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Abstract

The purpose of this study was to investigate hygienic and comfortable properties of socks.
Materials are nine summer socks either frequently being worn or new products recently
introduced to market. Three female and three male adults participated in this study. Through

. wearing experiment, the numbers of microbes on foot and sock were counted and subjective
sensation was measured. The microbes were isolated and identified based on growth
physiological characteristics. Nine different socks had smaller number of bacteria of sock
than that of foot. The number of bacteria of sock was significantly related with that of foot
in cotton socks, in piled cotton socks, in mesh cotton socks, in cotton+nylon+linen blended
socks, in nylon socks. Total number of bacteria of uv cut finished socks was most small and
total number of bacteria was increased in the order of ultra fresh finished socks, untreated
cotton socks, nylon socks, cotton+nylon+linen blended socks, mesh cotton socks, polyester+
nylen+-linen blended socks, piled cotton socks, cotton socks. Total number of bacteria of
cotton socks and piled cotton socks were significantly different from that of uv \qut finished
socks. Finished socks and socks has high air permeability had significantly small number of
bacteria. Comfortable sensation in nylon socks and polyester+nylon+linen socks was
significantly uncomfortable. The way socks finished and air permeability of socks affected
their hygienic property, while fiber type of them affected comfortableness. Bacteria identified
were Staphylococcus aureus, S. auricularis, S. cohnii, S. epidermidis, S. haemolyticus, S. hominis,
S. saprophyticus, S. warnery, Acinetobater calcoaceticus bio. anitratus, Pseudomonas mendocina,
P, paucimobilis, Flavimonas oryzihabitans (CDC Group VE-2), and Xanthomonas maltophila.
Fungi isolated were Spicaria sp., Thrichoderma sp., Fusarium sp., Aspergillus sp., Epicocsmh

" sp., Cladosporium sp., and Penicillium sp..
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Table 1. Fiber content of sock samples

Y Fiber contents (%)
Socks —
Cotton Polyester Nylon Linen Spandex

uv 75.5 21.3 - - 3.2
UF 75.5 21.3 - - 3.2
uc 75.5 21.3 - - 3.2
N - - 100 - -
CNL 45.8 - 28.9 22.1 3.2
MC 78.2 - 21.8 - -
PNL - 64.8 25.1 10.1 -
PC 68.7 1.3 - 4 -
C 67.4 29.0 - - 3.6

1) UV ; UV cut finished socks, UF; Ultra fresh finished
socks, UC; Untreated cotton socks, N ; Nylon socks,
CNL: Cotton+nylon+linen blended socks, MC;
Mesh cotton socks, PNL; Polyester+nylon+linen
blended socks, PC; Piled cotton socks, C; Cotton
socks
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Table 2. Physical properties of sock samples
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Table 3. Wearing order of socks

Physical properties

Socks?
Moisture Tegain  Thickness  Air permeability
(% (mnm) (em¥/sec/cm?)
uv 72.8 1.356 113
U¥ 72.8 1.356 113
ucC 72.8 1.356 113
N 25.1 0.320 521
CNL 66.2 2.199 15.6
MC 30.2 1.375 62.6
PNL 28.8 0.572 333
PC 43.3 1.651 68.6
Cc 84.0 2.210 - 19.6

1) UV ; UV cut finished socks, UF ; Ultra fresh finished
socks, UC; Untreated cotton socks, N ; Nylon socks,
CNL; Cotton+nylon-+linen blended socks, MC;
Mesh cotton socks, PNL; Polyester+nylon+linen
blended socks, PC; Piled cotton socks, C; Cotton

socks

Order
Date
Right foot Left foot
Oct. 18 uvy UF
Oct. 20 PNL CNL
Oct. 22 BC MC
Oct. 25 N uc
Oct. 27 C C
Nov. 1 ucC N
Nov. 3 MC PC
Nov. 5 CNL PNL
Nov. 8 UF uv

1) UV ; UV cut finished socks, UF; Ultra fresh finished
socks, UC; Untreated cotton socks, N ; Nylon socks,
CNL; Cotton+nylon+linen blended socks, MC;
Mesh cotton socks, PNL: Polyester+nylon+linen
blended socks, PC; Piled cotton socks, C;__Cotton
socks
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Fig. 1. Sampling area of microbes for counting
microbes.
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7] : Potato 200 g, Bacto-dextrose 20 g, Bacto-agar
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Reading result

