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SUMMARY

I. Development of polycyclic aromatic hydrocarbons
elimination technology on agricultural and food safety

improvement for EU export

II. Research performance against goals

Commercialization Indicators Research-based indicators
Application
Intellectual ;
Property Commercialization ac‘ﬁj%ideigﬁts polict;?'Pro
Rights Tec Tec Ed | Ma ;
Perf hno hnic uca | 1npo motion e(bct
eriormance log Te a Thesis Ac | tion| wer| APP | pry | O
goals v | Co | sall Job ade licat | o | her
App | Enro | Tra | mm olo es Img Cart MCH Inst| tra | 197 | op E?el
licat | lme | nsf| erci | & cre fx?e ifica Non | . |ruc| mn | s)
ion nt | €r alize ta | CTA atio tion| SCI - b ton| g exhi
d | @ gon n | ™ scr | sen . | bitio
rt— > tati poli
ups on Ccy i
The
ultimate goal 2 2 2 4 5 1 1
Research
results
achieved 2 - - 6 1 15 7 1 3
within the
period
Achievement
rate(4) 100 0 0 150 | 20 100 | 300

M. Purpose and necessity of research and development

O The development of PAHs elimination technology and production process for
establishing the safety improvements to the harmful substances that occur
during the process of processed foods made up of domestic agricultural products

O The development of environmentally friendly absorbent which could reduce the
harmful substances by condition in the liquid and vapors which are likely occur
during the process of processed foods made up of domestic agricultural products

O Increase the sales of local farmers and domestic food industry through the




development of a sorbent technology which has improved safety and met the
Food category-specific standard specifications of the European Food Safety
Authority (EFSA)

O Building export-based application system using developed PAHs elimination
technology to apply this technology to edible oil, healthy food and smoked meat

products as well as various agricultural and food exporting to the EU
IV. Details and scope of research and development

O Evaluation the effect of adsorbents for the removal of PAHs in a variety of food
manufacturing processes and apply

(1) Establishing feasibility of research by evaluating the effect of adsorbents.

(2) Confirming the effect of adsorbents for the removal of PAHs in the manufacturing of
various food category.

(3) Confirming the effect of adsorbents for the removal of PAHs in a various
manufacturing processes.

(4) Evaluation of the physiochemical property and sensory test produced in various
manufacturing processes.

(5) Application of agricultural residues and natural cellulose materials to PAHs removal

adsorbent process.

O Development of optimum conditions of natural cellulose-based product and
by-product of Agricultural and livestock industries

(1) Optimal condition of agricultural residues and natural cellulose materials for
development of PAHs adsorbent.

(2) Absorbent effect of agricultural residues and natural cellulose materials for development
of PAHs adsorbent.

(3) Making the prototype of PAHs eliminative adsorbent which is made up of agricultural

residues and natural cellulose materials.

V. Progress of research and development

O Quality evaluation and determination of PAHs content on the usage of absorbent
on edible oil in manufacturing processes of edible oil products

Analyzing PAHs on the usage of absorbent on sesame oil during processing of a edible



oil products with three different types of absorbent: bead type, cylinder type and film type
has revealed that the bead type absorbent has the highest absorption rate on B(a)P. When
applying 1% concentration of tulip tree, pine, eulalia, radiata pine based cellulose absorbent,
absorption rate of eulalia based cellulose absorbent was found to be the highest. Applying
this on the sesame oil manufacturing process has showed reduction on the concentration of
4 different PAHs types by 0.87-1.96 pg/kg. In case of B(a)P with the highest
carcinogenicity, excluding 30 minutes at 240 C, not detected of PAHs was found in all
roasting conditions.

Quality evaluation on the usage of absorbent on edible oil has revealed that applying
cellulose absorbent showed slight overall reduction of acid, peroxide, anisidine and iodine.
Sensory test results revealed applying absorbent during roasting at 210, 240 C reduces the

fragrance of sesame oil but also reduces rancidity and burnt smell.

O Quality evaluation and determination of PAHs content on the usage of absorbent
on healthy food in manufacturing processes of healthy food products

Analyzing PAHs on the usage of absorbent during food processing of desiccated red
ginseng and red ginseng drink revealed that the PAHs of red ginseng handled with LiBr
film, DMAc/LiCl film was lower than that of a control group but NaOH/Urea film proved
to have no effect on the reducing of PAHs. Absorbability test for different amount of
applied absorbent revealed that PAHs of red ginseng drink was reduced significantly and
absorption rate increased as applied amount of absorbent was increased. Comparing bead
type and cylinder type absorbent showed that the bead type had the highest absorbability
despite both types having shown characteristic of absorbing PAHs.

Quality evaluation of red ginseng on the usage of absorbent showed that applying film
type absorbent on desiccated red ginseng during manufacturing process had no effect on
moisture, crude ash, browning index and chromaticity. In other hand, applying LiBr film
and DMACc/LiCl film increased ginsenoside by a factor of 1.6 compared to that of the
control group. It is predicted that the applying absorbent on red ginseng during desiccation
reduces the breakdown of ginsenoside.

