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ABSTRACT : This study describes the manufacturing method of antioxidant filter and
evaluate the reduction of free radical and biological activity from mainstream smoke. When we
used spray-brush for the application of antioxidant solution to the filter, cv(coefficient of
variation) levels of antioxidant added to filter ranged within 3 %, which means stable and
constant feeding process.

0.3~0.5mg per cigarette of antioxidant were sprayed to acetate and active carbon part in
the filter plug, respectively. It was considered that the use of antioxidant added filter resulted
in the reduction of the gaseous compounds of free radicals from 17 % to 19 % in the
mainstream smoke. Variation for removal efficiency of free radical in antioxidant filter added to
acetate part was more pronounced than that of filter added to active carbon part. Smoking
deliveries of tar, nicotine for the antioxidant added filters were similar when comparing to the
non-antioxidant added filter, but the delivering amounts of isoprene were significantly reduced.

The estimation of consumed GSH(glutathion) showed that the gaseous toxicity of the
antioxidant added filter was 14 % ~ 23 % lower than that of non-antioxidant added filter. No
significant differences were observed for the total taste quality in sensory evaluation.

Key words : antioxidant, free radicals, filter, smoking delivery.
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Fig. 1. Saccharinity with concentration of
antioxidant solution.
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Fig. 2.
antioxidant solution.

Saccharinity with

Table 1. Saccharinity, specific gravity and pH of antioxidant solution.

storage time of

Concentration weight
of solution Saccharinity Specific gravity pH (100ml)
(%(w/v))

0 - 1.0000 - 100.00
5.0 5.6 1.0179 1.95 101.79
10.0 10.9 1.0392 1.75 103.92
15.0 16.1 1.0603 1.61 106.03
20.0 21.2 1.0829 1.54 108.29
25.0 26.7 1.1065 1.49 110.65
30.0 32.2 1.1311 1.42 113.11
35.0 374 1.1566 1.33 115.66
40.0 42.7 1.1828 1.26 118.28
45.0 48.1 1.2098 1.19 120.98
50.0 53.2 1.2397 1.14 123.97
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Fig. 3. Apparatus of Transport Jet Nozzle for
antioxidant application in filter.
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st 71&9] 7FAAl 25 HA(brush type)d F
U3t 9] prush type EFAHHIE F71 AR}
Aok B £5 Aduld A8E Ade FikskA &
Aol wale] Qo] e &, 73 59 F&]
EgEo] AR S stainless steel S AFE3FA L
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type2] metering pump(DMA-02/5< MT/3=)&
AHg-3FA T
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3.2 mg/rod 3434 = 0.4 mg x 8 tip/rod]o-E
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Table 2. Characteristics with filter application method of antioxidant solution

application Transport Jet .
method Nozzle spray Thread Filter Brush type spray
added uniformly possible use of present spray of antioxidant in
advantage . . . p . .
antioxidant in filter process filter cross section
a location of antioxidant a location of antioxidant need of spray
weakness o . . .
in filter center in thread filter center equipment
applicability good good good
effect o o about 17 % reduction of
(vs. control) free radicals
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Fig. 4. Apparatus of brush type atomizer for

antioxidant application to filter.
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macetate filter_120mm

y = 7E-05% + 0.0012x - 0.9803

on the filter rod(mg/rod)

y = 0.0003x* - 0.1184x + 12.347
R? = 0,9989

Loading amount of antioxidant
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Brush RPM

Fig. 5. Loading amounts of antioxidant on the
filter rod with brush roller rpm.
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GVP)e] XHE 93] 100 mL gas washing bottle
S AFESFETE IS0 SAZA(puff volume: 35

iy

free radicals #AA &3

Znt o &

mL, puff frequency: 60 sec, puff duration: 2 sec) EHorstH| ZHE 3 AIME M=

o wa 10 /B EHiAEES ATFAEA 2 a7 AHE EHE olF FHEA It
(Heinrich Borgwaldt RM20/CS ; Germany)Z ©] Al F8&HL brush type &5 WS AE&3)
£38}o] d2A)7] B Cambridge filter padS =3} Ko, Table 304 YeERH npel o] oA
& 2 ARES 10 mLe  ice-cold (156 mm)¢} BHAR(12 mm)ol ZH7t skl A4

PBS(phosphate buffered saline, pH 7.4) &<0]
9= gas washing bottled] XFH3IHT. HE
GVPY =7} 10 mg TPM equivalent/ml PBS7}
HEE PBSO &S 2AsA 7t 28l
tg GSH Zgste] 2t AR5 W

