe HFE 71544 225 X9t uto] 227 oy FAIA9] Alx
o] 9, A5Wst AE TRRlo] s s]&olct. ulo]
A 22 NP YE VW 2

I UEES Rl BEste AVl H &5, Ha 55 2785k Aolot. oet 7ls

)
iC)
s
i)
rr
L
oo

= o
A, Fe, HgE Al 59 vla, BAAL ARl 59 2okl 2] o] &&= ot
(Im, 2000). st SAE A9 AR 8o:= 0N &5
(micro-encapsulation)g2] T}t 7=

ojty, oAl d& AtUoM M2E S8 2
el mypo] By UE At HAES UGS S Qe FAcHSon et al,

2014). 32]11 3= A QEofoA= oA dat

¥
Wete A, dpAlet 2o WA M £ 7154 A4S ZEsH oo] 327148} 7]
zo] MG L lck £3t AAUY J15HL 3 olo| AR Y 2] S&
of BAlo] wet AE ST 1S WHol APERoR K gEloof dict, 712H &
ol A Bol spgEe 22e), sel, Re, Aejet, ket 5o AT 8714
o] Bgxoz AR Aoln], AR o}STtg e BHOR st o2 Aol
CHMin, 2004). 2141710] ZolSol #74at 7ol ojgh Talo] DEHHA LY
(Well-being)o] @Fo] A MZE ZEtL 9lon] 39 BE YLgEo] 9lolA

o]
AHARISHY Al Ades=rt Alazo] Zstal ltk(Hwang, 2009).
A
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YCHKim & Song 2000). ololAl, A4 AF0lA A% Yu vlE e o B
xpole] AR Fol ARECh YAl A Aol melEeoisl HYE D
xZto] Aol ufe} gArstol @4 gat sof 24 Afole] Aol o nA| AL
BT Bel-2IAK ] o oo 32| Amefo] UE ol Wy

A 2 Adxe 2E9A R 28 229 &Y Ee dFAS ied U= VM=

o]
r

o FEjol Ao ofol32AES AMSHET 019 UlAIEH EL(10-50um)
E& Mol 2-3mmel YAIE UCHMartins, 2012). 2840] e W 2 (HE

& JHIIAE, /7 ©EA, 7tEsA]l g AE2A 3 ofgtE|opd)S ARESH

-

I

AHEEE =9 2 S7HIZ Bart U] "iZol 370] viaRr S ¢ ¢
2 A|Zto] W7t QltkLee et al., 2013). FotA|=Ho]M Z3hHo] wioA Z
ot zHo] e £7] w2 EFU &S F TAR Fste Aol 7|2 2

Alzdoldolet= ©ol9] 7192 ¥& Yulste 2fHo] "acervus'olAl mAECH
(Kim, 2017). ZotN=

=)
e
>~
=2
(o)
2
=
=
N
=}
(:)Y
|t
r|r
it
ox,
o
J§
=
2
1,
o

Asbahani et al., 2015). ZofA2H|o]d S ©% IoN=H|olE, 58 2
otM| 2ol SN 271K B 7leol 9l

olo & AFolM= AEdAolL JAAFeHIS E 7=} otgtujopd oz

2 J13ARlE 7154 AeaRlel wEE AlEstnAt
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Table 2-1. Previous works of microcapsules and microcapsule-treated textiles
(continued on next page)

Author and year

Main content

Baysal, et al. (2013)

I EAVL7IAY stolEr7E Ala, A (FT-IR), B3
A(DSC), SEMEHIHE

Butstraen, C., & Salaiin,
F. (2014)

EAMs EdEe R orefulory 1EAT
A<, 152, 11.000rpm

Udakhe, et al. (2014)

Eucalyptus, lavender, and citronella -5 78&, FRAl
=9 e 7IoAE, 37 GC-MSEA, A8 H-&

=

o2t

Sannapapamma, et al.
(2018)

Vetiver 59| e W TAHE
GC-MS, FT-IR, TGA, SEM FHY
20, 5, 10, 15, 20 344

Ghaheh, et al. (2017)

HAIZof HEFIE(a-tocopherol)S S5 Uk JAES
e Folgos mele, 2uH Ko st WA,

%3 HO]_%}B]

Li, et al. (2013)

Moxa A&, Aetel ofefulolde ¥ ez g A
&, WAZo g 7FEAe, SEM EHTA, UV-vis
spectrum, 7| £ake, ek 314:0] SEM U THE

Pati, et al. (2011)

A dFE dRste 7| EANTPP, pHZL ©H2 STPP
R, XA XRD, DSC, TGA

(o)
)
8
oy
— O
S

Fan, et al. (2015)

5 A 2T 71BN e, HAES] THAE,
AR, SEMEHIE, FT-IR, TGA

Sarusik, et al. (2013)

=242 HYE ARE, diclofenac sodium R&E, FH,
= ZzgjoAH, SEMEHIAE, FT-IR, DSC, XA
XRD <+, ME Slgof SEMEUWE, 37|F%kE,

Wijesirigunawardana, P.
B., & Perera, B. G. K.
(2018)

Lime 7J-3-9] 7|EAN} ofefdlopbd 5§ 74, F4kal,
HAZ9 TrEAe, Ftd, AESEso A,
UV-vis spectrum, FT-IR, SEM REHIA ANE 2140

SEM B JHIA
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Table 2-1. (continued from previous page)

Author and year

Main content

Ghosh, S., & Chipot, N.
(2015)

100% B, 50:509] W/Eejo|AE| A2, ofzoujE|ety
o[AlI’d  Eucalyptus, Lemon, Lavender 75, A|Ete] &F
7] 70}55 m—‘]—'q 70}55 D}E-E- ?_I_{j_]._ iﬂzg_ 7Ell—j\—-a ]4105}6],

E A
Ty’ o

Stan, et al. (2019)

Rose and Sage 78, 100% T, 50:509] DEVEEJ of| AE]
Ag 712X, Al AEZ B4 NE X © SEME
HEA, SR, 52*&

Geethadevi, R., &
Maheshwari, V. (2013)

Palmarosa, Petitgrain, Tea tree, Thyme, Lavender -5
of g%, Thyme ot CiLbRel S x2o| g
A
o

Shin, et al. (2017)

(@)
e
u

d
=
=
r
rﬁ
}o
mlo

ol

ok
:|o

ol

-0l

=)
FE

=1 ol ™l E'-ohjﬂoll: 7H
2, @A R0l 7% 7HEA, GOMSe] AT
97h A A N, Mg Ago zud gt

for 3
M
J

Ebru, et al. (2016)

Aol 4k, 3715 E, AEEEE
7]5”4 by 302 7l PCM2 RSt S
e, 2 71](DSC AZEHTGA)EA, FT-IR, 30]7,

M= Kﬂ S SEME WA

Mwangi, et al. (2016)

Carrier 7J, HA| 7]EAN, HSHA|(STPP) AR 7=,
FT-IR, pH_] oﬂ}d X—] O_] %151

Son, et al. (2014)

@ w2 vE B el /FEAE, Adne
a5 5 2We A gHel, A Sl STMLATE
Fde, BERE, A 1R A2 WEY, A
o 220 gadele

Monllor, et al. (2010)

W Mgt dWepyl za9t2o], fEylE ko] oSt
M, wRl2o] Jlzmrla], AEF 3120 3] 7%, A
B}
=

ook

5120] SEMBWHIAEL 371X] pick-up(93.08, 84.15,
95.71%) 7t5-*12]

Rodrigues, et al. (2008)

Limonene A& 3drost= Z2] Qg et Qgof 78z,
FT-IR, SEMEHA, A0]7, GC-FIDEA
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Table 2-1. (continued from previous page)

Authors and year

Main contents

Lee, A. R, & Yi, E.

(2013)

Citrus unshiu A-8-9] 78<& Wyl 2to] oAl HAJEO] 7}
SA2], SEMEHMAE, Kawabata(KES)®E7}, A7 73}
o 2 WEHE2 AE vhEo] o2t ot A

Azizi, et al. (2014)

Ho] 2R, BoTe WBLR o
so) A0, Belofuls H§ shEAI,
o] AEr

Neroline 3F

O
=2

= A
e e, M
juu}
=

e 2 Ago A A $ SEMEWTA, FT-IR, 7}
Tl A2 YEA

Julaeha, et al. (2021)

Lime 75, alginate and gelatin®] 78&, HAIZ9] 7t4
AMel dd, e 528, A9 ¥F E7hL FT-IR,
TGA, Mg A & SEMEUHIE, 5 2 Lime &JH
e Mao YEAS

Ozyildiz, et al. (2013)

Ozonated red pepper seed J-5 2! Red pepper -2
e A Aoyt of2tdlotd BT e, §
AxS A Wd ud=ol it a4, FT-IR, &
017, SEMEH A

Liu, et al. (2015)

Cologne AS9 Yri=a7849 FT-IR, UV/vis
spectrum, TGA, #0]7, A2l® Ago] Al & WE
A, 952 JhgAe) SEMER P

SRR

Yang, et al. (2014)

shdelat 7]EA %, WARO sbEAlEl, FI-R,
TGA, XA (XRD), W&/, Med=lc F7t

Hu, et al. (2012)

Osmanthus 37| 29 7Z]|EAF Ux UX}L (OF-NPs)=
27403 FotM|2Ho]/d Fia, TEM, TGA, SEMEH}
AF FT-IR, GC-MS&A

Cheng, et al. (2010)

HAE0] 7HeAR], 27FA] BRRIE ARE, pick-up(%) -
70%, FT-IR, A& A & SEMBHIE, 7] UE4,
3715

Monllor, et al. (2009)

WAl 2o 7}2A 2], SEMEW T, DSC, TGA, FT-IR
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Table 2-1. (continued from previous page)

Authors and year

Main contents

Nam, et al. (2013)

poly(vinyl alcohol) (PVA, 87-89%)%] 8% A|x, PDMS
22X, SEMEHIE UV-vis spectrum

Ryu, S. J., & Bae, H.

(2021)

Al o wWxlg JFEAF AR, GC-MSEA, FT-IR,
e Y&, S MEHIZE

Sayed, U., & Sharma,

R. (2019)

Nanoemulsions A&, 72 2]st X120 A

Yang, et al. (2014)

Popp-sedd A&, HAg = of2pujojiy, A2tH, SEM
EHIE FT-IR, DSC, TGA, XA (XRD), 7843} &
(EE), 29 &H(LO)

Sato, et al. (2014)

& AlE, (WO/W), (W),

i)

Uycalyptus Oil &F-8-5h= 7,
HPMCEA, SEMEHIE

Sharkawy, et al. (2017)

2lmullnt wpd, wizjE ofgjulofn R F|EAN &
AxE, UAS 712, SEMEWHIHE FT-IR, Y15 A, 3t
S|
o

Shin et al., (2005)

-

Ficosane$ 395t Walnl meotojsle fis, 22
oA WAE 7}, Add-ongl, SEMIEUHI}EL
KES(kawabata), &54, 57|51t

N

Shin et al., (2005)

EicosaneS 3$H95t= Waiul T EQE
oA HAlE 7h3, FT-IR, SEMEHIE, TGA, A%
AP

Yang, et al. (2014)

shdelat 7]EAb %, WARol sbEAlEl, FIAR,

Hu, et al. (2012)

TGA, XA(XRD), W&A], Netdzl e Hr}
g

Osmanthus 37| 29 7Z]|EAF Ux UX}L (OF-NPs)=
EAlst FJopM|=H|olid 74, TEM, TGA, SEM ®WH
=F FT-IR, GC-MSE-A

Cheng, et al. (2010)

WAeo ZheAel, 271K vild AR, pick-up(%) -
70%, FT-IR, A& A & SEM BHUAL 37| "9&A,
7| e

Monllor, et al. (2009)

Al 20] 712& 2], SEM EH#EN DSC, TGA, FT-IR
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Table 2-2. Previous works of volatile properties of oil and other natural stuff using
electronic nose (continued on next page)

Author and year Main content

Q.
=2
Kishimoto, N. (2018) | A, 9= 7}alo] 7|20l wAs 12748 @A) 12

Feteasca regala =%-9] 3}o]E @}9]
230l 2%, ¥a E+ o] Hust

Sk
o

Cojocaru, G. A, &
Antoce, A. O. (2019)

24709] AFF AE, 33719 2Ert A=, 8719 Y
7] B2 NEZE fast GC enoseZ A, 471%] t}2 &}

st 5482 7Ivte= oF AApE 24

Wisniewska, et al.
(2016)

d

O

£

A EE ARl dEd %A 7150 LFHUS
= HERE 4 7] W20 AAIE &4, Alpha MOS9]
AroChemBase 2}olHg|g]E Al&slo] nm3ats 7d=
areto] 712 WAlel BT sigtRo] R seie
7o 3H0l, 22jH Qo] UFA|X] LS AR

Kishimoto, N, &
Kashiwagi, A. (2019)

1
= s = = 15

Citrus 9 aurantifolia, Citrus japonica %! Citrus 9
floridana 37}A] Zt=2&9] dEATO|AE X1& THA
SzoETY R Y BAVIS ALGR shA a0}
Eoeha) s|uh A 22 AR§Ste] BA, BHL PCA,
DFA, SIMCA, SQC ARgsh

Lubinska-Szczygel, et al.
(2018)

Shin, J. A., & Lee, K. | 7I&% &547]5 &Ysto] AAEE ol&sto &

T. (2003) A, SPME/GC-MS &A
o) MAL YT AL, $EO AARE ol
Yoon, et al Q0200 sjur e Wl v, HALSS o 87 o GR BA

AALZE 0] 8sto] AU]T]G(Cymbidium)Zo] &7
Hwang, et al. (2016) | 2% @ Hmujel 24, ¢Ho] aF7] 24, A
PCA, DFAS ALt

splme) BEel 7] B4, GCMSEA, BAR o8

Baek, et al. (2020) st PCAQ} Radar plot 541
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Table 2-2. (continued from previous page)