Quality evaluation of red ginseng drink showed applying absorbent had no effect on
contamination of bacteria and coliform bacteria or chromaticity as well as sensory
characteristics. Applying absorbent on red ginseng manufacturing and red ginseng drink
proved to reduce pernicious Iingredients and breakdown of useful ingredient of red
ginseng.Usage and applying absorbent on healthy food products manufacturing process can

be expected as it proved to be innocuous on the quality and sensory characteristics.

O Quality evaluation and determination of PAHs content on the usage of absorbent
on smoked sausage in manufacturing processes of smoked processed meat

products

_10_



Applying absorbent developed to remove PAHs on the smoked process meat during the
manufacturing process and analyzing its PAHs content showed smoked sausage with
NaOH/Urea beads, LiBr beads absorbent applied had its total PAHs contents reduced
compared to the control group. The LiBr bead type absorbent especially, out of the 3
different types, showed the highest absorption characteristics. LiOH/Urea beads showed
relatively low absorption characteristics on the 4 types of PAHs. It also showed that
absorbability on B(a)P at 140C was non-existent, hence it has no effect on reducing
PAHs. NaOH/Urea beads had the highest absorbability of B(a)P out of 3 different types of
absorbent but was found to have the lowest absorbability on B(a)A, CRY.

Quality evaluation on the usage of absorbent on smoked sausage showed applying bead
type absorbent during manufacturing process had no effect on moisture, crude protein
content, pH value and physiochemical characteristics such as peroxide value and had no
relation to the contamination of bacteria, coliform bacteria and sensory characteristics.
Applying absorbent on smoked process meat proved to reduce pernicious ingredients and
does not have any side effect on the general quality or sensory characteristics. Therefore,

usage and applying absorbent on smoked processed meat is expected to be a possibility.

O Optimal condition of agricultural residues and natural cellulose materials for
development of PAHs adsorbent
The purpose of this research is to evaluate optimal condition for development of PAHs
adsorbent on edible oil foods processing based carbonization and dissolving characteristics
of environmental friendly materials such as tulip tree, pine, radiata pine and -eulalia.
Carbonization characteristics of the materials showed that pretreatment of them affected
porosity and yield of charcoal. However, chemical pretreatment of the materials for
improvement of porosity and yield value can cause environmental pollution, elution of
chemical residues, difficulty of processing, dust, etc. To solve these problems, various types
of regenerated gels were manufactured from the delignified materials dissolving by
NOH/Urea solution, and were analyzed.
The specific surface area of film type regenerated gels using pine tree was the largest.
Therefore, film type regenerated gels using pine tree with NaOH/Urea solution was the

optimal condition, but it might occur a little difference at practical process.

O Development of PAHs adsorbent for processed liquid food

In this research, regenerated films and gels were manufactured by using delignified
Miscanthus sinensis with DMAc/LICl, LiBr and NaOH/Urea solution, and they were
inquired into the possibility as a PAHs adsorbent. Through a scanning electron microscope,

some minerals existed in Miscanthus sinensis cell were observed on the surface of the

_11_



films, and layer by layer structure was shown in the cross section. Many pores verified on
surface and in cross section of regenerated gel. By FT-IR and X-ray diffraction analysis,
it was identified that cellulose crystalline structure of regenerated films and gels
transformed cellulose I to cellulose II. The methylene blue method results of the gels were
determined DMAc/LIiCl film was better than actived carbon and other films as a adsorbent.

Therefore, it is expected to use as PAHs adsorbent.

O Development of PAHs adsorbent for processed smoked food

This study aimed to investigate characteristics of regenerated gels from delignified
Miscanthus sinensis by LiBr, NaOH/Urea and LiOH/Urea solution. Then and adsorbed
smoke components onto them during the smoking process were analyzed by GC.MS.

It was confirmed that the surface of the regenerated gels has crack, network structure
and many pores, and the inside has similar structure with the surface. Also, it was verified
micro and macro pores exist in them. Porous properties of LiOH/Urea gels was better than
other gels. Thermal characteristics of the gels showed similar weight decrease. Depend on
various smoke conditions, many smoke components were detected from the gels after smoking,
such as methoxy-, propenyl-, vanillin, ethanone, benzene, etc. These components were

occurred by oxidation and depolymerization of lignin based ingredients in oak chips for

burning. However, PAHs components were not detected by GC/MS.

VI. Research result and performance utilization plan

O The use of adsorbents for the removal of PAHs

(1) Strengthening of cooperation structure for linking technology development and
technology transfer activities for the development of PAHs removal adsorbent, carried
out this research with the participating companies jointly and the results will be
transferred to the participating companies for the production and supply.

(2) Promoting the excellence of the newly developed adsorbent for removing PAHs to
individual nationwide as well as related business and planning to sell it through the
participating companies.