Fig. 2. The procedure for identification of bacteria
using VITEC system

18~24 417 Fok A& whekstgieh
(2) 2=2@A (Gram staining)
e awlekd mi= aPg A of 2.3
2 ARG o3} o] AA|BH T,
7t Colony & Slide glass 918 &F4ol 24 2
EO3ES BFo) 4 W BN AH x4z
Solution A (Crystal violet 1.0 g, %< 100m{) &
ok 24k t5hed 287}k Aelskgich lodine mordant
(Iodine 1.0 g, Potassium iodide 2.0 g, %55~ 100m
H=z A5t lodine mordant & 247t wlxshgich,
227 FH4E AR O FXR EVE AAS A,
Decolorizing %olvent(Fthylether—acetone, 1:3 vol/
vol) B 20~30 27 B437] & FR4 2 oha] HFHE)
Frh FEE F¥] Feld =8l & Counterstain
(Safranin O 2.0g, F%4 100mH) o= 3027 24
HETh B FRSR AAL 3] Pl AZ:Ee
wr}7 (AC-7-10-3, Olympus jit#4, Japan, X400, X
1000) o o3ekd, &4 9%, 79 9 % 27)%
LA
(3) M| - Mapsts 71X Test
ok F2 Catalase test'®Z

ru,m

27] A%l

AAsth 3%

LEAD BV S C T

o) @ %

(vol/vo]l) H:0.2 NA plate €& A A=
skl o 7 A o},oﬂ

3 Wojma, 72 44T AT o
o}, o} A7) okdyd A% Coagulase test'™ 5 44
)93tk ¥2 Trypticase soy broth(Tryptone 15g,
Soytone 5g, NaCl 5g, 74 14 o4 37C & 244
7k wlokdl & 500 pf-S Hled, A7) Aedf= 59 3
A% x5 €24 (Bacto-difco i) 500 ufst £ F
37°CH wloFr)el) o] whg-g WA 0% o]
of Fastal 7ekAl, 4~24 A1k ool St o
o2 fAstyc)h Catalase test Aabrl &A1Y 735
AAEgid. £5FE Blood
agar (Trypticase soy agar with sheep blood) ¥} =]l
37C 2 2442 et 3, AT A% 297 Ba A
] gio{ =4 73_%3 OLA o7 y.].ﬂ-‘—].oﬂ 1:]-_
- L A F-L Oxidase test'®E AAlELAch, o TR
o Oxidase test reagent(1% Dimethy-p-pheny
Hojmal &, ATE
Repdos WY A¢

B-hemolysis test™® %

lenediamie solution) & ¥ whg
olzpale]l E& of 10-15 % ake]
Z ofAd o= By she e

(4) VITEC system 2 0[&3%t M+ S8

12X 75 mm A|@A-5L VITEC filling stand o] ¥
3, 0.45~1.5% 9 279 4245 1.8meH $)5
drh 2id HRo=E AN ]ﬁ-o— Atk # 51
Ao mEA 4o 27 A TE #0.5 Mc

< #1 Mc Farland

standard &} &g}z 7} 258 sglty, Transfer tube
o % Card o) 3, & L& AWl w2
it 7_‘,- -7}53 Filling rack of %3, Filling mod-
ued HEAA, AYBY AT FSAL A= 2
Cellof] a5ich, #t Filling stand 5 Sealer module o
Yo, 7l=% =¥y, JEE Reader/Incubator
tray ol 41 wjoksted 16~24 A7 F A8 85% ©]4h<]
dlol8 5 AT AE A= siedh

Farland standard, == &4

i AFEE PDA IR o] &4 25C oA <
7% Bﬂ‘%ﬂ‘}iﬂ: Foia FEL wkEo Hu)7d (AC-T-
10-3, Olympus wt#, Japan, X400, X1000)°o= +F
AR A, 22 Y AElE TR HejsiEe
z %7‘4?7}93\4 e, A3 59 EAL wjR Aol M §
bk aksted Ahasle] o),