Authors and year

Main contents

Jo, et al. (2016)

st &=, 42, U]=4b Al AfpAlxo] #HeA &
Al Bl A, SPME/GC-MSE o] &3t 9/ 24,
RMALE, 9 A PCA, Different A

Hong, et al. (2021)

glg 71 24, GO/MSD, AAEE olgeh 24, oF
=4, PCA

Melucci, et al. (2016)

““100% Italian” and ‘‘non-100% Italian” A}-8-2] XX
of ¥4

Youn, et al. (2011)

oAIRE] Y PR HAFTE 0§, Mass
spectrum 241, DFA B4 A3t

Chung, et al. (2008)

14719 &5 ABEQ #A 54 &4, AR &
HBARRAO] Atd AtolM e /Y Bdllaol S
ol &ujgiel oiuty} A3 FFOl= sens
o] AmuAlE Hu, U FsRlee 7R

o] sensor 12 ©le ©0o 3Fn|e} ofo] ArutmHA|
ARERE A

>
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2. A2 2 A7

2.1. Alg

=]

b
J2E 1S 9% A2 MM AT 5 W@ HYE L U
U2 dUS AAsYon, <Table 2-3>0] E4-2 A|A|5H9iCt.
Table 2-3. Characteristics of specimens
. . Weight | Thickness | Fabric count
Specimens Fabric Weave (/i) (an) (Pt
C Cotton Single jersey | 165.60 0.53 75100
N Nylon/PU (88/12) Tricot 179.60 0.52 67%98
2.1.2. W]EFRILES Hof A9
ERIUR Qo) Fet B2 FUE Au Aoy Alete wlERILR Lujof
A GAFEESH A 100% YW AlE(Us-Erdene, Mongolia)& +U5to] AR8-51%1
00|, <Fig. 2-1>& A@o] AT BIEFILER of g AlBolct

Fig. 2-1. Photo of Sea Buckthorn oil
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2.1.3. nfo]a 2% X2 P Ao

FJotN|2H||o]A Tlo] 2 278&0] W¥HS o|2= Ch-AG(Chitosan-Arabic gum)
= PAst7] Yoll, Chitosan(CAS RN  9012-76-4;, TOKYO CHEMICAL
INDUSTRY CO.,LTD)Z} Arabic gum(CAS No. 9000-01-5: Junsei Chemical
Co. Ltd)g ARESIIL. oto]Z2278a M= Al pHE £78517] sl L(+)-Tartaric
acid(CAS No. 87-69-4; C4HeOs: Junsei Chemical Co.,Ltd)& At&s5tgiond, 73
S|l Sodium  Tripolyphosphate(CAS No. 7758-29-4. NasOoPa:
Sigma-Aldrich, Inc)e} Bv|o|2A|HE/ A Tween80(CAS No. 9005-65-6;
Tween 80, Polysorbata 80, Sigma-Aldrich, Inc)& AFEsHFTH FESH 7] EAS]
gofjol= Ar8" acetic acid(CAS No. 64-19-7; CH3COOH; DAEJUNG
CHEMICALS & METALS CO.LTD)E, Upo]3 27859 A& W vt Alddo=
n-hexane 85%(CAS No. 110—5-3; CgHiss DAEJUNG CHEMICALS & METALS
CO.,LTD)?} ethanol 94.5%(CAS No 64-17-5; C,HsOH; DAEJUNG CHEMICALS
& METALS CO.LTD)9 149 Al&s AhEstth Alzgh opo]2z2 a3 AE
7Fst7] sl EeeTAY] 418 BiIE(UT-88, polyurethane dispersion,

UniTech Industry Co.,Ltd, Korea)E St0fsto] ARESHRILCE.

oy

2.2. A%

od

2.2.1. W]ERRIGE o) Ago 4 BA

1) AL 7] AHEY (FT-IR) 54
HERRILE. dof J o5 aohs FotN2H|o]d nlo]Z2 27850 AlRE &9l
st 4 Ae2 &RIsh] Yot FE2of Wt AdEF7|(FT-IR Frontier,

PerkinElmer, UK)Z o]£35}o] KBr o2 600~4000cm 2] ¥o]ojA] FT-IR ®igt
AHEHS JL5HRAT

_84_



2) Gas chromatograph-Mass spectrometer 24

I ERQILE o 89 7] 8L GC(7890A, Network GC system, Agilent
Technoliges, Palo Alto, USA)?t ZA=7|=2 mass/mass spectrometer(5975C
Network MSD with Triple-Axis Detector, Agilent Technoliges, Palo Alto,
USA)E AREstdth GC A" 24 17449 DB-5MS(30mX0.25mmX0.25um)
S ALgslgon, 2 L& 40°CoA 58I 8AIE $ 10°C/min2 250°CTHA] &
Y & 58 ZoF 250°C2 A5t Th 1.0mL/min 71e] A& Jfejo] 7tAR

L 558

Abgstdon], o] Y2 70 eV, 21 BAT EARFO ¥ = 30-500m/z

Table 2-4. Analysis conditions of GC-MS

Model Agilent 7890A GC, Agilent 5975C MS
Column DB-5MS 30mx0.25mmx0.25um
Injection Volume 1uL
Flow 1.0mL/min (Helium constant flow)
Inlet Temp 250C
Split Ratio 10:1

Isotermal for 5min at 40°C Then 10C/min from 40C to
250C 5min at 250C
Scan range 30 ~ 500 m/z
Electron Energy 70ev

Temp program
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2.2.2. W]ERILE duf Foo) WEAZYISA Bt

D) my £

SJEFUILER dof 60} MR S Wb A7 19 WlERILRY A55530 o)

¥ =4 welde U WEoR  ANsgn. 3

MTT((3-(4,5-dimethylthiazole-2-y)-2,5-diphenyl-tetrazolium bromide) %W

jo

o] 8s5tF o, 10% FBS7t mgt=l DMEM 8lX]of 1% penicillin-streptomycin

jo

A 7tstal HaCaT(human keratinocyte cell)S 37°C, 5% CO,9] R7Z1O|A f
sttt =l HaCaT MZS 1x10* cell/well?] 96well plateo] EZX5}1 H]
ERlS Qof 92 sede Aelstn 24407 WAt 1 5 WA S A

o2

51 A]&Z2 PBS(Phosphate butter saline)2 AMAst % 7z wello] MTT 8

(5mg/mL)S A7}st1 258 ZoF vreX|Zict 1 & djYoHS A5t AYAE

R

H_ O
formazan Z2%8-S DMSO9|| &35jA]# ELISA readers ©o]&s5t 570nmofA] 3%

HlEfIR o) W89 in-vitro FUIMEY Bhe AT 19 sl o

JuIEd Briel st WUsyes  HASIRG. KS K
0693:2016(Korean Agency for Technology and Standards, KATS)e] AG <
Ge tigoz st ARYWS ol@sto] FA # 24 E(reduction rates in

no. of colonies)g sttt AldHE IHIHAEA] FMEEASAA

_i
4»
ty
1]
i)
ol

0.

©

(Staphylococcus aureus ATCC 6538)yf M| Klebsiella pneumoniae
ATCC 4352) A18sl9ir}. A7 Acke] 7o} Sst ofe] HIERRILIS Au] &)
75 A dHo] =xsiion, tiaHyt AJFHO| ZH2E A2 vidoto] 184

T H A% gEag 59ste] ool FA(ol et WA ARLAES AN
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Eq. (1)

%100

C

M-
M.

He otol32782 Alx H"st

o

o
aT

The number of bacteria recovered from the inoculated

control specimen incubated for 18 hours
The number of bacteria recovered from the inoculated

treated test specimen incubated for 18 hours

Antibacterial rate (%)

M.

where, M,:
2.2.3. v]EQILt

5D
mor

il
<

g5t

o

o

o] %A sHoptimize)
Eq. (2)
Eq. (3)

+ B

" Xk)
1At 8| =

]_

—

[}

f (Xla X,
Bo+ Bixi+ Boxy+ -

n
n

Mz Zod s3HLo

ran
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ay 9
= Bo+x'b+x'Bx)=b+2Bx

where, y = response
Xi or j = input factors that in fluence the response y
B o ; = coefficients

€ = random error

oo} SYwA 427} 302 k=301 B9 thg A(5)7 2ol Uerd 4 9k,

V=0t Bixi + Boxa + Bixs + G 11’)62 + ,322X2 + ,3%23(2 + Bixixz + Bisxixs + BoaxaXs
2 3

Eq. (5)
9o BA(5)2 BBL ol §ste] 1eys| vhio] 2y FAY ) 2t
k k k-1 k
y = Bo + ZB.Xl + Za{x + > yBinin + €
i=1 i=1 i=1j Eq. (6)
yE x& O]FolH
i /21 | X
= LFo+(x1,%2) b +(%1,%2) Fir o 1 =B+ x'b+%x'Bx
5o Bl2 Br| | % Eq. (7)
xos Aol E20 ol= FA|(8)of] sl & & ATk
Xo= - B'bR2 Eq. (8)

) y7F FOi7t El= x9
(2) y7F ®art He x93
) y7F Eldi= ofy 1 R4 ofd xOf QR
A Al 7HA] Bl gisll & 7H9 SR¥LsE VRS

=
ojgele Ttk 123 WeRARAY L WeRMd] 3 HE SAN 2
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FEETS AotHlol AlE R 5789 FASE T 4 Qo ATy AR 9
AL 2709) QIRRRE AAAPEQL 2+ 1, £1) E0IA AEE st YA ARH=
FGuR 0oz uAsith 2719 QIAtE HA-UAY HAVE ZE IAEO tis
A #ES WE7] Yato] Ao nH k9 AAME FojA 2712 AEist= »

2) uto] A= e Ax FAeto HFLEA

SSEY DYPAS T & Yr APAE

ok

W 5 WA-MAYE ol 8sto] wlef

UUR duf /5 FRohe Zotd2d|o]d npo]2278&0] &GS gt A
AAE sHgct to]|327a Axo =1 QQloz AxE foloa vlERIUT Huj
R = vl&wt%), REAIQ vlo| AU/ Al Tween802] &3 H]-&(wt%),
WS E(rpm), WBFAE AZHmin)& £ ¥42 st Z7F X, X;, X3, Xq9
=RPHAXy)E st -1, 0, +19] 3TEA2 R oslsto] WAERE =YL A
$RS A5t (<Table 2-5>). FopN|2H]o]d Ulo]3z78a0] &4 S4do=
N 2&(%). =P+ DI4.3], Y=+ E(Span)s TL5HULE otATH 4714
A0 9SS AESH7] 95t BBD(Balanced Block Design)2 A= 277}
xo] A¥ 2712 4$3UsIY 00, <Table 2-6>} Zro] nlo]A&278& A x| 2771
Aol JEEISH
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Table 2-5. Factors and limits for the Box-Behnken experimental design

. Low limits | Center points | High limits
Factors Unit (-1 (0)p g(+ 1)
Xi: Sea Buckthorn oil wt% 4.48 4.69 4.90
X,: Tween 80 wt% 4.35 4.50 4.65
Xs: Stirring speed rpm 9,000 10,000 11,000
X4: Stirring duration min 1 3 5
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Table 2-6. Experimental design matrix and coded values on experimental runs and
microcapsulation process values by Box-Behnken design

Coded variables Process variables
Run no

X X5 X3 X4 X Xs X3 X4
1 +1 +1 -1 -1 4.90 4.65 9,000 1
2 0 +1 0 0 4.69 4.65 10,000 3
3 -1 -1 -1 +1 4.48 4.35 9,000 5
4 +1 0 0 0 4.90 4.50 10,000 3
5 -1 -1 -1 -1 4.48 4.35 9,000 1
6 -1 +1 -1 -1 4.48 4.65 9,000 1
7 0 0 0 0 4.69 4.50 10,000 3
8 0 0 +1 0 4.69 4.50 11,000 3
9 -1 0 0 0 4.48 4.50 10,000 3
10 -1 +1 +1 -1 4.48 4.65 11,000 1
11 0 -1 0 0 4.69 4.35 10,000 3
12 -1 -1 +1 +1 4.48 4.35 11,000 5
13 0 0 0 0 4.69 4.50 10,000 3
14 +1 -1 -1 +1 4.90 4.35 9,000 5
15 0 0 0 0 4.69 4.50 10,000 3
16 -1 +1 -1 +1 4.48 4.65 9,000 5
17 +1 -1 +1 -1 4.90 4.35 11,000 1
18 -1 +1 +1 +1 4.48 4.65 11,000 5
19 +1 +1 +1 +1 4.90 4.65 11,000 5
20 +1 -1 -1 -1 4.90 4.35 9,000 1
21 +1 +1 +1 -1 4.90 4.65 11,000 1
22 0 0 0 +1 4.69 4.50 10,000 5
23 -1 -1 +1 -1 4.48 4.35 11,000 1
24 0 0 -1 0 4.69 4.50 9,000 3
25 +1 -1 +1 +1 4.90 4.35 11,000 5
26 +1 +1 -1 +1 4.90 4.65 9,000 5
27 0 0 0 -1 4.69 4.50 10,000 1

Xi: Sea-Buckthorn oil (wt%), Xo: Tween 80 (wt%), Xs: Stirring speed (rpm), X4: Stirring duration (min) and coded
level.
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3) A=A

e xtgo] 24 9 A& sH= Minitab 16(Minitab Inc., Statistical Software)
ARSI T AFA A AR Aojxl 277HK] £710] whe} ufo] A 27Rs Alx

g2 AR 2o Atrs A dYste AL 292 2745t Canonical 23

_4

o] £X]  A|A3Hnumerical  optimization)?} 23X  Z|XSHgraphical
optimization)2 3] &Ml ojgt wERILFR Ao} Qo] £ u]g, o] e
HEGAl Tween809 ¢ Hl&, W¥lEE, WUA]E AZTS A
M dE(point prediction)e $3l AMFoz MFsiuch 2A A<sie
Canonical 28< 7|50 sl wele] Ao Zizte] Wkg(TolH2Hold olo]
A28s &, YAPEH DI4,3], ¥=w20] Het Brre] FHugds w8 HeY

=
K}
(goal area)z A7dstAct. £X| 2|AsHS Foll AAIE &AM (solution) FollA A

~

Y(desirability) & ot 7MY 2 AYES HEHU = HAES AEsdH. A
oA 2 SR S50 Rls IS gotEr] Yot 4 SYRe
of ghol Ad FYoA a2 Ee St o, w3Y ¥ dBslre

Perturbation Plota} Response Surface 3D Graphg& ©o]&stgth A A 594

A5 ANOVAS] 9JsA A3 %, p<0.05 2E0lA AR5k,

2.2.4. tho| 22740 Ax Wu 54

1) FotN|2H|o]d uto]T =gl Ax

SlERIUE o) H9E st 7IEA-ofehuloly ofol327ae theol 4
O 392 olgstol Lopzdolyl Wz Axsteich

A WA, olo]327E HEAR ulo]Euel J|EANL ofetulolA e AMgS
900, §NSTTE. 0.IN OolHIEATC] 7] EALS §oAI7ITL 15417 S ALolA
Ab7) mwutstel 1%(w/v) 71EAT 84S AEsteC 2%(w/v) ofzfulob gote
Z540] ofehulopde 8aIAI7IA 50°CoIA 2417 FoF Lutsto] HEstecy.
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F HA DA HloleEey BA(ZIEA & 50mlet ofztujoby 8ot
50ml} @7 2§E ok, @AW ofste] 4.35g, 4.50g, 4.6582] JEHA(
Tween 80)5 27+ F71stAc.

