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Table 2 Table 3 GC-MS GC-FID

 

 

4. SO  

SO
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- , -

1000 0.1 mg/mL

 

 

5. SW SE  

SW SE

2 1) 

10 2) 

(Hexane-liquid-liquid extraction (

Hex-LLE) 8) 10 mL

1 mL NaCl, 1 g 5

1740 x g 5

 

SW Hex-LLE

, - 1,8-
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0.1 mg/mL  

 

6.  

GC-FID
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Welch t

( ) p < 0.05
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(Fig. 7, Table 8)  (7)

(p = 0.041)

 

SW

(RSD%)

 (3) 23.1% 1,8-  (6) 37.3% -

(2) 62.6%  (7)

75.0%

(Table 8)

SW -

 (2)  (3) 1,8-  (6)

 (7)

 

SO

-  (1) -  (2)  

(3) CC

SW

RSD

-  (2)  (3) 1,8-

 (6)

 

GC-FID

 

 

D.  

SO SW

PC GC FID CC

 

CC SO ( -  

(1) -  (2)  (3)

 

SW SE

1,8-  (6) -  (2)

 (3)

Hex-LLE

 

SO SW

CC GC FID Hex-LLE

 

 

F  

1.  

Yoshitomi T., Ando T., Uchida Y., Iwahashi T., 

Hada C., Uchiyama N., Chem. Pharm. Bull., 73, 843-

851 (2025). 

2.  

1)  



43 
 

GC R6

( ) 

2) 

(GC-FID)

50  ( ) 

3) 

GC-FID 146

( ) 

 

 

1) Japanese Standards of Quasi-Drug Ingredients 

2021. Ministry of Health, Labour and Welfare, 

<https://www.mhlw.go.jp/content/001455270.p

df>, cited 12 November, 2025. 

2) Ohara T., J. Jpn. Cosme. Sci. Soc., 43(4), 322-

327 (2019). 

3) Packed GC Columns: Product Catalogue. 

Chromtech, Chromtech Pty Ltd., Victoria, 

Australia, 2016 < 
https://www.chromtech.net.au/pdf2/xPackedCol

umns-2016.pdf >, cited 12 November, 2025. 

4) DiatoSorb-W Diatomaceous Earth: Great 

Chromatography Millions of Years in the 

Making (Technical Note GNAR2326-UNV). 

Restek, Bellefonte, PA, USA, 2016. < 
https://gcms.cz/labrulez-bucket-strapi-

h3hsga3/paper/GNAR2326-UNV.pdf>, cited 12 

November, 2025. 

5) 5) Tomi K., Kitano M., Murakami H., 

Matsumura Y., Hayashi T., Biosci. Biotechnol. 

Biochem., 80(5), 840-847 (2016). 

6) Baydar H., Sangun K. M., Erbas S., Kara S., J. 

Essent. Oil-Bear. Plants, 16(1), 39-44, (2013). 

7) Andela M., Maja D., Dorotea G., Sandra P., 

Zoran Z., Zvonimir M., Igor J., Ana B., Plants, 

12, 2394 (2023). 

8) Yoshitomi T., Ando T., Uchida Y., Iwahashi T., 

Hada C., Uchiyama N., Chem. Pharm. Bull., 73, 

843-851 (2025). 

9) Agata K., Adam K., Maria L., Planta Med., 88, 

604-627 (2022). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



44

  
Table 1 a) SO b) SW c) SE, SW

a)
Sample No. Production area Parts #) Displayed plant species

SO-1 Spain leaves S. officinals L.
SO-2 Albania whole plant S. officinals L.
SO-3 Spain whole plant S. officinals L.
SO-4 Spain leaves S. officinals L.
SO-5 Hungary leaves S. officinals L.
SO-6 Spain leaves/flower S. officinals L.
SO-7 Spain leaves S. officinals L.
SO-8 Hungary unknown S. officinals L.
SO-9 unknown leaves S. officinals L.

SO-10 Spain leaves S. officinals L.
SO-11 America unknown S. apiana
SO-12 America leaves S. apiana
SO-13 America leaves S. apiana
SO-14 Hungary whole plant S. sclarea
SO-15 Chaina leaves/flower S. sclarea
SO-16 France flower S. sclarea

b)
Sample No. Production area Parts #) Displayed plant species

SW-1 France leaves/flower S. officinals L.
SW-2 France whole plant S. officinals L.
SW-3 Japan unknown S. apiana
SW-4 France unknown S. officinals L.
SW-5 France leaves S. officinals L.
SW-6 France flower S. officinals L.
SW-7 Japan whole plant S. officinals L.

c)
Sample No. Extraction solvent Parts #) Displayed plant species
JSQDI_SE-1 ethanol, water leaves
JSQDI_SE-2 1,3-butylene glycol, water leaves
JSQDI_SW-1 water leaves

#) Parts indicated on the market products

S. officinals L.
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a)
GC-MS

Agilent Technologies
8890

Column DB5-MS (20 m x 0.18 mm, i.d., 0.18 m)
Carrier gas Helium, 1.45 mL/min 

Oven temperature
50°C(0.6 min hold)-15°C/min-175°C-

100°C/min-280°C(2 min hold)
Auto sampler PAL3 RTC 120

Injection mode Split (200:1)
Injection volume 1 L
Inlet temperature 250°C

b)

