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Abstract

The purpose of this study was to evaluate physiological response and subjective sensation of functional
knitwears with different materials and designs. The three different types of knitwears were knitted (polar-
neck with cotton/chitosan-C, V-neck with cotton/chitosan-CV and polar neck with cotton/chitosan/silver
yam-CS) and evaluated by four healthy female subjects. Eardrum temperature, mean skin temperature,
clothing microclimate, and heart rate were measured in climatic chamber(30°C, 50%RH, 0.5m/sec). The
results were as follows. 1. Eardrum temperature was generally evaluated as lower in CV and CS than in C.
Mean skin temperature was lower in knitwears with silver yarn than in knitwears without silver yarn.
2. Clothing microclimate temperature on the chest was lower in knitwears with silver yamn than in
knitwears without silver yarn. 3. Clothing microclimate humidity was generally lower knitwears with
silver yarn than knitwears without silver yarn. 4. Heart rate was lower in knitwears with silver yarn than in
knitwears without silver yarn and lower in V-neck than in polar neck. 5. Thermal sensation was slightly
warmer in knitwears without silver yarn than in knitwears with silver yarn. Overall comfort sensation was
evaluated as more comfortable in CV and CS than in C.
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oug A% HA A2} HE JRFe s} )
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2001). =3 94 2 A EHes} AP whgol| g5
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2 EL A 3 AloloA ¢lAle) A&z
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B9} o By 2 2gnby So) wa} gt
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Table 1. Physical characteristics of the subjects

ok, 2005 +3FE, $vE, 2005 o|AE, °l&F,
2003; Aok, FEAL, 2005). )@ E A7 AAo
2 UEAAE dAH gE A7 H84e] &
H3 Aok a2y dA7R A% AF ALRAE A
23 998 7154 YEYIE Fee o veh}
< A9 Aeke 2 A7 g AAAQ AT
7t Ao QA ke Ao}, mpEpd B A
Me AN UEgAY Ay 2 7isa
Ao WE 2T 8 27 JolE H|
T el goeM 2Ae 75 e e, oA I
AL w9 F Je A% A48 UEAZE ALY 7z

ARE A skt gt

IL. o4t
1. O #Xt W &e| x4

@A 0723 4 A2 48024 AA A 54
2 <Table 1>3} 7} F @=L Ha A7 2321.24], A
% 49.5£2.4kg, A7 162+3.8cm, BSABody Sur face
Area) 1.472+0.1m> 2 BMI(Body Mass Index) 18.86:
0.6kg/m’oIt}. 3@ ] 2o 2AL Fig. 159 Vet
R 720) 71574 A9} S BHHE h=A dfof Az}
3t wkAnfAle]l YE o] 32Fo|th Control HE o
2 WA de] UESof C¥ A EA EX4df/polar-
neck)s A F3IHoH, LAle Ao TP E vEA
A 23 CVE (A7) A E9H-5/Vaneck)?, 7| 3 E)
= 23 2AE 92A & cSE @A) EAN A polar-
neck)©.E FAFAT NFHE S} Al S REA
2 <Table 2> UERH A3} 2t} 359 UEY o
FEeME APLR sion 7jEoiozA Hy
Aoje} WE| & Zhzt 23 A2, Hodas) o
3= 3.

s1 2 48

) 2 48 164

$3 24 49 160 1.460 19.14
sS4 24 53 166 1.548 1923

*Body Surface Area(BSA)=W(kg)"**xH(cm)***x88.83
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C(control)
Polar-neck

CcvV
V-neck

CS
Polar-neck

Fig. 1. Experimental knitwears.

Table 2. Physical properties of clothes material

Materials(%) cotton 97%+chitosan 3% | cotton 97%-+chitosan 3% cotton+chitosan+silver
Khnit structure cable tuck cable

Yarn count('s) 30.3's/2 30.7's/2 29.0's

Fabric density (/inch) 25%25 25%x18 24x27

Weight (g/piece) 174.3 180.2 178.5
Thickness(mm) 2.88 1.50 292
Thermal properties (%) 30.5 24.9 23.0
Moisture regain(%) 5.03 5.27 749

Air permeability (J/em® * sec) 0.09 0.10 0.10

2. AEUH

2492 712 30°C, §% 50% RH, 715 0.5m/sec
ol3l2 AP AF7|FANN Ao RE ©
ARl Wl AL 5 WA ukgo) vXE U5
9 ST uiAE] fsle] FU3 A7ithel) gol
AEE AR B3 B 2A 9 AAAP B T3
2 2 71ol| w1z S Eol7] Yste] PR}
A 2o e EHFQA BRE ATHA 2t 19

