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Abstract The purpose of this study was to investigate changes in salivary cortisol content in 35 subjectsbefore and
after visiting Gotjawal Forest in Jeju. Cortisol raw samples were collected before and after visiting Gotjawal Forest
and were analyzed by salivary cortisol enzyme immunoassay. The period of the study was from May 1, 2017 to
June 30, 2017. There was no significant difference in cortisol content between the control and experimental groups
before the visit, but the value of the experimental group significantlydecreasedafterwards. The mean value of cortisol
in male subjects was lower than that of the control group. In the case of women, the value of the experimental group
was lower than that of the control group. The post-visit cortisol content of the experimental group was
significantlylower than that of the control group. In the post-visit analyses according to gender and group, there were
significant differences between genders, groups, and combined effects of gender and group. This study provides basic
data to prove the effects of forest bathing.
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SITH30]. Aardal & Holm[31]2 E}} HE]E9] 7|5
T-8to] Bak¢)al, Shimada et al.,[32]S ELISA
WS Mgt ool ATE Fst

AT= AT Aol g A7E s |

o

=L
A

21 ¢ i

AL AF o] Abe 408 e sl
AAR £4 A7) ARAFANE B Seta, A9
o) gl S HH3 thgAE oy SARA A5E
g 33t AR 359 0]t} o5

Z8sick B 5
A tlzol sT(eiAt 41, A )ell A, A TE 30
Bollen, Ak 144, A 1678 olalth. tdAk A
B2 A7 HH3 WES el A7l AAE ols)st
L, 2 gelsta A TolE 9 AWlS AR
AR Akl

22 A7 & H YT

AT Aas AFE WAk AAFEHATA
235 H2E2 2013)004 AAsglth 8713k 2014
959 197 E 649 309 4 3 Afole] AlAe] Wzt
o dAgALS skl

23 A7z * =7

Elol 22415 9]3k 2t 5= Salimetrics(PA, USA) 3]A}

Zb&zolt}, Cortisol standardst™ NIST
standard 2 3.0, 1.0, 0.333, 0.111, 0.037, 0.012 pg/dl<
AH8-3F9T), Microtitre plate(Coated with monoclonal
anti-cortisol (10X),

antibodies), tris-wash  buffer
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Cortisol conjugate concentrate  (cortisol

conjugated to HRP), MB substrate solution, 3 M Stop

enzyme

solution(sulfuric acid &-¥). control £2] non-specific
binding (NSB) wells(anti-cortisol antibody”} $1+= plate
well).  Precision micropipette(15 <} 25 ul =27)),
Vortex mixer, Plate rotator, Log-linear graph paper %
computer software for data reduction, deionized water,
1 serological pipette. EFA} 247 E&
Salivary Cortisol
No.1-3002, Salimetrics, PA 16803, USA) % Z#o|E
3+57]+= Spectramax 190 Microplate reader( 450 nm

pipette tips X

Enzyme Immunoassay kit (Cat

filter, Molecular Devices, China)E AH8-3}91
2.4 EfUHE 2

o & b 2
mlo o 2 &

o

i B =

o=

a9

220 o} WE7](deep freezer)oll &2
AHEEA T Table 1).

Table 1. Steps of saliva collection and analysis
step: 1 2 3 4 5
sub- prior saliva walking forest post saliva | Anal-
jects collection for two hours collection ysis
2.5 EfoY TE|ZO| ZHY
A R oAt 35 o2 A el
BHE Amd Z2R 2T BRBE 24T 2

T-4x(Seoul Medical Science Institute:
T SY1E13)0l M AT ARS

gt &5-E=Salivary Cortisol Enzyme Immunoassay kit
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(Cat No.1-3002, Salimetrics, USA)Z 231314 TH33].
Elecsys ZE|EEAS T2 BAFA S AT 247

ML Salimetrics $]AH33]2] Wi ARZ ofe}
T3k

A epel AZE 247} 25 ul A& w)H Rk Z9
o] E(plate)®] Z}7te] AGgk E(well) ol B 248 3
Aokl 25 ] 28] zeroE3} NSBAEH Fof ¥l
o} 28] 3L 1:1600= 3]2]3+ d-Aconjugate (15 pl + 24
ml assay diluent)} &3 o] vlZ 200 plS 335k
Z4zte] ZeolE Fo "WolERth pH A2 A 2
AZko] W= 332 E1r lﬂ“‘gl S0 whebA