<
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oft A9 AT S LA FEA AT
= ASHRAE S RAAA 757 Hez2, sfH7
A BAZEHNEE S 594 Az g5t
AR,

6. EH =M

7t =R HE SASE o] fdled, GLM ¥4 %
Duncan & wEAAL ALk AfAE AT
(Block) &, F2hg 2H43 ¥(28d, 9¥)& F7%
ol (Main-plot factor) 0.7, A# od& Aol
(Subplot factor) 0% wixgle 23 L;Luﬂ A4 (Split-
plot design)-2 o]&3lyich Ay onEe F213 5
Aol whe} lAfEoEges #|lwste] TG
3, BATS, w2y A3, gl A2t At

o gl
4 Abols] 4RTUAF Pearson 4oz FATSE,
m #H Y nF
1 bR Re Mol UE U AUy

obnt 244 AEHE ATSe AGAE Abojel
o3} zto]& »glov (X 4, Source: Subject), £

Table 4. Analysis of variance of number of bacteria
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Wof| #&3dle] 22 vlo|E s} frtel] ahESle] A T
ol Bl &= ol 3hA ch= A 9gtri(Z 4, Source: Feet).
e BYRe AEE uk Abololl mE ARl Qv
Ao velgteh oha) @b, g W] SPAE d
o7 92 AW Ag Fol A doHE szile
o] §-218kA4 ot AaE el cH(E 4, Source:
Subject® Feet), ZA 749 7S, Adokd 7lo) 4§

93 A o ARem Velgew(E 4, Source:
Socks), -8 WH(LEu/A o] %)} Aokt A}
olol = & zgol

gl ,ﬂgi LJrE}.‘ngHEi 4,
Source : Feet# Socks), kL
£ #yl d+1y ‘:74]71\‘4\— —‘fv:’%:lL w A o] =z
Reg AsHY, HiHA) 5

& AgAA 7} A P 7,&2,5'—_ AR,
o

A #H8AY AN wEse] HFaap ofute] A
Fh AFF, o £% T FATFE el T
soich (29 3] Aok A & wI IS} ok
ol NH G ATE kg clo)ct, EA Aot
gl AEsh i 453 Z Ao et
or, o) Arpe nE Adokdels TATg,

BES G AFFe AR, dUES
o, vrbgEers, iUk, WA ER 4t
oy, 3ERAAGY, THolaH Ay

Total Foot
Source - - -
DF 38 MS F DF 35 MS I
Subject 5 1.03273x 10 2.06545x10" 8.02"** 5 5.51834x 10" 1.10367x 10" 4. 46"
Feet 1 1.53463 10" 1.53463> 10" 1.30 1 7.80016x 10 7.80016x10" 1.30
Subject* Feet 5 5.90942x 10" 1.18188x 10" 4.59*** 5 3.00204x10"  6.00409x10 2.43*
Socks 8 4.41109x 10" 5.51386x10" 2.14* 8 3.65132x 10"  4.56415%10" 1.85-
Feet* Socks 8  2.59070x10" 3.23837x10™ 1.26 8  2.47635x10M 3.09544x10%" 1.25
Contrast DF 58 MS F DF SS MS F
(UV, UF)Yvs N 10
X 1 1.45395x10% 1.45395x10" 5.64* 1 9.80416x10' 9.80416x10* 3.97*
(The other socks)
UC, N, PNL) v
( ) s 1 1.12820%10% 1.12820x<10"  4.38" 1 1.09494x10™ 1.09494x10" 4.43°

(CNL, MC, PC, C)

p<0.1 *p<0.05 "*p<0.01 *"*p<0.001

1) UV ;UV cut finished socks, UF; Ultra fresh finished socks, UC; Untreated cotton socks, N ; Nylon socks, CNL;
Cotton+nylon+linen blended socks, MC ; Mesh cotton socks, PNL; Polyester+nylon+linen blended socks, PC;
Piled cotton socks, C; Cotton socks, The other socks ; UC, N, CNL, MC, PNL, PC, C
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2 Aoz vehgeu 28 B=A GoieHE 5).
FATEE ASIAADRER, FHEAVTIL,
o)yl e ek, vl Eokut w41} Z 4obEubokal
3eBARGY, Lofolan|atrbd ol Eubop,
slelziorn, Qiods] Az & Aoz vehd
% o & YuRerds B 243471 7
HASAADIBLUS SAEE G m Hole

ol HUT HIRE vsted, EHAREL
EOILH 4 QR EILE AR 774 4
ot A B4} ol AEGHE AFS Apolo]