A= YA ol P AAE ANE AR F AFL =

AL, SN E FasE T APRS 225 Bl

ok A2 &5 A 9P 7] (Rest) 208, 2% 7) (Exercise)
oo =

208, 25 F 3 E7)(Recovery) 20222 F 6087+ A
AT $F2 EFTHUE AgE 2% A:
Skm/hel 7] 288 2087 AN EA 2 slgAie
ME e & 22 A7 g 33 Fosigon
13] AJZbe] AQE AJ7HE oF 2A)7k0] AT}

Fohg ¥H-LE 24 7)1LT8A, Gram Corp.

Table 3. Scales of subjective sensation

1 | very hot very humid comfortable

2 | hot humid neutral

3 | warm a little humid | slightly uncomfortable
4 | slightly warm | not both uncomfortable

5 | neutral a little dry very uncomfortable

6 | slightly cool | dry

7 | cool very dry

8 | cold

9 | very cold

Japan)E AHE-3Had 715 (chest), “3H(forearm), T # (thigh),
8= (leg), 5-(back)S 248}, Ramanan-than®] 4733
<4 1>9) ojs) B AF-E(TorE AISIAT

Ts=0.3Tchest+0.3Tforearm+0.2Tthigh+0.2Tleg <2 1>

o]2h2-(Eardrum temperature)< A2 (Braun Ter-
moscan RT4520)F A8-3to] 2% ARH A|&3o 10
HE oz 24T, o8y 73 e 8% &
A X (LTSB, Gram Corp. Japan)E ©]&3ka] 71&
-t o i Atolg 11 AR H& 2
A Wk A4S QHA| (MF-39, Mark of Fitness,

Koy

L=
I
R==4
Q

°

— 1647 -



162

Vol. 31 No. 11, 2007

INC. Japan)E ©1-83t] 3, A dsh & Wurg 10
£ 740 St F84 e 297, ¢
Z A7 ' o2 st on 108wt} W Ea}
A AR SEE 7SI <Table 3>0) UEh
27 o] 2He o Ak, a7 7H A=,
A& 54 H=E Yok

L =

4. EAIMz|

B dFoA ode RkEE SPSS WIN 12.02 o] &3}

of 7zt g st HAZACRFIE C vs CV,
2 C vs CS)l| w2 paired t-testS AA T

III. 23 3¢ D&

1452 % W

se

<Table 4> 7154 UEH ] 32 7F(C, CV, CSHE
Z2389S do £5 AF by H P2
V7o g @ XFAUXE Jehd otk AR

Table 4. Results of measurement for temperature and humidity in different knitwears

c 33.2 (0.33) 33.0 (0.42) 33.4 (0.28)

MST (°C) cv 33.2 (041) 32.9 (0.52) 33.3 (0.48)
cs 33.0 (0.32) 32.8 (0.52) 33.2 (0.37)

T C 34.8 (0.72) 351 (0.61) 34.7 (0.55)
((fg;‘ cv 34.9 (0.70) 34.7 (0.60) 34.7 (0.45)
cs 34.9 (0.36) 34.8 (0.49) 34.4 (0.35)

. C 32.8 (0.37) 321 (0.62) 32.1 (0.46)
Z‘;’g)"“ cv 32.5 (042) 31.9 (0.59) 31.7 (0.53)
Cs 31.9 (0.82) 31.7 (0.70) 31.7 (0.60)

- C 32.5 (0.37) 32.1 (0.49) 33.2 (0.64)
(“g)“ cv 32.8 (0.49) 323 (0.77) 33.3 (0.99)
cs 0.4 (077 32.1 (0.79) 33.1 (0.91)

T C 32.3 (0.26) 32.4 (0.60) 33.6 (0.33)
(‘Cg) cv 32.4 (0.41) 32.3 (0.81) 33.5 (0.65)
cs 32.3 (0.45) 324 (0.91) 33.5 (0.47)

T C 34.2 (0.50) 34.5 (0.39) 33.6 (0.70)
("é‘)k cv 34.5 (0.72) 34.6 (0.77) 34.2 (0.87)
cs 34.4 (0.47) 34.5 (0.35) 33.5 (0.44)

] C 33.8 (0.51) 34.1 (0.50) 33.8 (0.39)
Tcioge“ cv 34.1 (0.67) 33.8 (0.63) 33.9 (0.47)
Cs 34.0 (0.75) 33.8 (1.04) 33.7 (0.64)