Al iR SAlOA = Blol e ZRY ZIEAR ofef|obd, [{EHAIE Egstol Al
g gollof], AFA Y o5} 4.48g, 4.69g, 4.90g2] HIEFTILE o

AAAEHO wWEA|7H1/3/5min)2t Wk %©(9,000/10,000/11,000rpm)2 w4l
stol O/W oEAdS FAAHH. Azt O/W oEAHS §h&7|(laboratory
reactor)?t OAEwEH7|(BESTIR DIGITAL SYSTEM, PL-SS41D, Techno
Lab-system, POONG LIM. CO., Korea)S ©]£35}o 400rpm= 50°Co|A 30+
=oF wykst & WZM7|(Circulation Bath Refrgerated, MaXircu CL-12,

(e
o

DAIHAN Scientific Co..Ltd. Korea)2 50°CollA] 10°C7}A] A|A5] yzEA|Zict,

opxR|et ©AE Z850] HIAI 0.5%(w/v) Eg]Z2] A EE(Sodium
Tripolyphosphate)S 7A7}st pH 10.239] £9Ho] 0.2M ZAAKL(+)-Tartaric
acidjg &7t A7tsto] pH 5.272 x£7stal, o] uto]A27{a &Ho| 4ml 7t
5} 400rpmolld] 3217t EQF wylsto] nfo] 224 AStAIACH
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1%(w/v) Chitosan
(0.1N acetic acid)

2%(w/V)
Arabic gum

«— emulsifier

«—| Sea Buckthorn oil

¥

O/W emulsion

0.5%(w/v) Sodium Tripolyphosphate
0.2M L(+)-Tartaric acid

Crosslinked mocrocapsules

Fig. 2-2. A schematic representation of the microcapsulation process
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2

2) |04

ol
r.l

SlERILE dof H9S 2Hestt Fotd2uold oto] 32740 FEjS nAs
7] 9ol dA|E o] (Biological Microscope, JSD-131D/]JSD-410)2 AFE-
10008082 =745t}

3) FE-SEMZ o] &3 AW

oM 2ol tto]azAa0] S2feE ARAR] JHA AYEFARIRL
0]74(TESCAN, MIRA3, Czech)Z o] &5} ofo]327850] 9 o]ujx|& & s}
At Al&E stubo] GAIZIL ATE FE (PY) AFFAZIZ oF 5~10mm F7

toict.

et

el

ol

2 FEgsto] Mx|2]E A]20] BHS x10008]&2 T
4) fo] A2 &0 28

HERRIUE G /5 IRohe FZotdEdo]d tiolZ2 el ags Yot
H7] sl uto]l2278a 20g7} n-hexane 200ml 21 &3t5ho]

EJ(HB-201SLI, HANBAEK SCIENTIFIC CO., Korea)ollA] 22°C, 100rpmo.& 15
£ SOt wulstel ofo| 22749 $2BS AWUCH olF YHEY|(BECKMAN
COULTER, Allegra X-15R, beckman.kr)S o]&3sto] 22°CofA] 3500rpmOo 2
15870 fAlEelstcy. Jeln AEle AL 58 Ag
Qloto] 71%712 ol gstol 50°CAIA 24A17F 7% s}o]

_l?__
2Ho]d fo]22E »2&2 5o FA9R ot

tlo
o

<
>
)
)

MY (%) = Wi / W, x 100 Eq. (9)

where, MY : the percentage yield
Wi @ the value in grams of final dry mass
W; : the value in grams of the initial mass (chitosan mass
+ arabic gum mass + oil mass).
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o Al
_'_.}\

5 4=+ D[4,3] ¥ Y
HIEFQILUE Ao J {5 FRshe ool 227850 Jdreg+ D[4.3] ¥
£ Yotd7] st U= EAM7|(Malvern Mastersizer 2000, Malvern
Instrument Ltd., Worcestershire, UK)S Al85tod gojx J|HAHOZ ArEAM
st oF Imlo] ool 7 278<4S 1000rpme] B &% (Hydro 2000MU)=2 EAF
xaEle] pxo] AY @epsto] 15-20%9) BEHEO] ETsYCh o m Hop
2ujo]/d tfo]a278a9] 2482 1.38-1.399] HAAT. Ad=FG+2 D[4.3]5 7]
FOo & O3t Zo] DeBrouckereZ 0|85t B+t A7dZ S5O
N a
Eq. (10)

i=1

D[43] = —
Zi=1 nd;

d; : the droplet diameter

N ; the total number of droplets
n; : the number of droplets having a diameter d..

D[v, 0.9] - D[v, 0.1]
Eq. (11)

Span =
D[v, 0.5]

where, D[v,0.9] : 90th percentiles
D[v,0.1] : 10th percentiles
D[v,0.5] : the median.
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6) 72 3=

HJEFUILIR oj A9S reshs Hopd2uold ulo|2zao WEAS
Wotst7] Aol HERIGE dof H9o EFee ST AHelAl-7pA Al
FF=A(UV-Vis Spectrophotometer, Lambda365, PerkinElmar, USA)E ©]
sto] HIERRIUE Aol 55 n-hexane 85%0] =2 &dfsto] &H|stiL o] F
RALZE e Zo] 10mm, &% 3.5mLe] mfj3z2 Alo] do] 200~800nme] mH7it

8
Holold FYES 5o BE AYNE et

Mr o

ofo

Fotq=Ho]d Tio]Z2Aeo] WEAES FotHr] s WA L7
(BECKMAN COULTER, Allegra X-15R, beckman.kr)S ©o]&3s}o] 22°Coj|A
3.500rpme 2 1567 3¢t SR/42 o3 z2aS 29] AAlstd =W FRE Al
7 & AzxsdY. I o2 daEeta3o] 0.1g9 A" nolE2les 2u
100ml9] n-hexaned 7Z7tsto] 37°C2 {AIE  4017] 91780l € (HB-201SLI,
HANBAEK SCIENTIFIC CO., Korea)o] €1 150rpmO 2 w{tstict. 72]1 0,
2, 4, 6, 8, 24, 48, 72 AZtuity 8OO 8mlg AjF|sto], & B8/ AL
A A351H7] 9l5Ho AAI 2 2] 7](BECKMAN COULTER, Allegra  X-15R,
beckman.kr)o|A 22°C, 3.500rpm<e] x71o =z 158 =90} dAlHa]7] 5}3ct.
deelstel Qe gojo]  E@et  ARMUMITAH  BAEAUV/Vis
Spectrophotometer, Lambda365, PerkinElmar, USA)S o] &35t 200~800nm
o mpguiglol A S st

rie

8) B8 54

m

2 wsto] ot ZopHasoll ufo]22Ee] 9ol TpHHH A2A(Y]
IUE ol Fe)o] WO Lot olol 3274 AAC) A EMo] Ak Uelg

0] 835to], Ojo]a 2750 I8 EAS mIUtsteth. TGA (Thermo Gravimetric
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Analysis, TA INSTRUMENTS, USA)S AbEsto A4 Q7] stofA 20°C/min
o] &2 HE= 25~900°C ¥R S2A|A o] 228w Ay HS 545
o},

2.2.5. nfo] A2 o] &3 XL T

) 713

stol227i40] Ag 7HEe vlo|22sT HIGE o2olnl JtBole ]
sto] AX|%H(Bath Immersion Method, BIM)1} A3 & L& (Screen Printing
Method, SPM)9] 27}x] 7} uhe o algich. nfo] 2274 - Hioly &ol
22 dudd Ads VIeeR W wWPE Fdeols 20-7%. 30-7%.

40-10%, 50-10%, 60-10%(owf)e] & 57tx] =%, UUd2/PU 2% HAE

Qo= 20-10%. 30-10%. 40-15%, 50-15%, 60-15%2] & 57}A] £FO2 AlA]
sttt AAIR(BIM)S] A
1024 AR & dEddg H9 B2s AREstd Ad29 7Isds Ao,

o ols W WA o] 300%, LE/PU B

o

13e Su] 12002 FulE 40| 713U RS

©)

1>
=
>

| o "HA(wet pickup)> &

20| 200%7F B =2 st

mass(wet fabric) - mass(dried fabric)
Wet pickup % (w/w) = x 100
mass(dried fabric) Eq. (12)

where, mass(dried fabric) : the sample mass before the impregnation
mass(wet fabric) : the sample mass after the foulard step

5 A3A2 7AX7|(DRY OVEN WINNER, KOREA SCIENCE CO.LTD)Z
o|&sto] AlE2 80°CoA] 10827 Axsty 130°CoA] 587F Fojaddt Sof 24
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It A3 THEH(SPM)of| ost A& 7
S 7tsdE Al AIATY o Yo e AE Alas Yo =mstl A=
2 gy A4S A mAlst 28I Fo FAIHBIM)oA}F Fdet =
o8 Az Fojge BAISA
2) 2%
FotMlzHlold tio]lAzfar Zhayet W HMAdEY UAE/PU 2 HAEEY
Botks #olshy] sl 20emx30cm 27]9]  AxE  AE2S  Fedtsu
C, 8% 60% R.HQ £Ho

(WTH-E155, Daihan Sci., Koera)oj|

2 20713 SO WAIF 39| AL 5

28 7h7t Axsto] T1e ZA(13)] whet Botere A
Add-on (%) = (Wi-Wo) / Wo x 100 (%) Eq. (13)

where, W, : the fabric weight of the sample before treatment
W, : the weight of the sample after treatment.

IRV

3) FE-SEM& o] &3t mHUA

351 R
o v

B (Pt) AZZA7|2 oF 5~10mm FA=2 I3}
X1000v]& 2 Qs WHSIA
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2.2.6. opo|3 2= 7ty AE9 S2A 42 ™A

1) AAEE o] & BH TEHS

FotMlzHo]d ohola 2 e FRo WEGN dVERES wAsH] Hsto A
AtZ(Electronic  Nose, HERACLES-II-E-NOSE, alpha-mos, Toulouse,
France)g ol &stgich. BIEFILE Aol H62 83 otd=uold uo]az
&2 7hEE W BASY UUAE/PU 29 BYSS 247 3emxISemd] ]2

Zulsll o]2 opg A8 A&7]9] CROCK METER(HS-119, HEUNG SHIN
TESTER, Korea)o] AAtsto] 105] 942 npgalzlozs ulo]227i40] Hex

oo} oo e HEA Ao WL Swste] 1 AT AAlT AW 20mL
Headspace vialo] Al85 Y XSt o] A ApIof AFAMstal <Table

i
2-7>9] BXx7102 Alg G 53] ¥hE EX51Qc}. XA (e-nose)= R4 3
2o0tE 7142 Jwtes sy, 34o] rhe
MXT-5 / oFgt =/d: MXT-1701)0] BH = AFAte]
of = 7§9] FID(Flame ionization detector)& &

a3 dg 4 9t 2 AFoA HlolE] #Ae Kovats indexyg ©]-83}o]

719 &4 column(d]=7:
H

o AR ZYOZ A

5t

rok 2 _lﬂ

= 719} raw dataQl F 2o}

[

Sg20tE 7319l peak RTE HEASH RI(Retention index)?} FHE|OJ=

AroChembaseS AH&5to] 81 peak2RE §5 7H53h AL 5L ul@sHACt

Table 2-7. Electronic Nose condition for analyzing aromatic compounds

Model HERACLES-II-E-NOSE (alpha-mos, Toulouse, France)
Head space generation 90°C, 10min, 350rpm
Injection volume 2500uL

50°C, 5 s — 100°C, 20 s (3°C/s) — 200°C 20 s

Column oven (3°Cls) — 250°C, 20 s (3°C/s)

Acquisition duration 132 s

Trap temperature 40°C
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2) ZAx

ofo]T27a2 7hEst 289 FArE Cantileverd(KS K 0539)0] oJaf 4
= AN@71(HEUNG SHIN TESTER, Korea)S ©]&3to] 7t A|22 53] &4, B¢
W AbEste] os SA(14)0] Tet Eefojx A Cof S84 =25 Ak E

= AR
C(cm) = D/2, E(cm-g) = C*xW Eq. (14)
where, C: Drape Stiffness
D: Length of sample along the inclined surface (cm)
E: Flex Stiffness
W: Weight of sample(g/cm?)
3) &84

Fot2dold tlolaz ez 7t A2 £54e ZUYH(KS K 0594)2
o]gsto] EH8(%)2 WIlstgth. £53o] ATo2RE lem of2iztA] 40°Co
S A 10x10cm? 3719] Algaz P Fo| fEo0] Al o]l oz

2 19 Weg dds] o] AIFRIR st TA(Wo)S SA s

5319 58 A FAIW)F 40+2°C, 5= 50£5%° F2F5719

22 F53= &Hlst d2ds7lo A "AlsHo

2 Aeo fAF 545t 1 Ato] S BE T AlgY F5&(%)2 U
Water-vapor Permeability (%) = A/B x 100 (%) Eq. (15)

where, A: Evaporation amount when the sample is covered (g)
B: Evaporation amount when the sample is not covered (g)
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1) 2rETE

71% 3t KS K ISO 9237%0] 2|8 Fx 3300(TEXTEST. Swiss) A&7]S
ARgstel EAsHl. Ales 30cmx30cm’®] 37]2 3714 Fuletal, F714E

100pag 7| EHHA 20cm’o] 71gt & A4 A)RHmin) Qtoll Fatst F7]9) <

(em’}& 7gsto] ofel FA(16)02 F7|EWTE AMSIALL.