(e}
ARSS

gz AA 'aas vlaskith

el A7bd 7haeA 2 dAksiAl o] AU S
4% 23 7teAle WEE(ev) 3 % oJHE
- oLl HA7HE = e Jeiwth £ &
AshAl e} H7bE 4 AdE HEE 3 % olWE

LR |
e

7t EAQS vl ZAVEFETH GSH AR VAl A7V FTOZ UERTh wabA
DTNBI[5,5 -Dithiobis(2-nitrobenzoic acid), Sigma  ZASHAl FEAZEA] 7haA] Bgad sL3
Chemical Co, St. Louis, MOIE o-§3}= wlAjm]  brush type 2743 H83hef ehg=o= AH
o we 2N 24 ARG A2y H4E wm  FAZE S e A0 BREY
9 tHPark =, 2007). FAskA] AAFS ATIFA SHAEFY 4=
Table. 3. Physical properties of filter samples used for experiments.
Filter physical properties

Dual filter acetate mono filter activated carbon mono filter
sample i 2) 3 . 1) .

PD C PD C TA antioxidant PD C TA AC antioxidant

mmWG| mm |mmWG| mm | % |cv(%) |mg/tip| cv(%) | mmWG | mm | % |cv(%) | mg/mm | mg/tip | cv(%)

464.3 | 24.20
control 98 | (0.034) 440.2 | 23.67 | 4.8| 1.48 506.8 |23.66/5.0| 1.12 | 1.8
0.40 mg/| 454.8 | 24.22 ) )
AC part| (116) | (0.045) 438.3 | 23.68 [4.8| 1.04 515.3 |23.72/14.9| 218 | 2.0 0.40 | 0.85
0.4 ma/} 456.3 | 2019 | yoo g | gage gl 1ou | - | - | 5178 |2368/45| 185 | 20 | 054 | 064
AC part| (10.2) |(0.039) ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’
0.31 mg/| 468.2 | 24.18 . )
A part| (9.0) | (0.043) 421.2 |23.67 (39| 250 | 0.31 | 297 | 514.2 |23.71/5.0| 0.66 | 2.0
0.51 mg/| 470.2 | 24.20 . )
Apart | (10.0) | (0.043) 416.2 |23.70 |4.6| 0.84 | 0.51 | 0.41 | 514.2 |23.71|5.0| 0.66 | 2.0

1) PD : pressure drop

(

) : standard deviation

2) C : circumference

3) TA : triacetin

4) AC : activated carbon
5) A : acetate
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Table 4. Physical properties of cigarette samples used for experiments.
cigarette physical properties
ight
Sample name weg Vent EPDY uPD? C
Total | material | tobacco
mg mg mg % mmWG mmWG mm
control 876(16) 293 584 78.6(1.0) | 173.2(4.1) | 67.8(2.4) 24.6(0.053)
0.40 mg/AC part | 881(17) 293 588 80.6(1.0) | 176.3(4.9) | 66.2(2.4) 24.5(0.051)
0.54 mg/AC part | 877(17) 293 583 80.5(0.9) | 171.7(5.0) | 66.1(2.6) 24.6(0.053)
0.31 mg/A part | 875(15) 293 583 81.9(0.8) | 169.5(4.2) | 62.3(3.3) 24.6(0.045)
0.51 mg/A part | 869(18) 293 577 81.1(1.1) | 171.6(6.4) | 64.0(3.6) 24.6(0.110)

1) EPD : Encapsulated pressure drop
2) UPD : Unencapsulated pressure drop

9 AEFS AFESt] AZ3IP o, AAFE A=
W2 Table 404 Ee wie} 2t

A AHEE7] A AlAlE AEERDLE FF
2 876 = 10 mg, EPD 172 + 5 mmWG, &7] 3
Mg 80 £ 2 %Y 2oz HES e, A
7188 59 BAE St AdE Alse 22 ¢+
1 C, 60 +1 %RAHS] -2 d<pAoll A 48717 =
3 & EN8 AEE AMEEh
Free radicals 244 Zn}

A A AAFY A U 24

AHE Fig. 60 YA Fig. 6914 Be= nf
Zo] dAakBAE 031 ~ 0.54 mg ZE Y

A3 11.8~19.0 % A ZddZo] 743
ATE At FSAIE SR 040 2
obAl R 0.31 mg/tip A7 AIE7F 9F 0.50
mg/tip o]’F H7Ke AEERT A BuZd AA
'8o] =4 EAFHIIE, o oA Ay Ay
(Park &, 2007)o14 ¥& wte} o] SAE
04 mg H7Hst B¢ A A7 AA &=t 7t
F Ave dF A7 gty £ ATl AN
H AAFFT Ad AF gHZd AAES JEd
AlFEE oMo FSIAIE 031 mg A& Al
82 ol oA AF AF(Park T, 2007)14 Bt
gl uhe} o] gAR o] &dete] o3k F e} o}
AF-] aEstAl Aol ot &9 &¥e] T

(

) : standard deviation

sHhehe Aol FE dJow wadn wehA

ksl HEA FAG AAEI SHAM Fa
Fo 040 + 0.1 mg/tip o2 H7lske Aol

Al stia BekE.