] C 33.4 (0.42) 33.6 (0.58) 32.9 (0.51)
Tczo'é‘;Ck cv 33.3 (0.70) 334 (133) 332 (1.21)
cs 33.4 (0.52) 33.5 (0.67) 33.0 (0.71)

] c 36.2 (4.82) 456 (16.8) 58.0 (13.2)
Hct,,/?:;e“ cv 37.1 (7.38) 433 (13.8) 565 (17.6)
cs 353 (3.27) 425 (11.4) 56.9 (16.2)

] C 35.4 (3.88) 486 (19.3) 61.1 (17.2)
Hcg,;:;‘ck cv 38.3 (7.46) 48.4 (19.7) 66.2 (24.2)
cs 33.6 (3.85) 473 (147 58.1 (14.7)

C 36.9 (0.08) 36.9 (0.08) 36.9 (0.06)

Ea;,‘g'm cv 36.8 (0.17) 36.8 (0.11) 36.8 (0.12)
Cs 36.8 (0.17) 36.8 (0.17) 36.8 (0.16)

*MST(°C): mean skin temperature

*Tel-chest(back)("C): Clothing Microclimate Temperature on the chest(back)
*Hcl-chest(back)(%): Clothing Microclimate Humidity on the chest(back)
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<Fig. 2> 7154 UES ] Fozad oo
o] AAEE e 2o 2 cse cvrt A 72
oA A= cET} oF 0.1 ¥A Jeistth o B3
2] &k Aol & AHE7] 8] Co} CVell et paired t-7
& ANEtA fRlAE AEENn 32 )0A Ho)
vl=ZE e Cv7t HEE A Q) CRT folshA @A
Y= (p<0.05), °l= CV7L Bolulagozy ¢
Hoh £E59 JiEU Won AAle FA) v B
71740l =27) wjolgta Yzteth

<Fig. 3>& A|7+9] Ao WE B HRee ¥
BE 5% 7HH2= AAF Aot} 3FF JUE ]
EFA MR7lee ARH oz Aoty 957
e dAZ Astdon B tha] HAHA
ded BYo 284 3579 YEAY =% H7
HRLEe] HPPEY 315~33.5°C d9o = et

375

C:CV *p<.05 ~-o-C -0~CV —<—-CS§

*

Eardrum Temperature(°C)

%5 REST | _ExerRcisE | RECOVERY |
0 10 20 30 40 50 60
Time(min)

Fig. 2. Changes in eardrum temperature. p<.05 indi-
cates significant effect with paired t-test.

34 r CiCV *p<.05 **p<.01
C:CS °p<.05 *p<.01

*

-0-C -O~CV —-CS

Mean Skin Temperature(°C)

2 [ REsT | EXERCISE__ | RECOVERY |
] 10 20 30 40 50 80
Time(min)

Fig. 3. Changes in mean skin temperature. p<.01 and
p<.05 indicates significant effect with paired
t-test.
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AF 239 CS7F A 23EA] & cE giA
23 gtk S 7ol €8(33.0:0.32°C)7F C
(33.2£033°C)x2.t} A Veh $571(32.8£0.52°C)
9} 387](3324037°C)NH = CS= C9 £57](33.0x
0.42°C)¢} 3)871(33.4+0.28°C) B} zHz}h A el
sk, ol gt AsfdllM A Z3E CS7 £At
EEER Fe CRY MI3AM O 22 H7 3
F2g el AE & 5 Uk AFol, B
2006y SUELA S B AN At =g
YEALA 7 HUELA Y ¥sle J88 oFiAz
A sier B Ao 249488k a2
Holl A A UELA7} A58 oFaiz A
A F UTh AEFEE Hg ARLe AolE
7] 93 "B 249 C9 CVE Hlmsh
Z3, 25719 38710 2k CVe 32.9:0.52°Cst
33.3:0.48°CEMA C2] 33.0£0.42°CS} 33.4+ 0.28°CET}
A VERT

35 1 Ciov pe.05 *p<.01 -0-C -+CV ~—CS
C:CS “p<.05
5
g
2
o
[
Q
£
O
|...
33 [ ResT | EXERCISE | RECOVERY |
0 10 20 30 40 50 60
Time(min)

Fig. 4. Changes in clothing microclimate temperature
on the chest. p<.01 and p<.05 indicates signi-
ficant effect with paired t-test.