Air permeability (cm*/min/cm?) = Q/A x 167 Eq. (16)

where, Q: arithmetic average of air flow(cm®/min)
A: area of specimen(cm?)
167: conversion constant

2.2.7. o] 2278 713 A20| WRAIISA

1) o2

ool 227 8e 7hy AlE9 FuEE2 FZotMEdold o2z ls
B vERIUR dof Aol Qs Eeldoa rpgstlenz, Ay ARl fA8
oz Alg Algs H|8{A opEo] o5 oM =wo]d tjo]Ezia
of BlEtILtR Aol ARt UEEHEE RESIRT JUBEY BT wHS> 20l
AooMet =AsHA KS K 0693:2016(Korean Agency for Technology and
Standards, KATS)S o|&sto] AIFA #+ ZFAS(reduction rates in no. of
colonies)2 st AldeES IHS9A8wY SMEESAT
(Staphylococcus aureus ATCC 6538)yf M|t Klebsiella pneumoniae
ATCC 4352) Argstth 29 dT9 At Lt &Y vlegiv 2o A
w5 A 9o =xstgion, giadut A[dHo| 27t AleddtS uidste] 184

T
T H 220 HFLE Fsto] o2l BN ue JFH HFALEES A
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. . My-M.
Antibacterial rate (%) = ——— %100
M. Eq. (17)

where, M,: The number of bacteria recovered from the inoculated
control specimen incubated for 18 hours
M.: The number of bacteria recovered from the inoculated
treated test specimen incubated for 18 hours
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ofol 22750 TS Slely] sl A2 LY o) Feo FT-R

2estoich. O Aubs <Fig. 2-3>9 Zo| R AHEO|A A= o}

(_!

ch. 7t2EA7|o] -C=0t Y& &2 1743.58cm oA UEhted, H]sho
-C-Hol &3 ZxlZo] 9t w37} 1459.39cm™ ¥ 1377.29cm ‘G oA LrERSG
th. olEl2 $FE) C-0 A% AlF MI 1300~1000cm ol A LHERGTE A
Xog C-0 A& &4 m3rp 1236.18cm™, 1160.50cm™, 1117.30cm™ %
1097.80cm oAl W& 472 LRt

2) Gas chromatography-Mass spectrometer 5

HIENILLD. o) A 9o] 87]48e GC-MSe GC-FIDE Algsto] st a2
OtE 7382 <Fig. 2-4>3t oy £Q 37| HEE retention time 12.968min,
23.767min, 23.891min, 24.091min, 25.675minofA] 27zt AZFEROT, o]5 5
N &719] FAIFRQI HE Aabe <Table 2-8>0f AAsHCE £8 o2 EA]
E= Y At AYE g2 49 oA =len, AAAC=Z Butanoic
acid, 2-methyl-, 3-methylbutyl ester(91.6%)2} Palmitic acid & Z3IIX|qFAL
9] n-Hexadecanoic acid (92.2%), Palmitoleic acid 1§ =X3tA|®AH] Ethyl

9-hexadecenoate (96.4%), Hexadecanoic acid, ethyl ester (97.8%), Linoleic
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acid ethyl ester (97.3%)2 UEITH o] 57FA] 3tehE9] AtiAQl v]&(5 o3
WAo WL g EANL HEALT Fof FS WBA LAHE LE LA
T2 90% oS AHAIHen A8 (Socact et al, 2013)9F FARRE 2t

o 4 QIoIth EFH <Fig. 2-5>~<Fig. 2-9> UEHILIRE o HGolA LRt

_ts)_[n‘

Z
[«)]
(0]
wn
(9]
o]
D
Q
Q
a
]
X
iS)
Hu

F0 Y14 W2 UA A% M hsd BE2UEY

A, HEILS Qo) R0 Fa WYRST AXAS FAT 4 At

O
n
L 'SOOEs_J

Transmittance (%)
~1

TEESRE

A
[

SkTTet
85 ERL]

1 I I I I I | I
3500 3000 2500 2000 1500 1000 500 400

Wavenumber (cm™)

Fig. 2-3. FT-IR spectrum of Sea Buckthorn oil

Table 2-8. Volatile compounds of Sea Buckthorn oil by GC-MS

Run RT Volatile RMF Area CAS
no (min) compounds (%) (%) number
1 12.968 Butanoic acid, 2-methyl-, 91.6 | 1.690 | 27625-35-0

3-methylbutyl ester
2 23.767 n-Hexadecanoic acid 92.2 6.274 57-10-3
3 23.891 Ethyl 9-hexadecenoate 96.4 33.144 54546-22-4
4 24.091 Hexadecanoic acid, 97.8 | 41202 | 628977
ethyl ester
5 25.675 Linoleic acid ethyl ester 97.3 17.690 544-35-4
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Fig. 2-4. Representative GC-MS chromatogram for volatile compounds

Buckthorn oil
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(Text File) Scan 1644 (12.968 min): sample.D\data.ms (mainiib) Butanoic acid, 2-methyl-, 3-methylbutyl ester
100 o 1009 %
70
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e
85 \‘ﬁ s ¥ 2
501 43 50- N~
57 o ~ -
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‘ ‘ 60 ‘ 15 129 ‘ ‘ 4 s
N | T W N T - O A bl el WM
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(mainiib) Butanoic acid, 3-methyl-, 3-methylbutyl ester (replib) n-Amyl isovalerate
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(replib) Pentanoic acid, pentyl ester (replib) Pentanoic acid, 3-methylbutyl ester

Fig. 2-5. Mass spectra of the peak at GC-MS RT-12.968min of Sea Buckthorn oil.
DB-5MS column are shown in parentheses on each mass spectrum: a)
sample, b) Butanoic acid, 2-methyl-, 3-metylbutyl ester, ¢) Butanoic acid,
3-methyl-, 3-metylbutyl ester, d) n-Amyl isovalerate, e¢) Pentanoic acid,
pentyl ester, f) Pentanoic acid, 3-metylbutyl ester
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(Text File) Scan 3643 (23.766 min): sample.D\data.ms (replib) n-Hexadecanoic acid
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Fig. 2-6. Mass spectra of the peak at GC-MS RT-23.766min of Sea Buckthorn oil.
DB-5MS column are shown in parentheses on each mass spectrum: a)
sample, b) n-Hexadecanoic acid, c) Octadecanoic acid, d) Tetradecanoic
acid, e) Ficosanoic acid, f) Pentadecanoic acid
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Fig. 2-7. Mass spectra of the peak at GC-MS RT-23.891min of Sea Buckthorn oil.
DB-5MS column are shown in parentheses on each mass spectrum: a)
sample, b) Ethyl 9-hexadecenoate, c) E-11-Hexadecenoic acid, ethyl ester,
d) Palmitoleic acid, e) cis-9-Hexadecenoic acid, f) (E)-9-Octadecenoic acid
ethyl ester
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Fig. 2-8. Mass spectra of the peak at GC-MS RT-24.090min of Sea Buckthorn oil.
DB-5MS column are shown in parentheses on each mass spectrum: a)
sample, b) Hexadecanoic acid, ethyl ester, c) Pentadecanoic acid, ethyl
ester, d) Eicosanoic acid, ethyl ester, ¢) Heptadecanoic acid, ethyl ester, f)
Octadecanoic acid, ethyl ester
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Fig. 2-9. Mass spectra of the peak at GC-MS RT-25.679min of Sea Buckthorn oil.
DB-5MS column are shown in parentheses on each mass spectrum: a)
sample, b) Linoleic acid ethyl ester, c) 9, 12-Octadecadienoic acid (Z,72)-,
d) 9, 12-Octadecadienoic  acid, methyl ester, (E,E), e) 9,
12-Octadecadienoic acid, ethyl ester, f) Ethyl -.Cis.,
11.trans.-octadecadienoate
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Fig. 2-10. Effect of Sea Buckthorn oil on cell viability of DMSO cell
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Table 2-10. Microscopic shape and particles size measurements of
containing Sea Buckthorn oil

microcapsules

Run
no

Measurements

PSD[4,3]

Microscopic photos (x1000)

Particle diameter distribution

(pm)

Volume Density (%)
[N

0
0.01 0.1 1.0 10.0 100.0 1,000.0  10,000.0

Size Classes (um)

3.68

Volume Density (%)
o w & o

0.01 0.1 1.0 10.0 100.0 1,000.0  10,000.0
Size Classes (um)

2.45

Volume Density (%)
o

0
0.01 0.1 Lo 10.0 100.0 1,000.0  10,000.0
Size Classes (pum)

2.38

Volume Density (%)
voa o

0
0.01 0.1 10 10.0 100.0 1.000.0 10,000.0
Size Classes (um)

2.15

Volume Density (%)
e o & o

0.01 0.1 1.0 10.0 100.0 1,000.0  10.,000.0
Size Classes (um)

3.42
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Run
no

Measurements

Microscopic photos (x1000)

Particle diameter distribution

PSD[4,3]
(um)

S

s

Volume Density (%)
o N & o

3.30

0.01 01 10 10.0 1000 10000 10.000.0
Size Classes (um)
12
~ 10
g
z 8
g
7 4 1.60
E o4
2,
0
0.01 01 1.0 10.0 1000 1,0000 10,0000
Size Classes (jum)
12
~ 10
g
> 8
g
8 e 3.68
E 4
Ic)
7 2
0
0.01 01 10 100 1000 10000 10,0000
Size Classes (1m)
12
~ 1o
g
2 8
g
9 g 1.63
E 4
]
= 2
0.01 01 10 100 1000 10000 10,000.0
Size Classes (pm)
12
=10
S
z 8
£ s
10 8 2.37
£ 4
g
Z
0
001 0.1 10 10.0 1000 10000 100000
Size Classes (1um)
12
= 10
£
z 8
g 6
11 2 2.19
£ 4
g
[
0
0.01 01 10 10.0 1000 1.000.0  10.000.0

Size Classes (jum)
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Run
no

Measurements

Microscopic photos (x1000)

Particle diameter distribution

PSD[4,3]
(Um)

12

Volume Density (%)
-

1.0 10.0

Size Classes (um)

100.0

1,000.0

10,000.0

3.00

13

1.0 100
Size Classes (jum)

Volume Density (%)
e v &2 o ®

100.0

1,000.0

10,000.0

1.89

14

Volume Density (%)
o

—

10 10.0

Size Classes (pum)

100.0

1,000.0

10,000.0

1.91

15

Volume Density (%)
o

—

10 10.0

Size Classes (um)

100.0

1.000.0

10.000.0

2.22

16

—

10 100

Size Classes (um)

100.0

1.000.0

10,000.0

2.19

17

Volume Density (%)
.