F19 BA4RE Mg GUTS teet

Source : Feet Socks

Fig. 3. Bacterial colonies from feet and socks grown on
Nutrient Agar plate for 3 days at 30C

Table 5. The number of bacteria of foot and sock

Number of bacteria?

Socks?
Foot Sock Tota]®
uv 25,221+ 28,4117 7,474+ 20,020 32,695+ 41,794
UF 54,038+106,388% 2,506+ 4,015 56,543+107.140%
uc 42 408 45,359 18,0614 50,175 60,469+ 76,166
N 36,776+ 41,518" 31,5122-105, 040M 68,288+139,991°"
CNL 96,107211, 208" 9,818+ 27,101% 105.987 =237, 864%°
MC 107,300+205, 418" 8,740 19,589% 116,040 224,773
PNL 132,052141,030" 10,570+ 11,978 142,622 £145,652°°
PC 183,096 245, 756™ 11,052+ 19,539™ 200,013269,473°

C 186,908322,313™ 16,135+ 46,921 203,044+361,184°

D Bacterial colony number / cm?

2 UV : UV cut finished socks, UF; Ultra fresh finished socks, UC; Untreated cotton socks, N ; Nylon socks, CNL;
Cotton+nylon+-linen blended socks, MC ; Mesh cotton socks, PNL ; Polyester+nylon+linen blended socks, PC;
Piled cotton socks, C; Cotton socks

® Values are mean£SD

4 N Not significantly different

® Superscripts with same alphabets are not significantly different at p<0.05 by DUNCAN’s multiple range test
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Table 6. Analysis of correlation of number of bacteria

Pearson correlation coefficients

Socks?
Total & Foot Total & Sock Foot & Sock
uv 0.906"** 0.800** 0.473
UF 0.999*** 0.205 0.169
UcC 0.773** 0.819** 0.269
N 0.885""" 0.982**" 0.784*
CNL 0.999*** 0.985"** 0.981**"
MC 0.999*** 0.989*** 0.986"*"
PNL 0.997*** 0.420 0.349
PC 0.998**" 0.666" 0.622*
C 0.997%"* 0. 848"‘ 0.805*
- p<0.1 *p<0.05 **p<0,01 ***p<0.001

D UV ; UV cut finished socks, UF ; Ultra fresh finished '

socks, UC; Untreated cotton socks, N ; Nylon socks,
CNL; Cotton+nylon+linen blended socks, MC;
Mesh cotton socks, PNL; Polyester+nylon+linen
blended socks, PC; Piled cotton socks, C; Cotton

socks

slEulekal, 32WA ok, sholz]opil
ol 4 LF o] AF4e} ofube] ZAEIE M T4 Aol
of fo g AA4BE 2gH(FE 6).

Aol A Afelrhgokat AEA)e FAFEFIL Ay
2 7h Agm, AR F44)Y ofutol 2
e ATt Addd 5 7k Asidi(E 5), el
7hA] Zigekdst vz 771R) A@okuhg Al
Ecjujos vad Ax, b AT FY g4
A Fst wE A Adert FoA e Ao
vl oH(p<0.05) (X 4).
o) EaEr}t vnd e ofu(v)yhEHokil vl
2opn), Fe)ol|ab 2+ 1bd EoHE R | 113 cm?/
sec/crnz ol 3 7 SEst vlaA e T (d+
L].Q‘.h—_-}-u]-@uol-ol:u?_}- 33.3:]7_._];1401:‘:'_1_}- _:;]_oéz_]u:]oktg-
dubriekak | 68.6 cm’/sec/cm? o] 3}) & REAAS
oz wwil A9, FIIFHE} L 2 e
o ZAFSet EH MF4IL FosA He Ao
E vehgte( p<0.05) (£ 4).
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UV UF UC N CNLMCPNLPC  C
socks .