A7) visbt )

pds

°
=

_’0,1
golE
slolg

'—11_
=
—J—UL_

ul«] TMB 9‘rzoﬂ S =0l
Z¥ 500 rpmoll Al E¢3%
2583 HI”‘] O]'

solution<

dolE Be Vﬂﬂol “101 Wiz, 102 o] =S
Microplate Reader2 450 nmolA] 543} th OD 3=
olg3te] HEE FFE HEFA(Fig. 1S o83t
i

2.6 SAEMY

WA SN AHAT Efe] RluiA FAAE
SPSSWIN 21.0 21218 ALg3te] HAs 9t} 3|4

Azl AREE FAAR AFEAEHE Juhd A7
W {7 Apols AT EY] fl5te] Huate] AF
ttest(S5 3, BANS AAskdeh debd AJolo A AbA
o] Fo3tAl Vb Aol A& TAIG F ALF] AT

o]z FHIHEA(ANOVA)S AAEIATh £ 79
ATEAL EF FoFE p<0silld A
3. Znt ¥ mF
2 AT WAEGESH) O] AFAS s I
817] A3t F9] Efdlcortisol HEFe] WEE FAMEE A

o] Bjolgiel,
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22l CortisolFe] ¥z}o] gt A+

3.1 ARl AU £

AFEe] AFsRs A 3570tk o] FolA
thzto] 57( A 4%, Al )l aL, A2 307
ojglom, YAl 149, oA} 167 | THTable 2). 17

= 40tjelA 60tel] o]2& FAZoIALE tlET

2 20th7} 19, 40th7F 19, 60th7F 39 0]9ieh Aat
& 40t7F 1%, 50Th7t 159, 6017} 147 0] Atk ol
ZF7} 50-60thell A|5¥ BFoltt.
Table 2. General characteristics of subjects

Group Age 20 30 40 50 60<

Control No. 1 - 1 3

Test No. - - 1 15 14

Total. No. 1 2 15 17

3.2 Cortisol2] E&==2M

2o =37
= =

A5 SAste] £ IA

AF 3 sEE0] FF al
) =
o

< Aetlnh. ¥ FE|E(Cortisol standards)®] 3.
=+ 0, 1.0, 0.333, 0.111, 0.037, 0.012 pg/dl= =}
393, Y2 mean valueZ A3 TH(Fig. 1).

e}
=

|

B/Bo "\\.\\
\\\‘
\\\\
"
\\
\\.
0.012 0.037 0.111 0.333 1.000 3.000
Concentration in ig/dL
Fig. 1. Cortisol standard curve.
3.3 &F|St EIH Cortisol 2ol =X

3.3.1 tix=F9| &M

gjzato] EldS A5t AR AF} ARd(Beel
=0.05 ~ 042 pg/dle] W9 SAEA L AF(AR)
E 0.14~ 0.68 ng/dle] MY E Z7tete AaFS Leh)
Ak iz APL-ARE FEJE Afolof dish HAS A
A3 A3k AL 0.19 pg/dl, AFE 0.34 pg/dlE YeRY A

F7F AR R A UEsken, Fo9E p<05 T
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AA frelgk ApolE HolA| = FoktTable 3). whebA|
Efdlo] ZHX|= i Fatel] dojA] fojgh Z}o]7} KelX|
gpenz Fue] TAHL FHHUC

Table 3. Analysis of salivary cortisol excreta of
control group after forest walking

Mean B
Con N (ng/dl) SD PD t P
Bef 5 0.19 .143
-.151 -3.234 .063
Aft 5 0.34 204

~p<.05, Con: condition, N: number of subjects, Bef: before treatment, Aft:
after treatment. SD: standard deviation, PD: paired differences. The
abbreviations are the same in the following tables.