B

Volume Density (%)
o ®w S5 B

10 10.0
Size Classes (um)

100.0

1.000.0

10,000.0

3.70

- 17 -



Run
no

Measurements

Microscopic photos (x1000)

Particle diameter distribution

PSD[4,3]
(Um)

18

S

=

Volume Density (%)
T

0.01 0.1 10 100 100.0 1.000.0  10,000.0
Size Classes (um)

2.54

19

Volume Density (%)
o N & o ®

0.01 0.1 1.0 10.0 100.0 1,000.0  10,000.0

Size Classes (um)

2.71

20

Volume Density (%)
o b & o =

0.01 0.1 1.0 100 100.0 1.000.0  10.000.0

Size Classes (um)

323

21

12

10

Volume Density (%)
o w o w

0.01 0.1 10 10.0 100.0 1,000.0  10.000.0

Size Classes (um)

2.76

22

Volume Density (%)
o N & o o

0.01 0.1 10 10.0 100.0 1.000.0  10.000.0

Size Classes (jum)

2.44

23

Volume Density (%)
[,

0
0.01 0.1 1.0 10.0 100.0 1,000.0 10,0000
Size Classes (um)

2.40
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Run
no

Measurements

Microscopic photos (x1000)

Particle diameter distribution

PSD[4,3]
(Um)

24

Volume Density (%)
s N & o

0.01 0.1 1.0 10.0 100.0 1,000.0 10.000.0

Size Classes (jun)

4.01

25

Volume Density (%)
o v & o o

0.01 0.1 1.0 10.0 100.0 1.000.0  10,000.0
Size Classes (um)

1.99

26

Volume Density (%)
e v & o ®

0.01 0.1 10 100 100.0 1,000.0  10.000.0

Size Classes (um)

2.86

27

Volume Density (%)
= kb o m

0.01 0.1 1.0 10.0 100.0 1,000.0 10.000.0
Size Classes (um)

3.00
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Table 2-11. Results of particle diameter distribution profiles

. PSD [4,3] Particle diameter distribution of
Distribution profiles Run no. .
(um) Representative sample
Unimodal distribution 7,9, 13, 14, 25 1.60 ~ 1.99 E s / \
0.01 0.1 Sll:c Classcl:;)“m) 100.0 1.000.0 10,0
no.7
Ir.npefrfec?t @1moda1 1.6 8 11, 18, £,
distribution ~ with  a 219 ~ 368 ||z .
19, 20, 26 z
spread out base 2
Size Classes (um) ‘
no.20
Bllmodal . .dlstrlbutlon 2, 3, 4, 10, 15, 215 ~ 245 Z j
with two distinct peaks | 16, 22 g,
0.01 01 ;;ie C];‘SS::U(P‘“) 100.0 1.000.0 10,000.0
no.15
Imperfect bimodal | 5, 12, 17, 21 ; s
; ’ ’ | 240 ~ 4.01 g .
distribution 23, 24, 27 0 s [\
:’lze Classes (um) " v '
no.24
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= Y="d4 D[4.3]9] Afo]E ANOVAEAMSH Ay, wyrs T 9 ,000rpmit
10,000rpm 1ol 5-oJgt x}o](F=4.792, p<.05)7F UERHA], wBF&Eof e} ofo]

F278e degool Rt Aot S & 4 AT HE Dpo]azAis AE
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%
Alo) EWAIE A 1/2/3% ¥ AEY olol22R49 Jegd D43l
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Fig. 2-11. Particle size diameter of microcapsules depending on stirring speed
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PSD[4,3] (jum)
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Stirring duration (min)

Fig. 2-12. Particle size diameter of microcapsules depending on stirring duration
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3.2.2. FolN|2H|o]A ulo]aZA&0] X|A5 nday

<Table 2-12>3} 7t}

Table 2-12. Experimental design matrix and process values on experimental runs and
response values of microcapsules by Box-Behnken design

Process variables Responses
Run PSD[4.3]
. )
no. X Xs X3 X4 MY (%) ) Span (-)
1 4.90 4.65 9,000 1 34.345 3.68 2.626
2 4.69 4.65 10,000 3 14.254 2.45 1.882
3 4.48 4.35 9,000 5 21.435 2.38 1.703
4 4.90 4.50 10,000 3 26.377 2.15 2.167
5 4.48 4.35 9,000 1 19.445 3.42 3.448
6 4.48 4.65 9,000 1 34.625 3.30 2.938
7 4.69 4.50 10,000 3 28.219 1.60 1.770
8 4.69 4.50 11,000 3 32.627 3.68 1.928
9 4.48 4.50 10,000 3 38.378 1.63 1.766
10 4.48 4.65 11,000 1 31.299 2.37 1.849
11 4.69 4.35 10,000 3 25.830 2.19 2.465
12 4.48 4.35 11,000 5 19.018 3.00 3.753
13 4.69 4.50 10,000 3 28.590 1.89 1.758
14 4.90 4.35 9,000 5 23.720 1.91 1.530
15 4.69 4.50 10,000 3 32.627 2.22 1.742
16 4.48 4.65 9,000 5 18.421 2.19 1.627
17 4.90 4.35 11,000 1 17.983 3.70 4.112
18 4.48 4.65 11,000 5 44.860 2.54 2.676
19 4.90 4.65 11,000 5 37.812 2.71 3.490
20 4.90 4.35 9,000 1 27.173 3.23 2.127
21 4.90 4.65 11,000 1 27.333 2.76 2.693
22 4.69 4.50 10,000 5 17.632 2.44 1.563
23 4.48 4.35 11,000 1 27.291 2.40 2.592
24 4.69 4.50 9,000 3 34.357 4.01 2.936
25 4.90 4.35 11,000 5 20.373 1.99 1.507
26 4.90 4.65 9,000 5 37.055 2.86 3.438
27 4.69 4.50 10,000 1 24.058 3.00 2.749

Xi: Sea Buckthom oil (wt%), X,: Tween 80 (wt%), Xs3: Stirring speed (rpm), X4 Stirring duration (min).
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Fig. 2-13. The residual plots for a) Normal probability plot, b) Versus fits, c)
Histogram, d) Versus order on microencapsulation yield
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ofol T2a0] 280 UM YRR MY, AF. Fosge] et veE
ALNS AU 2YY PAAS F povalue ol F F XiXy(p-0.853)

X1Xa(p=0.465), XyX3(p=0.407), XoX4(p=0.533)5 A|JA|7|1L, BFSEHPEAHOZ

Y1=-3309.89-1055.64X,+2714.17X5-71.33X3-1.57X4+127.49X;'-298.38X,*
+6.74X33-1.48X4*-14.09X,X3+1.03X3X,4

<Table 2-13>a Z2d], fol/do] tiAlz =otA FHGIA Y] Aol Wt

T 4 3 AHFAHol oig 2RAS R P2 056372 FEEIF w4 4

<Table 2-14>2} Zro] ANOVAE £38519ES o, A 2P F-value= 2.07=

=1L p-valuex 0.0942 [HOIX] Rt 2A|S HTh AP Zo(Lack of
Aok &

fit)o] p-values= 0.119(p>0.05)=2A4 A

Table 2-13. Regression coefficients and significance for microencapsulation yield

Factor Coefficient | SE Coefficient | T-value p-value
Constant -3309.89 3462.29 -0.956 0.353

X; (Sea Buckthorn oil) -1055.64 860.48 -1.227 0.238
X, (Tween 80) 2714.17 1611.72 1.684 0.112
X5 (Stirring speed) -71.33 88.34 -0.807 0.431
X4 (Stirring duration) -1.57 10.12 -0.155 0.878
X' 127.49 91.37 1.395 0.182

X, -298.38 179.08 -1.666 0.115

X5’ 6.74 4.03 1.672 0.114

X4t -1.48 1.01 -1.467 0.163

X1 X5 -14.09 7.69 -1.832 0.086

X;3Xy 1.03 0.81 1.281 0.218
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Table 2-14. Results of ANOVA for microencapsulation yield

Source DF Adj SS Adj MS F-value p-value

Regression 10 863.080 86.308 2.07 0.094

Linear 4 164.940 41.235 0.99 0.442

X 1 62.830 62.830 1.51 0.238

X, 1 118.389 118.389 2.84 0.112

X3 1 27.216 27.216 0.65 0.431

X4 1 1.009 1.009 0.02 0.878

Square 4 314.269 78.567 1.88 0.163

X' 1 81.281 81.281 1.95 0.182

X5? 1 115.895 115.895 2.78 0.115

X;5? 1 116.706 116.706 2.80 0.114

X4 1 89.819 89.819 2.15 0.162

2-way interaction 2 208.574 104.287 2.50 0.114

Xi1X3 1 140.036 140.036 3.35 0.086

X3Xy 1 68.538 68.538 1.64 0.218
Residual Error 16 667.935 41.746

Lack of fit 14 655.980 46.856 7.84 0.119
Pure Error 2 11.955 5.978

Total 26
<Fig. 2-14>3} <Fig. 2-15>+= 0fo]3 278=9] L£50 tst 2X1Y S A EQt 3
A wrgEH ok 2t SnMEet WS RAEL Qlxfe] X g ofo] 327

SAl W2 A= FLst. <Fig. 2-14(a)>9} <Fig. 2-15(a)>+= Xi(HIERRILHR

ol o] ) XpBlo]2AHZ/GAl Tween809] &&)o] &2 FISHA|7]AL,
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Fig. 2-14. Response contour plot showing combined effects: a) concentration of Sea
Buckthorn oil (X;) and concentration of Tween 80 (X;), b) concentration
of Sea Buckthorn oil (X;) and stirring speed (X3), ¢) concentration of Sea
Buckthorn oil (X;) and stirring duration, d) concentration of Tween 80
(Xy) and stirring speed (X3), e) concentration of Tween 80 (X;) and
stirring duration (X4), f) stirring speed (X3) and stirring duration (X4) on

microencapsulation yield
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Fig. 2-15. Response surface plot showing combined effects: a) concentration of Sea
Buckthorn oil (X;) and concentration of Tween 80 (X;), b) concentration
of Sea Buckthorn oil (X;) and stirring speed (X3), ¢) concentration of Sea
Buckthorn oil (X;) and stirring duration, d) concentration of Tween 80
(X3) and stirring speed (X3), e) concentration of Tween 80 (X;) and
stirring duration (X4), f) stirring speed (X3) and stirring duration (X4) on
microencapsulation yield
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Fig. 2-16. Response contour plot and surface plot for microencapsulation yield
indicating the effects of the mutual interactions on concentration of Sea
Buckhorn oil (X;) and stirring speed (X3) on microencapsulation yield: a)
contour plots b) surface plots
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Table 2-15. Optimization graph of response surface for microencapsulation yield

. X; - Sea X3 - Stirring X4 - Stirring
Optimal Buckthorn oil Xz - Tween 80 speed duration
High 4.90 4.650 11,000 5
Cur [4.480] [4.5470] [11,000] 3.3030
Low 4.480 4.350 9,000 1
MY (%) E \
Maximum
y = 44.5263
d = 0.98910
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Fig. 2-17. The residual plots for a) Normal probability plot, b) Versus fits, c¢)
Histogram, d) Versus order on particle size of microcapsules
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Table 12-16. Regression coefficients and significance for particle size of
microcapsules

Factor Coefficient | SE Coefficient | T-value p-value
Constant -249.186 102.885 -2.422 0.026%*
X1 (Sea Buckthorn oil) 158.987 49.876 3.188 0.005%*
X, (Tween 80) 0.237 0.673 0.352 0.729
X5 (Stirring speed) -24.711 4.693 -5.266 0.000*
X4 (Stirring duration) 0.565 1.310 0.431 0.671
X' -16.780 5.316 -3.156 0.005*
X5? 1.215 0.234 5.182 0.000*
XXy -0.375 0.255 -1.472 0.158
X;3Xy 0.103 0.054 1.927 0.070

*means p<.5
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Table 2-17. Results of ANOVA for particle size of microcapsules

Source DF Adj SS Adj MS F-value p-value

Regression 8 8.30333 1.03792 5.66 0.001*

Linear 4 5.18594 1.29649 7.08 0.001

X 1 1.86180 1.86180 10.16 0.005*

X 1 0.02276 0.02276 0.12 0.729

X3 1 5.08032 5.08032 27.73 0.000%*

X4 1 0.03410 0.03410 0.19 0.671

Square 2 4.95015 2.47508 13.51 0.000

X' 1 1.82533 1.82533 9.96 0.005*

X5® 1 4.92075 4.92075 26.86 0.000%*

2-way interaction 2 1.07752 0.53876 2.94 0.079

X1X4 1 0.39690 0.39690 2.17 0.158

X5X4 1 0.68062 0.68062 3.71 0.070
Residual Error 18 3.29814 0.18323

Lack of fit 16 3.10567 0.19410 2.02 0.382
Pure Error 2 0.19247 0.09623

Total 26

*means p<.5
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4.50(wt%)%] F7t 2Fo] AL Xu(LUAE AT X(LWEE)O] 2ES
S}Al7|WA oo 22704 Y= D[4.3]9) Wets nAGH Autolct. 1 AukeA
X390 £%0] 10.000rpmol T X7t BE 2E0] 9 ©f YEWF D[4.31S A4zt

7Aoo Y=BF D43} A

49 g 7P 4 A8 ¥ 4 Yok ool SnMn wrgEREe] Aoy of
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X1- Sea Buckthorn oil X1- Sea Buckthorn oil
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X3-Stirring speed
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Fig. 2-18. Response contour plot showing combined effect: a) concentration of Sea

Buckthorn oil (X;) and concentration of Tween 80 (X3), b) concentration
of Sea Buckthorn oil (X;) and stirring speed (X3), ¢) concentration of Sea
Buckthorn oil (X;) and stirring duration, d) concentration of Tween 80
(Xz) and stirring speed (X3), e) concentration of Tween 80 (X;) and
stirring duration (X4), f) stirring speed (X3;) and stirring duration (X4) on
particle size of microcapsules
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a) b)
36
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30
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46 s 11000
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450 44 ween 450 X3-Stirring speed
465 ; 3
480 o, 465 450 9000
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0 d)
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2.0 40 2 <
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44 10000 10
450 1.0 11000
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Fig. 2-19. Response surface plot showing combined effect: a) concentration of Sea

Buckthorn oil (X;) and concentration of Tween 80 (X;), b) concentration
of Sea Buckthorn oil (X;) and stirring speed (X3), ¢) concentration of Sea
Buckthorn oil (X;) and stirring duration, d) concentration of Tween 80
(X3) and stirring speed (X3), e) concentration of Tween 80 (X;) and
stirring duration (X4), f) stirring speed (X3) and stirring duration (X4) on

particle size of microcapsules
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a) Contour Plot of PSD [4.,3] (um) vs X3-Stirring speed, X1- Sea Buckthorn

11000
PSD [4.3]

(pm)
[ | <16
BWis - 20
20 — 2.4
24 — 238
B2z - 32
W32 - 36
B > 3.6
Hold Values
X2-Tween 80 4.5
X4-Stirring duration 3

X3-Stirring speed

4.5 4.6 47 4.8 49
X1- Sea Buckthorn oil

b) Surface Plot of PSD [4.3] (um) vs X3-Stirring speed, X1- Sea Buckthorn

Hold Values
X2-Tween 80 4.5
X4-Stirring duration 3

3.6

PSD [4.3]
2.4
11000

18

10000 o
o X3-Stirring speed

465 9000

4.80

X1- Sea Buckthorn oil

Fig. 2-20. Response contour plot and surface plot for PSD [4,3] indicating the effects
of the mutual interactions on concentration of Sea Buckhorn oil (X;) and
stirring speed (X3) on PSD [4,3]: a) contour plots, b) surface plots
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2|55 7ol upx|er WA 24 <Table 2-18>01A ¢t Zo] nto]Z 250 Yw
W7 Dl43]o] thet AAste= AAstgrt AMgEs Sgwse vELD o
o 9 Fe u]o]LARAYR] Tween80 T U WHHEE, WHHA| % AIZFS A

=

Holw wheAl? YEWF D431 ARSI AN YuB D43l 2w
1.6

9,949.5rpm 3 Xy(wRHA]E A[ZH)7F 534 of #|A9f =gyt D[4.3]12 1.1770u
mz Fgdt

Table 2-18. Response surface optimization of particle size of microcapsules

. X; - Sea X5 - Stirring X4 - Stirring
1 X, - T
Optima Buckthorn oil : ween 80 speed duration
High 4.90 4.650 11,000 5
Cur [4.90] [4.350] [9,9495] [5]
Low 4.480 4.350 9,000 1
PSD[4,3]
(m)
Minimum
y = 1.1770
d = 1.0000
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Fig. 2-21. The residual plots for a) Normal probability plot, b) Versus fits, c)
Histogram, d) Versus order on particle distribution (Span)
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ofo] 22820 Y=F & Spano] HishA =[S A, A, A8 o
of ¥reEHRAZ 85t &89 fdAs 5 p-value ol
X:'(p=0.941), X4 p=0.718), X3*p=0.372), X,4(p=0.746), X;X3(p=0.761),
X1X4(p=0.863), X»X3(p=0.323), X3Xa(p=0.331)5 A|JA]7]1L, offiet #2 s HT

SHAIS o]
=

o = M .