Column
Carrier gas Helium, 1.45 mL/min Nitrogen, 0.5 mL/min

Oven temperature 50°C(0.6 min hold)-15°C/min-175°C-
100°C/min-280°C(2 min hold)

50°C(0.8 min hold)-14°C/min-175°C-
100°C/min-280°C(2 min hold)

Auto sampler
Injection mode

Injection volume
Inlet temperature
Hydrogen flow

Air flow
Makeup gas

FID detection temperature

32 mL/min
200 mL/min
24 mL/min

310°C

Gas Chromatograph

Gas Chromatograph

250°C

Split (100:1)
1 L

GC-FID
Shimadzu
GC-2030

DB5-MS (20 m x 0.18 mm, i.d., 0.18 m)

AOC-20i plus/20s plus

GC-MS GC-FID
Agilent Technologies Shimadzu

8890 GC-2030
Column

Carrier gas

Oven temperature

Auto sampler PAL3 RTC 120 AOC-20i plus/20s plus
Injection mode Split (200:1) Split (100:1)

Injection volume
Inlet temperature
Hydrogen flow - 32 mL/min

Air flow - 200 mL/min
Makeup gas - 24 mL/min

FID detection temperature - 310°C

Gas Chromatograph

250°C

DB5-MS (30 m x 0.25 mm, i.d., 0.25 mm)

50°C(2 min hold)-3.5°C/min-200°C(2.5 min hold)-
20°C/min-280°C(5 min hold)

1 L

Helium, 1 mL/min 

Table 2 GC-MS GC-FID

Table 3 a) GC-MS b) GC-FID
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Table 4  SO SW GC-FID
SO SW

Preparation of analysis samples Dissolve 0.05 mL SO in 5 mL hexane or acetone
Add 1 mL of hexane and 1 g of NaCl to 10 mL of
SW and shake. After centrifugation, analyze the
supernatant by GC-FID.

Marker compounds -Pinene -Thujone, Camphor -Cineole -Thujone, Camphor
Dissolve 0.05 mL -pinene in 50 mL hexane Dissolve 0.05 mL -cineole in 50 mL hexane
Dissolve 0.05 mL -thujone in 50 mL hexane Dissolve 0.05 mL -thujone in 50 mL hexane

Dissolve 0.1 mg camphor in 1 mL hexane Dissolve 0.1 mg camphor in 1 mL hexane

Column
Carrier gas

Oven temperature

Auto sampler
Injection mode

Injection volume
Inlet temperature
Hydrogen flow

Air flow
Makeup gas

FID detection temperature 310°C

Split (100:1)

250°C

Nitrogen, 0.5 mL/min
DB5-MS (20 m x 0.18 mm, i.d., 0.18 m)

1 L

AOC-20i plus/20s plus

50°C(0.8 min hold)-14°C/min-175°C-
100°C/min-280°C(2 min hold)

Reference solution

Gas Chromatograph

32 mL/min
200 mL/min
24 mL/min

GC-FID
Shimadzu
GC-2030
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Table 8 SO (n=8) SW (n=6) (
SD, %), (%) Welch t ( )

SO (mean ± SD) SO (RSD%) SW (mean ± SD) SW (RSD%) p -value
-Pinene (1) 6.32 ± 0.67 10.6 ND ND -

-Thujone (2) 26.6 ± 2.22 8.36 12.2 ± 7.60 62.6 0.00472
Camphor (3) 20.7 ± 2.06 9.95 43.4 ± 10.0 23.1 0.00228
Linalool (4) 0.47 ±0.09 19.4 0.67 ± 0.61 91.0 0.45639

1,8-Cineole (6) 10.6 ± 0.85 8.08 21.2 ± 7.91 37.3 0.02113
Borneol (7) 2.09 ± 0.56 26.7 12.8 ± 9.64 75.0 0.04113

Camphene (8) 5.99 ± 1.14 18.9 ND ND -
-Pinene (9) 1.97 ± 0.52 26.5 ND ND -

10) 3.84 ± 0.92 23.9 ND ND -
ND: Not detected
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Fig. 1 

Fig. 2 CC GC MS GC FID 
sage oil (SO, sample SO-1)

a) TIC ( He), b) GC-FID (
He)
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Fig. 3 CC sage oil (SO, sample SO-1) GC MS 
GC FID 
a) TIC ( He), b) GC-FID (

He), c) GC-FID ( N
2
)
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Fig. 4 SO (a) (S. apiana) (b) (S. sclarea) (c)
GC-MS ( He)
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Fig. 5 SE SW GC-FID ( N2)
a c) ( ) , d-f) Hex-
LLE
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Fig. 6 SW1-7 (a-g) Hex-LLE GC FID 
( N2)
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Fig. 7 sage oil (SO (n=8)) sage water (SW (n=6))
( SD, % , *p < 0.05 **p < 0.01
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