3.3.2 d=o EY
Aol = 307 Efels B4R A AR(Bef)

ol 0.05 ~ 0.45 pg/dle] M2 ZAEUL
& 0.01~ 0.56 pg/dle] W= Yelyit) o5 Hit
A2 B8 AxjelE AL 0.16 pg/dl, AFSelE 0.13
ug/dl & YERA ALTel| Zhadte A Bl AY
o] dle|els AMeR BAEH Ao Abd-
AMS-9] SIE]E Apoof djst A A} AR
0.16 ng/dl, AF$ 0.13 pg/dlz YEh} AFE7E Abd R
AE Yebgod, p<05 FElA f2g zols B
= %UTHTable 4). o]} A AFZE o]HTF
& o|F@3H27]0] A7% FE &t THAASAAF
FeollA st dAtelt). Wde] Ao AP Hol
0.26 ng/dl, AF$E 0218 pg/dlE LR oH, A3 o
2 FofAol Adlen, o] Hfell= AR 0.155

1=} o
2ag

oJA

L
L

ng/dl, AH= 0.146 pg/diz Uebston, AR =
Fo] e ot Aol At AA A o RZE AR
0.202 pg/dl, AFEE 0.178 pg/dlE LrERom, 4%
o ZE frode] itk & Aokl Apol= Aol
AL gt A e AR E fos)
A& kS Aol Helal Qi) ey AR AR AHd
& Fol= 2EYA TEEQ FE|E gt

Table 4. Analysis of salivary cortisol excreta of
test group after forest walking

Mean .
Con N (ugdl) SD PD t P
Bef 30 0.16 .097
.033 1.279 211
Aft 30 0.13 .103
"p<.05.
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34 pg/dl, AT 0.13 pg/dlo = L}E}
ol 2T Ry A el e, {9
£ B th(p<.001)(Table 5, Fig. 2). f-AFSF 1
& olF328]ol M= tizto] §lo] AR
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Table 5. Comparison of salivary cortisol excreta
between control and test groups after
forest walking

N

Mean

Group SD PD t
control 5 0.19 143
Bef 027 548 587
test 30 0.16 .097
control 5 0.34 204
Aft 211 3.654 .001
test 30 0.13 .103
<05, “p<01, "p<.001
0.4 -
035 1 034
) 0.3 A
T
B 0.5
g .
2 02 1 1
4
4 0.15
8 % 013
0.1 A
0.05 A
0 T 1
before after
Fig. 2. Changes of cortisol amounts before and
after forest walking between the control
and test groups. The symbols: (Hl) is test

group and (@) is control group.
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Table 6. Variance of cortisol measure- ments between the
control and test groups after forest walking

df

Sources SS

i
p

MS F
between 175 1 175 12.705 .001
groups
error 442 32 014
Sum 1.577 35

‘p<.05, p<01, p<.001. Abbreviations: SS: sum of squares. df:degree of
freedom. MS: mean squares. Between groups mean comparison of cortisol
amounts of the control group with those of the test groups. are the same
in the following tables.
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AH R, dAbe] A9
ng/dl=E Jeht doiE e
Ak oJ7pe] Aol ozt
g/dlE e ”W* o=
O}, IR R
3). Aoz W*ol of Aol ]
gl gkl o wzek 9he-S ®ojria ok
o AFRE oJRTF & o|PFH28]2

AE AFFE 0218 pg/dlz 45 o] o
0.146 pg/dl 2o} WA YERstTh
E zﬂtﬂ 60]] /\Egﬂ iey_o :yE]

g AL ojnara B,

i1t
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SUREY
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Table 7. Average of cortisol values according to sex

and groups
Sex Group Mean SD N
(ug/dl)