Y3=238.879-47.664X1-53.123X,+0.124X3-4.712X4+10.671X1X5+1.023X2X4

71 Y WERUZAHONA WAz EAY" opo]lAzfad YL
Span folal, AIFAARMX, X2, X5, Xe)2 242} HIERILHR Ao AHx
AHLEA Tween80 e W wHrE T WHEA]E AJZto|ct. gl {uhetale) 2z 7
50t 59142 <Table 2-19> 2t} {2/ p-values AHYEH L& QIXE0] &
O/d puto]l =otA IHTFAY oFde EHASH] o3 Jez UEREHH. 9
H=AMo] gt AA-A 4 R? 3He 0.30118 Aster} dojx|n], <Table 2-20>2}
o] ANOVAE £3ist S ), AA| @9 F-valuew 1.440]91 00 p-value=
0.2502A] {-9]Ao|x] okorct, AT ZAoj(Lack of fit)e] p-value Zto] 0.000=2
(p>0.05)0] 24 Yot Afong, Axjo] wHlo] Ziuprt AestA] o2 o=z HHh
steict.
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Table 2-19. Regression coefficients and significance for particle distribution (Span)

Factor Coefficient | SE Coefficient | T-value p-value
Constant 238.879 121.671 1.963 0.064

X (Sea Buckthorn oil) -47.664 25.859 -1.843 0.080
X, (Tween 80) -53.123 27.022 -1.966 0.063

X3 (Stirring speed) 0.124 0.171 0.725 0.477
X4 (Stirring duration) -4.712 2.715 -1.735 0.098
Xi1Xz 10.671 5.744 1.858 0.078

XoX4 1.023 0.603 1.697 0.105
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Table 2-20. Results of ANOVA for particle distribution (Span)

Source DF Adj SS Adj MS F-value p-value

Regression 6 4.5132 0.75221 1.44 0.250

Linear 4 3.6654 0.91636 1.75 0.179

Xi 1 1.7794 1.77941 3.40 0.080

X 1 2.0241 2.02414 3.86 0.063

X3 1 0.2755 0.27547 0.53 0.477

X4 1 1.5774 1.57737 3.01 0.098

2-way interaction 2 3.3159 1.65793 3.17 0.064

XX 1 1.8077 1.80773 3.45 0.078

XXy 1 1.5081 1.50812 2.88 0.105
Residual Error 20 10.4745 0.52373

Lack of fit 18 10.4741 0.58189 2859.50 0.000
Pure Error 2 0.0004 0.00020

Total 26
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o, Xs(u¥t&%)E 10,000rpm=z F37F »F0] st X(WERIVE Fuf F&
o] &Pt Xy(w¥HA]& AZhe]l »&F2 WHEAIZIH, X9 £F0] 4.50(wt%)o] 1L
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9 Bt & 1SS Fol Span?] ¥hEg=4lg UERHATE o] T Span
D= 2FA X3 £%0] 9,000rpm F T FAYE A= Jow Hel
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Fig. 2-22. Response contour plot showing combined effect a) concentration of Sea
Buckthorn oil (X;) and concentration of Tween 80 (X;), b) concentration
of Sea Buckthorn oil (X;) and stirring speed (X3), c) concentration of Sea
Buckthorn oil (X;) and stirring duration, d) concentration of Tween 80
(X3) and stirring speed (X3), e) concentration of Tween 80 (X;) and
stirring duration (X4), f) stirring speed (X3) and stirring duration (X4) on
particle distribution (Span)
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Fig. 2-23. Response surface plot showing combined effect a) concentration of Sea

Buckthorn oil (X;) and concentration of Tween 80 (X3), b) concentration
of Sea Buckthorn oil (X;) and stirring speed (X3), ¢) concentration of Sea
Buckthorn oil (X;) and stirring duration, d) concentration of Tween 80
(Xz) and stirring speed (X3), e) concentration of Tween 80 (X;) and
stirring duration (X4), f) stirring speed (X3) and stirring duration (X4) on
span distribution of microcapsules
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a) Contour Plot of Span vs X2-Tween 80, X1- Sea Buckthorn oil
4.65
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< 20
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W22 - 26
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=
o 450 Hold Values
E : X3-Stirring speed 10000
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b) Surface Plot of Span vs X2-Tween 80, X1- Sea Buckthorn oil
Hold Values
X3-Stirring speed 10000
X4-Stirring duration 3
Span
4.6
4.5
X2-Tween 80
X1- Sea Buckthorn oil

Fig. 2-24. Response contour plot and surface plot for Span indicating the effects of
the mutual interactions on concentration of Sea Buckhorn oil (X;) and
concentration of Tween 80 (X;) on Span: a) contour plots, b) surface
plots
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A Aet 49

T2 <Table 2-21>0] AAl5tC} AAstrs =
&g, H]o|2AHE/JA| Tween80 g

I Spang 2FsIAN. £A%} Y=

sk, I gete 4.1122 stof L oste] | Aagts F4tste =4 S|
castuA stk 7 An X(ulERILR o) B8 g0l 4.90(wt%). X,(u]o]
LAHSAAA Tween80 THF)7F 4.350(wt%), Xa(w¥FE%)7F 9,000rpm L Xy( 8t
A& Al7H7F 52d of 2]A9] A B X Span?] e 1.49612 FAEQICt

o] upx|ul WA A Ofo]

Table 2-21. Response surface optimization of particle distribution (Span)

. X; - Sea X5 - Stirring X4 - Stirring
Optimal Buckthorn oil Xz - Tween 80 speed duration
High 4.90 4.650 11,000 5
Cur [4.90] [4.350] [9,000] [5]
Low 4.480 4.350 9,000 1
Span (-)
Minimum
y = 1.4961
d = 1.0000 \
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9) ulo] 22720 HA wHH =5 L AF

o] 7} wgwael Bmzte wEsh: A4 wjgu =52 5hA Minitab
16(Minitab Inc., Statistical Software)?] 8hg Z|A3} T 15 Ap&sto] %A wj
YUl E=E5tltt <Table 2-22>0f A|AleE diet o] wpo]3z27s9 a2
14.254(%) o/l # 1S F4stal, Y=F+ D[4,3]= 4.11um o519 2| Agts
Z7510], QERE Span e 2.01 olste] HaPe FPske £70E she A
A78e TESUAL ofodrh oo ¥hERHEARo] vhg AHst AuES <Table
2-23>0 AAlst =, eIt Bl R &2 4.480(wt%), H|o]2AIHEAd
Al Tween80 &Hgf2 4.5803(wt%), w8 E+= 10.3535rpm, W RHAIZHS 38 3434
2ot A8 wjgo2 =EEoch ot 7 vhewa W Auo] ot MY de 4
0] 0.70707, Y=H+ D[4,3]= 0.99147, J=EE Span2 0.739022 L}ERGE
ch o] melo] A HyAL 80.323%2 ZEAFSS st SHW49 &K vy
of WHgWI4o] 2AGHE <Table 2-24>9F o] Aale 4 k.

Table 2-22. Lower limit and upper limit of responses for microcapsules

Response factors Goal Lower limit | Upper limit
Microencapsulation yield (%) Maximize 14.254 -
Particle size diameter D[4,3] (um) Minimize - 4.11
Particle distribution (Span) (-) Minimize - 2.01
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Table 2-23. Response surface optimization of microcapsules

Optimal

X; - Sea
Buckthorn oil

X, - Tween 80

X3 - Stirring
speed

X4 - Stirring
duration

High

4.90

4.650

11,000

5

Cur

[4.480]

[4.5803]

[10,3535]

[3.3434]

Low

4.480

4.350

9,000

1

Composite
Desirability
0.80323

MY (%)
Maximum
y = 35.8946
d = 0.70707

PSD[4,3]
(Mm)
Minimum
y = 1.6199

d = 099174

Span (-)
Minimum
y = 2.1817

d = 0.73902 |
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= |
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Table 2-24. Numerical optimization of factors

Level / goal
Fact . Numerical
actors Low Center High optimization
limits points limits

X1; Sea Buckthorn oil 4.48 4.69 4.90 4.480
X2; Tween 80 4.35 4.50 4.65 4.5803
X3; Stirring speed (rpm) 9,000 10,000 11,000 10.3535
X4; Stirring duration (min) 1 3 5 3.3434
Microencapsulation yield (%) Maximize 35.895
Particle size diameter D[4,3] (um) Minimize 1.620
Particle distribution (Span) (-) Minimize 2.182
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3.2.3. 5|d3} nfojaz7A0] 2ald YA
1) FE-SEM o] 83 m#

Hxot ool £2¢ AH Arzyos AxF sEUUR dof He2
263t 71EA-ofetulol ufo] T2 4140] FE-SEM B9 APIe <Fig. 2-25-9
Toh BA gl met AlS AwRd ool Tzqa0] FUstn AR Pl
Fehg wolo] ozre BAV|E stedth ol ulolaEia L@ AME
$ol AZAZIE HAYOIA ufo]T2RE0] M2 Ratso] BXE/] oz 4%
Hck. 22y A2 otol32A%0] 1o FEE UERRL QlolAl ufo] Tzu&0]
Mgl P4Y o= et

o] 32 lao] et Y= D[43] R =2 Spand| ofsto] % Ash

Aol Ash 5" W AA FAstzioz AAd to]a2lez Y A2
A

g

AE A2 vluskltt. Y% x7oR 33 yhg AFste] ofo|aziiag AlX
ofo] @2 npo|Az2E 80 J=Pd D[4.3] E J=wx 2 <Table 2-25>

205 282 ARG Bdof| ok o &gko] 35.895¢Q1H], A
dofl oJsf Yo Zhe 30.0872 o=kl vls] AaFto] tha e Zoz Uehy
of. opo] 227850 drPot2 2AE wHlof 93t o &gko] 1.62umo|n] AF
A2 B¢ 1.94um=z JALZ7|7F ©A ¢ IA Yt JdEFEE Span

rlo

19
%
Ay

Bxat R o3t ol&zke 2.18190 AW 173302 o Eguct o e
LS 2 4 YAk o Fol4 HMe} WY g0l Y &AW vlo]
S22 JegRol ceiA Aol o) e slola=Re] Y= WM nE
LS <Fig. 2-26>0] AASGCE AE 12, 2%} 3xj0] SigEls M1, M2, M3
Y=y BEr} ulwA A2 Axshe ZFgoln, JolH <Table 2-11>9] Y=
Sx meaoold AFE vhel 2ol THERI(Unimodal distribution)oll EEE -
Jele U 9ge % 4 U

- 156 -



¥ \
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SEM HV: 5.0 kV WD: 10.08 mm | SEM HV: 5.0 kV WD: 10.09 mm | | T MIRA3 TESCAN|
SEM MAG: 17.6 kx Det: SE 5 um SEM MAG: 17.5 kx Det: SE 5pm
View field: 15.7 ym | Date{m/diy). 10/22/21 Jeju National University View field: 15.8 ym  Date(m/d/y): 10/22/21 Jeju National University

i r!‘l

. . 4 3 E wF
SEM HV: 5.0 kV WOD: 10.03 mm | SEM HV: 5.0 kV WD: 10.03 mm | I MIRA3 TESCAN

SEM MAG: 30.0 kx Det: LE-BSE SEM MAG: 80.0 kx Det: LE-BSE 1 pm
View field: 9.23 ym  Date(m/dly): 10/22/21 Jeju National University View field: 3.46 um  Date(m/dly): 10/22/21 Jeju National University

Fig. 2-25. Surface morphology with SEM micrographs (sem mag: 30.0 kx) of
microcapsule a) Spm, b) Spm, ¢) 2um, d) 1pm

Table 2-25. Experimental results compared with predicted values

Experimental results Predicted

1 2 3 Average values

Factor

Microencapsulation yield (%) 30.276 | 29.089 | 30.897 | 30.087 35.895

Particle size diameter D[4,3] (um) | 1.98 1.88 1.97 1.94 1.62

Particle distribution (Span) (-) 1.615 | 1.716 | 1.867 1.733 2.182
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Fig. 2-26. Experimental results of particle size distribution under optimized conditions
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Fig. 2-27. FT-IR spectrum of chitosan
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Fig. 2-28. FT-IR spectrum of arabic gum
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Fig. 2-29. FT-IR spectrum of microcapsule containing Sea Buckthorn oil
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Fig. 2-30. UV-Vis absorbance curve of Sea Buckthorn oil
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Fig. 2-31. Calibration curve for absorbance of Sea Buckthorn oil (n-hexane)
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Fig. 2-32. Release rate of Sea Buckthorn oil from microcapsules in n-hexane solution
depending on time
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Fig. 2-33. TGA curves of chitosan-arabic gum microcapsule containing Sea Buckthorn

oil
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Fig. 2-34. Add-on of microcapsule-treated cotton knit by BIM and SPM depending
on microcapsule-binder concentrations
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Fig. 2-35. Add-on of microcapsule-treated nylon/PU knit by BIM and SPM depending
on microcapsule-binder concentrations
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SEM HV: 5.0 kv WD: 9.94 mm | SEM HV: 5.0 kV WD: 10.06 mm MIRA3 TESCAN|  SEM HV: 5.0 kV. WD: 10.10 mm [MIRA3 TESCAN|