400E13 an

AH0E13

200E+13

se free radical

WS per TEM

2.50E+13

apor ph:

£ 2 zooealy
£ 1506413

1.00E+13

radical in M5 per TPM{X){salid line)

Delivery ratio of v

5.00E12

0,00E+00

) ﬂﬁlu‘lul‘nuxl
Fig. 6. Delivery ratio and removal efficiency of
vapor phase free radicals in mainstream smoke
per TPM.
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Table 5. Delivery amounts of general smoke components in mainstream smoke.

==
9 F

A% free radicals A &3}

general smoke components
Sample No. TPM Tar Nicotine co Puff Water NO
mg/cig. mg/cig mg/cig. mg/cig. number | mg/cig. ug/cig.
control 1.3 1.10 0.10 1.10 7.00 0.1 40.0
0.40 mg/AC part 1.1 1.00 0.07 0.90 7.10 0.1 38.7
0.54 mg/AC part 1.2 1.00 0.08 0.90 7.00 0.1 40.7
0.31 mg/AC part 1.0 0.80 0.07 0.80 7.00 0.1 37.3
0.51 mg/AC part 1.0 0.90 0.08 0.80 7.00 0.1 41.3
9 nicotine &4 Fol oA FistE AEFE o] olggko] AA FAEALoH, ol At g
Bli=d ol AAIEF EANA dERd uke} Z A AP 2e A%E JEddth ol
2ol 37 BM&e Sk wE AR Algnd A= isopreneo] 7k A S Al 9l
o 2 gz AL A714EF NOS ¢ o T8 9¢E e AT Ao} & A5}
DA ABAL 2t A AAHPryor 3. tHTakanami %, 2002). &4} tar T VOCs
5, 1984) 2 A3 AFgx e H?r gielze] A o] F oy AL AL A B A&
A3 NOSHY HAde gle A2 Jeuon, o metAe e Aoz EAEUTH
ol#13t A= Y tar —’F%Oﬂ’ﬂ—‘& NO<} A+ Carbonyls 3}3E&E ol &S kiAo 7=
Elaska i %}1 S BRAFA Fete old A o] BETE hde AFOZ UEIHOH, tar

_,o_>.:°

T At & g HPark F, 2007).

Hoffmann's 17| M8 EA ZAq}

Fig. 794e sz29 AE5 3T A=(VOCs,
volatile organic compounds)®] ©]3 &S thZ-o
g gt = JeElith Fig. 7914 Ee ub
9} Zo] FASIAE H7FeE AJA|EIA] isoprene

GO

ntell T |

[E

np

i O40mg/AC pan  QL54mA/AC pan 03 mg/A paet

Fig. 7. Delivery amounts of VOCs in mainstream
smoke.

3 TSNAs old &2 itsiAlE H7hsk 259
A5 oz Frete AES JYERAY 24 W
Y= EXEAT o] Hoffmann's list A%
2 gx27o JA oY) tiFe FFELE EA
HAJtk. FHAF carbonyls 33E3 TSNAs2
olgfF EMZAAE 27 Fig. 8% 99 YA
o}

o

nirol basis)

of Carbonyl compound|co.

vory ratlo

Fig. 8. Delivery amounts of carbonyl compounds

in mainstream smoke.
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Fig. 9. Delivery amounts of TSNAs in

mainstream smoke.
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S
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Fig. 10. Comparison of sensory evaluation for
control vs. antioxidant sample cigarette.

Table 6. Comparison of GSH consumption on an equal TPM basis.

sample consumption of the Glutathione ratio of GSH consumption
(umol/mg TPM) (sample/control)
control 0.0332 + 0.0032 1.00
AC part 0.40mg/tip 0.0279 £ 0.0012 0.84
AC part 0.54mg/tip 0.0271 £ 0.0013 0.82
A part 0.31mg/tip 0.0255 + 0.0020 0.77
A part 0.51mg/tip 0.0268 + 0.0012 0.81
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