I : comfortable B : indifferent
: uncomfortable * very uncomfortable

UV; UV cut finished socks, UF; Ultra fresh finished
socks, UC ; Untreated cotton socks, N ; Nylon socks,
CNL ; Cotton+nylon+linen blended socks, MC ; Mesh
cotton socks, PNL; Polyester+nylon—+linen blended
socks, PC; Piled cotton socks, C; Cotton socks

Fig. 4. Comfort sensation of socks
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Table 7. The results of VITEC test on bacteria
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Gram Positive Bacteria

Gram Negative Bacteria

Type* Type®
Test Test

1 2 3 4 5 6 7 8 9 10 11 12 13
Peptone Base + - - 4+ 4+ + 4+ 4+ | DP 300¢ - = = —
Bacitracin + - + + + + + + | Glucose(Oxidative) + 4+ + + +
Optochin + + + + <+ <+ <4+ 4 | Growth Control® + + + + 4+
Hemicellulase + - - 4+ — 4+ — — | Acetamide - - = = =
6% NaCl + + + + + + + + | Esculin - - - + +
10% Bile® + —-— + -+ 4+ -+ <+ <+ | Plant Indican - - 4 -
40% Bile® + - 4+ + 4+ + 4+ + | Urea + - - = =
Esculin - - - = — = — — C(Citrate + + + -
Arginine + - - — 4+ — — — | Malonate - - + - +
Urea + — — 4+ — + + + | Tryptophan - - - - =
Tetrazolium Red + - + 4+ + + -+ <4 | Polymyxin B - = = = =
Novobiocin - — = = — 4+ 4+ — | Lactoxe/10% Lactose + - - - +
Dextrose + - + 4+ 4+ 4+ + 4+ | Maltose - - 4+ 4+ +
Lactose + — — + — + — — | Mannitol - - + + -
Mannitol + - + - + — + + | Xylose + + 4+ 4+ -
Raffinose - —- = — — — — — | Raffinose - - - - =
Salicin - - — — — — — — | Sorbitol - - = = -
Sorbitol - - - - — = — — | Sucrose - - = = =
Sucrose + - - 4+ 4+ + + + | Inositol - - - - =
Trehalose + — + — + + + <+ | Adonitol - - = -
Arabinose - - = - — — — — | p-Comaric + 4+ = = -
Pyruvate + - - - — — — — | H2§ - - - = =
Pullulan - - - - - - — — | ONPG" - - = 4 -
Inulin - = = = = — | Rhamnose - - - + -
Melibiose - - — = = — — — | Arabinose - - 4+ 4+ -
Melezitose - - — — = = — — | Glucose(Fermentative) - - = = -
Cellobiose -~ - — = — = — — | Arginine - + - - -
Ribose + —-— —-— — 4+ — — — | Lysine - - = +
Xylose - — — — — —= — — | Ornithine - - = = =
Catalase + + + + + + + + | Oxidase - + - 4+ +
Coagulase + —-— — = - — — — | TLA(Lactose)} + - - - -

® 1 Staphylococcus aureus, 2 S. auricularis, 3: S. cohnii, 4 : S. epidermidis, 5: S. haemolyticus, 6 : S. hominis, 7: S.

d

L

f

saprophyticus, 8. S. warnery

9 : Acinetobacter calcoaceticus bio. anitratus, 10 : Pseudomonas mendocina, 11: Flavimonas oryzihabitans(CDC Group

VE-2), 12 : P. paucimobilis, 13 . Xanthomonas maltophilia

Equivalent concentrations
Components : 2, 4, 4-trichloro-2"-hydroxy-diphenylether

Detemine if the inoculum contains organisms capable of growing inenriched media, Components: Peptone,

Tryptophan

Fermentation O-Nitrophenyl-B-D-Galactopyranoside
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Fig. 5. Microscopic observation of Spicaria sp.(A), of Trichoderma sp.(B), of Aspengillus sp.(C), of Epicoccum sp.(D)
of Cladosporium sp.(E), of Penicillium sp.(F)
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