SEM MAG: 4.27 kx Det: SE 20 pm SEM MAG: 8.76 kx Det: SE 10 um SEM MAG: 8.78 kx Det: SE
View field: 64.9 um _ Date(midly): 1012221 Jeju National University View field: 31.6 um _ Date(m/dly): 10122121 Jeju National University View field: 31.5 ym __ Date(m/dly): 1012221 Jeju National University

N 2 8 W ; ] [

i f = A t
SEM HV: 5.0 kV WOD: 10.¢ SEM HV: 5.0 kV WD: 10.13 mm MIRA3 TESCAN| SEM HV: 5.0 kV WD: 10.01 mm i | i i MIRA3 TESCAN|

SEM MAG: 8.75 kx Det: SE 10 pm SEM MAG: 8.72 kx Det: SE 10 pm SEM MAG: 8.77 kx Det: SE 10 ym
View field: 31.6 ym  Date(midly): 10/22/21 Jeju National University View field: 31.7 ym _ Date(m/dly): 10/22121 Jeju National University View field: 31.6 ym _ Date(m/dly): 10122/21 Jeju National University

Fig. 2-36. SEM of microcapsule-treated cotton knit by BIM: a) UT, b) 20-7%, c)
30-7%, d) 40-10%, e) 50-10%, f) 60-10%(owf)

L ¥ : .
SEM HV: 5.0 kv WD: 9.94 mm L L i || miRa3 TESCAN|  SEM HV: 5.0 KV WD: 10.02 mm | MIRA3 TESCAN|
SEM MAG: 4.27 kx E SEM MAG: 8.67 kx : SE 10 ym

View field: 64.9 ym _ Date(m/dly): 10/22/21 Jeju National University Jeju National University View field: 31.9 ym _ Date(m/dly): 11/01/21 Jeju National University

e

. oA\ 0 : VM i/ /
SEM HV: 5.0 kV WD: 10.13 mm MIRA3 TESCAN| SEM HV: 5.0 kV 'WD: 10.05 mm MIRA3 TESCAN| SEM HV: 5.0 kv 'WD: 10.05 mm | MIRA3 TESCAN|

SEM MAG: 8.59 kx : SE 10 pm SEM MAG: 8.59 kx Det: SE 10 pm SEM MAG: 8.7 kx Det: SE 10pm
View field: 32.2 ym _ Date(m/dly): 11/01/21 Jeju National University View fleld: 32.2 ym _ Date(m/dly): 11/01/21 Jeju National University View field: 31.6 ym _ Date(m/dly): 11/01/21 Jeju National University

Fig. 2-37. SEM of microcapsule-treated cotton knit by SPM: a) UT, b) 20-7%, c)
30-7%, d) 40-10%, e) 50-10%, f) 60-10%(owf)

- 169 -



e Ve { & i
SEMHV:S0KY | WD:987mm MIRASTESCAN] SEMHV:S0KV | WD:994mm ; SEMHV:S0KV | WD:998mm MIRAS TESCAN

SEM MAG: 4.36 kx Det: SE 20 ym 57 kx Det: SE 10 ym SEM MAG: 8.66 kx Det: SE 10 pm
View field: 63.5 um _ Date(midly): 10122121 Jeju National University View field: 32.3 um  Date(midly): 10122121 Jeju National University View field: 32.0 um  Date(m/dly): 1022121 Jeju National University

SEM HV: 5.0 kv WD: 9.89 mm MIRA3 TESCAN|  SEM HV: 5.0 kv WD: 9.80 mm WD: 9.81 mm [MIRA3 TESCAN|

SEM MAG: 8.77 kx Det: SE 10 pm SEM MAG: 8.74 kx Det: SE 10 pm : Det: SE 10 pm
View field: 31.6 ym  Date(midly): 10/22121 Jeju National University View field: 31.7 ym  Date(m/cly): 10/22/21 i Jeju National University

Fig. 2-38. SEM of microcapsule-treated nylon/PU knit by BIM: a) UT, b) 20-10%,
c) 30-10%, d) 40-15%, e) 50-15%, f) 60-15%(owf)

SEM HV: 5.0 kv WD: 9.61 mm MIRA3 TESCAN|  SEM HV: 5.0 kV. WD: 9.69 mm MIRA3 TESCAN|  SEM HV: 5.0 kv WD: 9,68 mm MIRA3 TESCAN|
SEM MAG: 4.98 kx Det: SE 10 pm SEM MAG: 4.45 kx Det: SE 10um SEM MAG: 4.49 kx Det: SE
View feld: 5.6 um  Date(midly): 11/02121 Jeju National University View field: 62.2 ym  Date(midly): 11/02/21 Jeju National University View fleld: 61.7 um _ Date(m/dly): 11/02121 Jeju National University

SEM HV: 5.0 kV WD: 8.74 mm MIRA3 TESCAN|  SEM HV: 5.0 kv wo:963mm | MIRA3 TESCAN|  SEM HV: 5.0 kv WD: 9.61 mm | | miras TEscaN]
SEM MAG: 6.86 kx Det: SE o SEM MAG: 7.83 kx Det: SE 10 ym SEM MAG: 6.82 kx Det: SE 10 pm
View field: 40.3 ym _ Date(m/dy): 11/02/21 Jeju National University | View fleld: 35.4 ym _ Date(m/diy): 11/02/21 Jeju National University View fleld: 40.6 ym _ Date(m/dly): 11/02/21 Jeju National University

Fig. 2-39. SEM of microcapsule-treated nylon/PU knit by SPM: a) UT, b) 20-10%,
c) 30-10%, d) 40-15%, e) 50-15%, f) 60-15%(owf)
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Fig. 2-40. Volatile profile of microcapsule-treated cotton knit by BIM using e-nose:
a) MXT-5, b) MXT-1701
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Fig. 2-41. PCA biplot by e-nose in response to microcapsule-treated cotton knit
fabric by BIM
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Fig. 2-42. Distance of aroma pattern by e-nose between untreated and
microcapsule-treated cotton knit by SPM

71.43-1-A

----168.14-2-A

—Oo-UT
—{1-20-7
——30-7
——40-10
—k—50-10
——60-10
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Table 2-26. Volatile compounds identified in microcapsule treated cotton knit fabric

by BIM
MXT-5 MXT-1701 . . . . .
RTY RY) | RTY RP) Possible identification Formula Sensory descriptor
20.50 20.12 Acetaldehyde; cocqa; earthy;
Propanal C3HgO | etheral; nutty; plastic; pungent
(500) (583)
solvent
Alliaceous;  Gasoline;  Green;
40.98 37.20 2-methylthiophene CsH¢S | Onion; paraffinic;  Sulfurous;
(777) (829)
Sweet
?95917§ (6181‘13) 2-(2-Ethoxyethoxy)ethanol C¢H 1405 | Mild; Pleasant
Basil leaves; Fennel;
84.23 84.87 ’ ’
CioH14O | Herbaceous; Licorice; Minty;
1241 1384 2-methyl-5-(1-methylethenyl)-
( ) (1384) methyl-5-(1-methylethenyl) Spicy: Sweaty
2.8 Acrid;  Aromatic; Medicinal;
) - Phenol Ce¢HsO | Phenolic; Plastic; Rubber;
(965)
Sweet
71.43 . Fresh; Fruity; Grassy; Green;
- E,E)-3,5- -2~ H
(1074) (E,E)-3,5-octadien-2-one CeHi0 Mushroom; Sweet; Woody
102.91 Fruity; fruity (sweet); Peach;
(1466) - delta-decalactone C10Hi502 Sweet
120.96
(1708) - Heptadecane Ci7Hs6 Alkane; Fuel; Fusel
Citrus; Etheral; Fruity;
i 62.51 amma-Terpinene CoH Gasoline; Herbaceous; Lemon;
ao7y |8 P 0516 0ily; Sweet; Terpenic;
Turpentine; Woody
63.96 . Balsamic; Bread; Corn; Earthy;
i (1087) 2-Ethyl-3-methylpyrazine CrtioN; Musty; Nutty; Peanut; Roast
70.02 . . .
- (1171) propionic acid hexyl ester CoH;30, | Fruity; Green; Musty; Pear
71.74
- (1185) dodecane C12Has Alkane; Fusel
A3 nHYY(SPM)E AMEsto] to]la278e = 7haAlgst W HAdEo st

LI

o1 g3t

7

HeeaT 3

[OXRLIN LI

3
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Table 2-27. Volatile compounds identified in microcapsule treated cotton knit fabric

by (SPM)
MXT-5 MXT-1701 . . . . .
RT R) | RTY RP) Possible identification Formula Sensory descriptor
21,55 2091 Blaf:kcurral'lt; Etheral; Fragrant;
Methyl acetate C3HeO» Fruity; fruity (sweet); Pleasant;
(519) (606)
Solvent; Sweet
?25(5 ?252:3 Cyclohexane CeH» Chloroform
69.32 62.52 . Citrus; Minty; Orange; Pine;
L-L CyoH .
(1047) (1072) fmonene 107516 Terpenic; Woody
22.88 . Aromatic; Burnt; Fruity;
(546) ; Carbon disulfide CS: Sulfurous; Sweet
24.38
- 2-mercaptoethanol C,H¢OS | Strong; Sulfurous
(569)
Fishy; Fruity; Garlic; Harsh;
31.38 Leather; Mustard; Onion;
(680) ) I-penten-3-one CsHsO Plastic; Pungent; Rotten; Sewer;
Sharp; Solvent; Spicy; Varnish
68.30 1-Methyl-4-isopropenyl-1-cycl Citrus; Ether.a . .lety; Green;
- CioHie Lemon; Licorice; Orange;
(1035) ohexene
Pleasant
31.08 Anise; Citrus; Floral; Fruity;
(12"02) - alpha-Terpineol CioHisO | Lilac; Minty; Oily; Peach;
Pine; Toothpaste; Woody
20.01 acetaldehyde; Cocoa; Earthy;
- ) Propanal C;HgO Etheral; Nutty; Plastic; Pungent;
(580)
Solvent
2545 Alcoholic; Ethanol; Fermented;
- ( 6é7) 1-Propanol C;HsO Fruity; Fusel; Musty; Plastic;
Pungent
34.33 Alkane; Fruity; Fusel; Gasoline;
- Oct CsH ’ ’ ’ ’
(804) ctane SIS Sweet
68.12 . . Burnt; Cocoa; Earthy; Musty;
- 2-ethyl-3,6- thyl Hp N
(1142) cthyl-3,6-dimethylpyrazine CsHiN Nutty; Potato; Pungent; Roast
79.61 . . Fruity; Green; Oily; Sweet;
- (1302) 2-Butenoic acid C1oH1502 Walnut
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Fig. 2-48. Volatile profile of microcapsule-treated nylon/PU knit by BIM using
e-nose: a) MXT-5, b) MXT-1701
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Fig. 2-49. PCA biplot by e-nose in response to microcapsule-treated nylon/PU knit
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Table 2-28. Volatile compounds identified in microcapsule treated nylon/PU knit
fabric by (BIM)

R,I:,/II)X;FP;;)) ll\f,if;r_(i;?)l) Possible identification Formula Sensory descriptor
2023 1973 acetaldehyde; Cocoa; Earthy;
Propanal C3HgO | Etheral; Nutty; Plastic;
(492) (570)
Pungent; Solvent
(61?)128) (71‘;;81) Methyl-cyclohexanecarboxylate | CsHi4O, | Berry; Ester; Fruity; Pineapple
(911 (?61) 2?632(; delta-Nonalactone CoH 60, S/lc;]c]i)}rll;utéwii)umarm, Creamy;
?51 133 - Pentane CsHy, | Alkane; Gasoline
43.92 Cauliflower; Chemical; Fatty;
(804) i 2-hexanol CoHid0 Fruity; Terpenic; Winey
65.08 Citrus; Green; Minty; Spicy;
(996) i alpha-Phellandrene Cotlis Terpenic; Turpentine; Woody
(61%‘?2) i Limonene CroHis g;terll;s, Fruity; Minty; Orange;
Aldehydic;  Chlorine;  Citrus;
Fatty; Floral, Fresh; Fruity;
74.64 Gaseous; Gravy; Green,;
(1111 - n-nonanal CoH 3O | Lavender; Melon; Orange;
Orange peel; Orris; Peely;
pungent  (slightly);  Rose;
Soapy; Sweet; Tallowy;, Waxy
21.06 Acetone;  Alcoholic;  Ethanol,;
- (602) 2-propanol C3HgO | Etheral; Musty; Pleasant;
rubbing alcohol; Woody
Alcoholic; amyl alcohol;
33.18 Ban.ana; Cheese; Fermented;
- (789) n-butanol C4H10O | Fruity; Fusel; Harsh;
Medicinal; Oil; Rancid; Strong;
Sweet
Acrid; arctic bramble; Cheese;
cheese (roquefort); Fatty;
55.99 Floral; Fresh; Fruity; Green;
- (998) heptan-2-ol C;Hs0 | Herbaceous; Lemon; lemon
(fresh); Melon; Moldy;
Mushroom; Oily; Pungent;S
weet
Acidic; Beefy; Cheese;
64.02 . ) . .
- pentanoic acid CsHi0O, | penetrating; Pungent; Putrid;
(1088) .
Rancid; Sour;S weaty
79.27 . .
- (1331 1,3,8 para-Menthatriene CioHis | Roast; Sulfurous; Terpenic
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Fig. 2-52. Volatile profile of microcapsule-treated nylon/PU knit by SPM using
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Fig. 2-55. Radial plots of 16 volatile compounds from microcapsule-treated
nylon/PU knit by SPM using e-nose
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Table 2-29. Volatile compounds identified in microcapsule-treated nylon/PU knit by