3457 c:cs *pe0s -0-C -0-CV =~CS

o)
L
@
2
o
[7]
Q

qu O

L

[ " ps

~
3251 REST | EXERCISE | RECOVERY |
) 10 20 30 40 50 60
Time(min)

Fig. 5. Changes in clothing microclimate temperature
on the back. p<.05 indicates significant effect
with paired t-test.
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gl5t7] 93 cof €S9 HlwAdF SF7)dA LA}
7} TFE CS(33.6~33.9°C)7} AL 2 E A ko
C(34.0~34.2°Cyell H|3] B 71&e 57} 8931
SA G A (p<.05) 24T 288 7154 UEY
o7t MEBANA AAE | HH3s1A §A3) = &
Atk AL AT & o). o) LA 2344 A
§ 29 dHEE0] T BVAAE $53817] wZo]
T AR FEE ZolE A EW g9} 3
E7]94 Boldage] cve BEgu|ade crt
AEY 7IFLE7 BA YEREo Y 257 dME 9
8l3 Cv7F CHTE f-931A) VAl Vrebstth(p<.05).

<Fig. 5>01A] A|7ke] ZHzol] WE QB Fo
HAZ £57|90A sditir) 32 7)oA 7HAas}
RS e 2lom, A xjole) w A &
F7101A LAY 23 CS7F A TEER] oo
CHT Rol8tA] @A Jeldthp<.05). deid o=
Y F2% xo)E HWEEA CV/F CRY tiA =
SA GEREA R &5 3 38 |dME cvr cRoh
2388 o =4 velgt) o|AL eVl ol HlE) &
71740l AR, AAle JdFET JHe) Qx4 U
ALt G AN 5 F Folzl A G whatol
oA vehr] il Ao 2 Azbdrh. =, o9}
FHHAAME o5 AA AT} e BYud
BAHHOZE Folr FA 5713 wilo] 2ty o
E2AE O F550 8 FEF) 7 9
ARl B 529 H5EAE 2P Ao A
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o e fff

2) 2=l &
<Fig. 6>& 7154 UES] ez 7t
91o] B & WS 5B 7o = el Aoz
AIZEe] Z3te] mhet 25719 30% o)l oEy &
%o 371 AFE Holtrt sBeN Fadte 3Y

o] vebwith. EE5¥ /ATE FEL B EEE
o vXE 9% BAHLE FoR fe A=
eyttt

<Fig. 7>& ¥ F&E=9] H3lE ved Aoz
o5 TtesE 2E 2o} Hs2g WA Boln
5719 &AM, 8 FeE fo8 AojE e
Atk 2N Ao|E Auigd, 27 X34 €SO
SAE 2EER] gL o H|gle o8 B5ET)
HAZ o GHA Jesdth S EF e nE o Ey)

80
70
60
50
40

Humidity(%)

301 -0-C -0-CV —<—CS

20

1oL REST [  EXERCISE | RECOVERY |
0 10 20 30 40 50 60

Time(min)
Fig. 6. Changes of clothing microclimate humidity on

the chest.

80 1 C:CV *p<.05

C:CS °p<.05 *p<.01

Humidity(%)

30
2 -0-C -[+CV —=—CS§
10 REST [ EXERCISE | RECOVERY |
0 10 20 30 40 50 60
Time(min)

Fig. 7. Changes of clothing microclimate humidity
on the back. p<.01 and p<.05 indicate signi-

ficant effect with paired t-test.
100
C:CS °p<.05 ~-0~C -+CV —=—-CS
’E‘ *
\'% 0 O\O\O
8
¢
=
70 REST | EXERCISE | RECOVERY |
! 10 20 30 40 50 60

Time(min)

Fig. 8. Changes in Heart Rate. p<.05 indicates signi-
ficant effect and interaction with paired t-test.
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very cold
cold |

cool |

slightly cool |
neutral
slightly warm ¢
warm

hot |

very hot 0

-0-C -{+CV =~CS

REST [ EXERCISE | RECOVERY |
10 20 30 40 50 60
Time{min)

Fig. 9. Changes in thermal sensation.

veryary -0-C -0-CV —-CS
dry
a litle dry
not both {
a little humid -

humid

REST [ EXERCISE | RECOVERY |

10 20 30 40 50 6C
Time(min)

very humid
0

Fig. 10. Changes in wet sensation.

very

uncomfortable |
-0-C H{+CV ——-CS
uncomfortable |-
slightly |
uncomfortable
"e““'wm
comfortable REST | EXERCISE | RECOVERY |
0 10 20 30 40 50 60

Time{min)
Fig. 11. Changes in comfort sensation.
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