Male Control 0.68 . 1
Test 0.12 058 16
Sum 0.15 .146 17

Female Control 0.26 .096 4
Test 0.15 139 14
Sum 0.17 137 18

Sum Control 0.34 204 5
Test 0.13 .103 30
Sum 0.16 .140 35




A aHRZALE ¢ YA 2EH 2 T2EQ CortisolFe] W3t gt A+
- Qe RG] AFEAY HYE U
] . 5] 43 Fol Bl 36| o) WslE A Aol
3 06 - E2 010t
g 05 |
oW 1 tiEe] SEE AR ARI0.19 ng/dl), A
¥ 03 1
L 0] 035 (0.34 pg/d) = oA p<.05)°] S1ATh
Y ] Cepo 88 2. Agre] HuAE A2 016 ng/dl, Aol
) : : 0.13 ng/dl = Aol ghadhs B3 Hilo,
Male Female T (p<.05)°] A= Aol AT
Fig. 3. Changes of cortisol amounts of male and 3. FE|ZE gkl o)== 2Tty AL AA9
female after forest walking between the _
= - =S o|x] Qo) ALZ ol = %
control and test groups. The symbols: (H) = el _Z]— 18 meo] @grott, ARl i
is test group and (4) is control group. THT AErto] 021 pg/dleZ vHA YERA
28 2ol & WA THp<.001).
_ FEE FHzke IR ZT Al
37 MEm UEel M2 AS Emmle gar b OE VTES WS Gl diEwen
o 0] 0.56 pg/dl7h wEke o 2ke] Aol dixat
. et vt A : Wk Agio] 011 pg/die] Brobd gA7} ol xn
s 9 xaty A3 AMA HE]E =AA]E %
,OE 7;1_41 - ]’ = N E:] jo )\]ﬂ -17: ]}Hj E]—Z H ]/E) tﬂﬁr# Eo]c)%;].
& < 3 3
ﬂtﬂ' /\]"l‘oﬂ Tﬂtﬂ' oﬂo ijoa E}‘]Tﬂ' = ]’ o= 5. /\]_T,] ZX4}] tﬁz?'il:]' /\]6—];-,] :”q‘)_ 16]—
= < 2} F= < = 1 A4 = )
Fo6.08(p<05), e F=24.13(<000), ¥ H ol WA LB F=1270, p=001 2 o] Fho]
A= F=10.4.13(p<.003)2 e} F-28A e = na
= AR
]}T}]\-E]' é Aé%j’}' 71:}1"/]_—0]] ‘\:‘ IHE TX]’] 2}017} 3}% 6. }\]__1;5-_94 /Kg‘g ‘;% I—H}—Eﬂ]‘ /\Elﬁq; % %ﬁﬂ’ﬂ% A(_)]
© o} 2= 0)
S & 4 3UtH(Table ). H(p<.05), Ak (p<.001), 43} ko] 75}
<.003)2 51 ) = Ayl 2o
Table 8. Variance of cortisol values among sex, the ® - ) Z‘Wj; }O | erst o O—'o ZLEJ):} :] ]
control and test groups after forest walking e FEE FAG A7t dles ok 4 Slrh
Source SS df MS F p*

Corrected model  .338(a) 4 .084 7.751 .000 ARAH o2 YE2aY SAAE= Aol i, o
fragment 279 1 279 25.618 .000 }_E—j,}. AEID;JIE-Q] H ﬂoﬂ/ﬂ /\Eh‘suli-o] \%—7” 1,}_]5],1/]__5_ 75]%]:
before .002 1 .002 217 .645 o] 3}%9_4’ 701_915‘5} ;'(]—O]—g— EO]Z] OLO]'T:]- Tﬂii‘ﬂ‘ ;\E1

sex .066 1 .066 6.082 .020 {%JEL Z_}’Q] é_xéﬂ OﬂH ‘1/31' ]_7]_ qu]'E’_E]' ZHH ]Ao ERt]
263 1 263 24.134 .001 .

o ke wollnh Ao AFe] B9l jxtur A

sex-group 113 1 113 10.404 .003 fﬁ—r‘—fo] %ﬂ]@g E]Z;E‘—o] H_}” L}E]—L]—k] ‘n—,] é ] %{

error 327 30 011

s Rk st el me SEE A9 o)t 98-S

’ oF 2= o)y} H = B3 rela ° N

corrected total .665 34 =T ME]—' = ﬂ:rLE © OHH = O] ]’] Eﬁﬂ__

= =) - o 2~
*p<.05,**p<.01, ***p<.001. Variance: univariate analysis of variance. Qiq] ‘—01 o}‘—_— Zi = <4 9"]‘9}‘ :
2
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