SPM
R,ll\,/{)xgiz)) gﬁ?}gg)l) Possible identification Formula Sensory descriptor
Acidic; Burnt; burnt (sweet);
?72073 ?7729; 2-ethyl furan C¢HsO | Chemical;  Earthy;  Malty;
Pungent; Rubber; Sweet
81,25 79.55 . Apise; Ci@s; qural; Fruity;
(1203) (1303) alpha-Terpineol CioHi50 L?lac; Minty; Oily; Peach;
Pine; Toothpaste; Woody
19.06 acetaldehyde; Cocoa; Earthy;
@73) - Propanal C4;H;0O | Etheral; Nutty; Plastic;
Pungent; Solvent
.75 Alcoholic; . Ethanol;
(545) - 1-Propanol C;HgO | Fermented; Fruity; Fusel,;
Musty; Plastic; Pungent
26.93 Alkane;  Etheral,  Gasoline;
(605) i Hexane Cotlis Kerosene
43.92 Cauliflower; Chemical; Fatty;
(805) i 2-hexanol CeHii0 Fruity; Terpenic; Winey
66.20 . .
(1010) - Methyl-cyclohexanecarboxylate | CgH;sO, | Berry; Ester; Fruity; Pineapple
68.31 Aromatic; Balsamic; Faint;
- benzyl alcohol C;HsO | Floral; Fruity; Phenolic; Rose;
(1035)
Sweet
- ;572‘5 Diethyl ether CsH,(O | Etheral
Acrid; arctic bramble; Cheese;
cheese  (roquefort);  Fatty;
55.04 Floral; Fresh; Fruity; Green;
- (999) heptan-2-ol C;Hc0O | Herbaceous; Lemon; lemon
(fresh); Melon; Moldy;
Mushroom;  Oily;  Pungent;
Sweet
68.11 .
- (1142) 2-(2-Ethoxyethoxy)ethanol C¢H1405; | Mild; Pleasant
Aldehydic; Chlorine; Citrus;
Fatty; Floral, Fresh; Fruity;
72 81 Gaseous; Gravy; Green,;
- (1210) n-nonanal CoHisO | Lavender; Melon;  Orange;
Orange peel; Orris; Peely;
pungent  (slightly);  Rose;
Soapy; Sweet; Tallowy; Waxy
i (512322) p-Cresol CoH50 ISAIrllqlonll(a;l, Medicinal; Phenolic;
102.99 Coconut; Fatty; Fresh; fruity
- (1611) gamma-decalactone CioHis0; | (dried); Lactone; Oily; oily
(fresh); Peach; Sweet; Wax
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HERRILUR Ao RS FRste 7IEA-ofH|obd nfojazfier TheAld

¢ ¥ HAg=EY GAES <Table 2-30>0] AAlsket. Egolx FFZ&E(C)= 2

ol 245 pACE EYA7] ofy Efojm/do] Uy, T o] AS45
Aoz EYR] UM Efojzidol et A2 ujdTH(Chol et al.,
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Table 2-30. Drape stiffness of microcapsule-treated cotton knit by BIM & SPM

Microcapsules ~ binder

Drape stiffness C (cm)

Conc. (%, owf) BIM StM

Warp Weft Mean | Warp Weft Mean

UT 2.26 1.89 2.08 2.26 1.89 2.08

20-7 2.38 1.99 2.19 2.45 2.08 2.27

30-7 2.39 1.93 2.16 2.34 2.01 2.18
40-10 233 1.97 2.15 242 2.11 2.27
50-10 2.30 1.98 2.14 2.39 2.02 221
60-10 2.36 1.99 2.18 243 2.03 2.23

Table 2-31. Flex stiffness of microcapsule-treated cotton knit by BIM & SPM

Microcapsules ~— binder

Flex stiffness E (cm-g)

Conc. (%, owf) BIM SPM

Warp Weft Mean | Warp Weft Mean

uT 0.176 0.100 | 0.138 | 0.191 0.106 0.148

20-7 0.210 0.126 | 0.168 | 0.230 0.138 0.184

30-7 0.211 0.112 | 0.162 | 0.200 0.128 0.164
40-10 0.201 0.121 0.161 0.219 0.146 0.182
50-10 0.192 0.124 | 0.158 | 0.215 0.131 0.173
60-10 0.210 0.127 | 0.169 | 0.225 0.131 0.178
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Table 2-32. Drape stiffness of microcapsule-treated nylon/PU knit by BIM & SPM

Drape stiffness C (cm)

Micr((:)ggallc)‘sil(;:, ;be;nder BIM SPM

Warp Weft Mean | Warp Weft Mean
UT 1.58 1.61 1.60 1.58 1.61 1.60
20-10 1.74 1.71 1.73 2.06 1.96 2.01
30-10 1.77 1.75 1.76 1.93 1.67 1.80
40-15 1.82 1.82 1.82 1.94 1.95 1.95
50-15 1.80 1.68 1.74 2.13 1.99 2.06
60-15 1.78 1.72 1.75 2.14 2.04 2.09
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Table 2-33. Flex stiffness of microcapsule-treated nylon/PU knit by BIM & SPM

Flex stiffness E (cm-g)

Microcapsules — binder
Conc. (%, owf) BIM S

Warp Weft Mean | Warp Weft Mean
uT 0.088 0.083 0.085 | 0.088 | 0.083 0.085
20-10 0.094 0.090 | 0.092 | 0.157 | 0.137 0.147
30-10 0.100 0.097 | 0.098 | 0.134 | 0.087 0.110
40-15 0.110 0.108 | 0.109 | 0.137 | 0.139 0.138
50-15 0.107 0.086 | 0.097 | 0.183 | 0.149 0.166
60-15 0.101 0.091 0.096 | 0.183 | 0.159 0.171

W oEgeo vEYR Ao RS &Rt oolazles A 29
S8 YotS <Table 2-34>0] AASHAIT. 7FoAl2]sHA] 42 olAd Ao &
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Table 2-34. Water vapor permeability of microcapsule-treated cotton knit by BIM &

SPM

MFsreerpsile = i Water vapor permeability (%)
Conc. (%, owf) BIM SPM
uT 20.01 20.01

20-7 23.14 23.99

30-7 21.72 22.71

40-10 21.38 20.86

50-10 20.10 20.31

60-10 20.11 20.52
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Wt Avolct. AAHBIMOIA vl A2 £58E 25.67%0]9 00, fo]
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Table 2-35. Water vapor permeability of microcapsule-treated nylon/PU knit by BIM

& SPM

N scemils = Bt Water vapor permeability (%)
Conc. (%, owf) BIM SPM
UT 25.67 23.70

20-10 23.15 27.03

30-10 21.10 23.53

40-15 20.55 21.24

50-15 22.00 20.20

60-15 21.15 22.20

6) 27153te

S WA A2 2R 2R E AP AWAE Fe Al
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Table 2-36. Air permeability of microcapsule-treated cotton knit by BIM & SPM

Misrasamsile = bl Air permeability (cm’/min/cm?)
Conc. (%, owf) BIM SPM
uT 465.5 423.2

20-7 453.1 420.1

30-7 405.7 415.7

40-10 4375 404.5

50-10 415.9 444.0

60-10 449.6 428.9
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Table 2-37. Air permeability of microcapsule-treated nylon/PU knit by BIM & SPM

N Air permeability (cm*/min/cm?)
Conc. (%, owf) BIM SPM
uT 910.0 901.3

20-10 864.0 819.4

30-10 931.0 913.8

40-15 945.2 902.9

50-15 901.2 816.1

60-15 899.1 877.2
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Table 2-38. Antimicrobial
microcapsule-treated cotton knit (BIM) depending on laundry repetition

activity against S.

aurcus

and K. pneumoniae of

Microcapsule Bacterial reduction rate (%)
Launder . .
(%, owf) .. Staphylococcus aureus Klebsiella pneumoniae
repetition
Control - - -
[ CHE®(Control sample), After (18 + 1) h ] CHZ=H®(Control sample), After (18 + 1) h ]
0 76.0
NS T (Test sampte AT tore (18 23 )hs #8: AIBE (Testisampie s tenz(48 wis)ny #8:
1 88.5 0.0
A& ® (Test sample ),After (18 £ 1) h, #6
60-10 e
5 46.4 0.0
ANEE (Tesdisanpteaf tenc (18 stutkhs 43t NEH (Fesb sampieuyif tens (48 udhihz #3e
10 46.4
AN&E (Test sample ) After (18 + 1) h, #6 AN (Test sample ),After (18 + 1) h, #6
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Table 2-39. Antimicrobial activity against S. aureus and K. pneumoniae of
microcapsule-treated cotton knit (SPM) depending on laundry

repetition
Microcapsule Bacterial reduction rate (%)
Laund . .
(%, owf) . .ry Staphylococcus aureus Klebsiella pneumoniae
repetition
Control - -
CHZ=® (Control sample), After (18 + 1) h =™ (Control sample), After (18 £ 1) h
0 96.0
[ AI&® (Test sample ),After (18 + 1) h, #5 ] A@® (Test sample ) After (18 + 1) h, #5
1 93.3 0.0
60-10 [ AIZ® (Test sample ), After (18 = 1) h, # ] AE® (Test sample ),After (18 + 1) h, #6
5 93.1
10 91.5
Al E (Test sample ), After (18 + 1) h, #6 MBI B (Test sample ) After (18 = 1) h, #6

- 198 -



Val
a

7] & 4F-o et of

A=
|

4 KS K 06930f <]

<Table 2-40>1} <Table 2-41>0f A|A]5}9ict.

ool Zz e A

tof ojojzz

0] g5

o
=

A4 (BIM)

=1
b=

s

(el

A

<Table 2-40>31} Zc}.

2o AL s g Mg 0304

]

= X

ke

=13
e}

A

280 5% 99.3%S UERHofA

7t
a

ur

A= AT 58] Al

A
=

Al R-R1=

=
90.7%%] +t

o] 2o] 94

St
o

of =

S
-

HolA 53] A&
of. 109] Al 2ofl= m=AfLwto] o

95.6% =

A
o

1A=

5

5%

o%

~
__o_._._

T+
a

94.6%°]
of AM&H ofolZ 2785 60%(owf)-8tIE 15%(owf)= 7}

siAe

e

A9

]
=

Al
=

gE=H0 H

H

719 Al #AH opol =2

a
e

ool Az

al
=

I

7

%

S

_]
a

7}

1

R
A

L=}
= A

1

R
A

ol

o
=

B

&

12 o ofo]327ue o] oty

(<]

f2og olo|azao] WAl 9|9t opEo] 7}

&

o},

0]
S

Heol zpol7t 9e 4

1
L

o

ol

ol

B/
B/
<_O_l

_~—
__O.._

A2

1

al
o

A8 <Table 2-41>1 Zth 7}

gis

T+
a

ME 02]oM = Z/d1to] +
AL 97.8%=2 ER}IA],

1] A=t

i 89.7%%] =2

daes dTEd,
{rtoll ths
Tato] o

=
<

Aol met HAdEo) e Mgl o

SO ZrAtto] o

2=k
=

ks

o
=

| =5
O

o

95.4% 9] A &2,

A=

Az

ol = ZTAF ol 46.6%, mo

[e)
-

SRR EN

teict.
| 86.0%=

5

x5

oF

ol o

+
a

<2 56.3%, o

ofn
N
N

ol

13

- 199 -



o2 J}gAe)st GA2/PUSY HYSS nfo] 32740 Hrteko] AX|H(BIM)]
ols) 7tgAelE Ga2/PUSY BYSUct B4 =on, FuAEAHA 7 das

T35t e At 15] AEiSo] 2o 24 8S SAsHT 2ejLt
o

=
T 2agol 45| Yk deol $AE ofo] 3240 sl 2y
g Zoz Zoldch wepd AT ZALUSPMOZ JFEAAY ULE/PUS
W HgTe Agol 02 Yrde ANE Bast 92 oz ARdd.

- 200 -



Table 2-40. Antimicrobial activity against S. aureus and K. pneumoniae of
microcapsule-treated nylon/PU knit (BIM) depending on laundry

repetition
Microcapsule Bacterial reduction rate (%)
L
(%, owf) auq@ry Staphylococcus aureus Klebsiella pneumoniae
repetition
Control - - -
| =& {Control samla), After (B £ 1) h
0 99.3 99.3
AE® ( Test sample | After (18 £ 1) h, 8
1 99.9 99.9
60-15
5 95.6 95.6
M2 [ Test sample ) Aftar (18 + 1) n, #5
10 90.7 94.6
AlEE D { Test sample ) After (18 & 1) h, #8
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Table 2-41. Antimicrobial activity against S. aureus and K. pneumoniae of
microcapsule-treated nylon/PU knit (SPM) depending on laundry

repetition
Microcapsule Bacterial reduction rate (%)
L
(%, owf) auqqry Staphylococcus aureus Klebsiella pneumoniae
repetition
Control - - -
EERE(Control samole), Alter (8 £ 110 |
0 94.6 97.8
A &2 ( Test samla ) After (18 &£ 1) b, #5 ]
1 95.4 89.7
60_15 AMBIE | Test sangle ).After (18 + 1) h, #6 MEM ( Test sanple ) Alter (18 = 1} h, #6
5 46.6 86.0
ME® [ Test cample ) Alter (18 £ 1) h, #5
10 56.3 87.9
MBI ([ Test sample | After (18 £ 1) h, #6 ABE [ Test sanple ) After (18 £ 1) h, #6
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