(3) The plan to build new supply and sale system, after improving and solving the

problems.

O Sale it to food enterprises and distribution companies by ccommercializing the
technology which could enhance food quality standard as EU level and ensuring
the safety of agricultural and food exporting to EU

(1) Perform the role of a towing the business successfully by the building of supply

_12_



system through the participating companies, based on the proven efficacy of the
adsorbent.

(2) Establishment of comprehensive distribution system plan by transfer the technology to
the participating companies in order to obtain reasonable operating requirements. so a
lot of investment in facilities and management are needed for the new distribution
system.

(3) Maintenance of relevant infrastructure, and raise standardized measures of these
products in order to build efficient infrastructure.

(4) For the systematical management system, carry it out by related business.

O Plan to provide the solution to the food safety by the development of PAHs
elimination technology

_13_
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Table 1. The criterion of maximum levels of 4 PAHs in food regulated by EFSA
(2011)

HAd s &F
(Maximum levels, pg/kg)
Food Sum of benzo(a)pyrene,
benz(a)anthracene,
Benzo(a)pyrene
benzo(b)fluoranthene,
chrysene
Oils and fats(excluding cocoa butter and
coconut oil) intended for direct human
) ) ] ) 2.0 10.0

consumption or uses as an ingredient in
food( A vF-+])

) - 2013.4.1.5-5 2015.3.31.7}4]
Cocoa beans and derived products 2013.4.1.%H
(mzolgsl 1 A% 50 ue/ke fat 950 ue/ks fat

° ' - 2015.4.1.5-8 30.0 pg/kg fat
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Coconut oil intended for direct human

consumption or use as in ingredient in food

(=Y 2.9)

2.0

20.0

Smoked meat and smoked meat products

(FA7] 22 A

-2014.8.31.7+4] 5.0
-2014.9.1.%-€ 2.0

-2012.9.1.5-¥] 2014.8.31.7+#] 30.0
-2014.9.1.5 € 12.0

Muscle meat of smoked fish and smoked
fishery products, excluding fishery products
listed in points 6.1.6 and 6.1.7. The
maximum level for smoked crustaceans
applies to muscle meat from appendages
and abdomen. In case of smoked crabs and
crab-like crustaceans(Brachura and
Anomura) it applies to muscle meat from
appendages

(FA AL, F4F S5 FEeRE Axd

A )

-2014. 8. 31.744
5.0
-2014. 9. 1.5-¥]
2.0

-2012. 9. 1.5-¥ 2014. 8. 31.7}+A
30.0
-2014. 9. 1.5-9 12.0

Smoked sprats and canned smoked
sprats(sprattus sprattus) : bivalve
molluscs(fresh, chilled or frozen) ; heat
treated meat and heat treated meat products
sold th the final consumer

(FA A7 AT AAEE)

5.0

30.0

Bivalve molluscs(smoked) (ZA 25
AAFE)

6.0

35.0

Processed cereal-based foods and baby
foods for infants and young children

(=2 AFH FobA )

1.0

1.0

Infant formulae and follow—-on formulae,
including infant milk and follow-on milk

(Frob§ Zf EFS frobg el 4F)

1.0

1.0

Dietary foods for special medical purposes

intended specially for infants
(55 Fobg Holgue 4F)

1.0

1.0

webA EUS 7S] ol A sk
o] 71E A F3tete A
9 7bg2% & PAHs HS
T 28 |

o 4
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=
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A 23t

o o 9
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)
fU oXx o
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o
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1
0 43
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1 #ANEE AF A FRA A4S #F) G2 §79) PAHs £

A Eekd A (European  Food  Safety  Authority; EFSA)&  benzolalpyrene©]
PAHs(polycyclic aromatic hydrocarbons; T3 eslr4)e] 3|87 A 2 a7ty
V|Eo 2 AFEE V| F-F3ithar H718ke] benzolalpyrened ¥ &Hsli= 4712 2] PAHso| gk

et Aaes 74 3 AarE AAskd webd EUs7HE stlledA ALtd w4k 3 7by
IS 7S] fdid= EUS PAHsO 7lEit4el Fash= kAol e sits H
7hE A ES Arbsto] ofgith

PAHs= #7129 =94 daA ez ddstes fFalldeds 2 o4 don siks
R b AEe] AxzeARd Tl IEH A7 PAHsol tHE 8 A 72 24N
Aol =44 fsid bl digh A7t ol 3 EHAeY, it 2 ke Ee ey
Gl L= PAHsE AASH] A% 7led s vnld Aot webd, sits H
7FEA S T PAHs &ds Afs e AAE 5 s 73 A s ] e A9

A&rAY B 2B, U, 53, A T A& A e FAE ol &stet AE

4 AR sFedd o8 A4 E PAHs 7F SdEAY A9 A4 Aol PAHs7F A4

g 7hsAdel vk FAFE dutdor AH, Adx 8 oA, He, B, Y % TS

AAA H=d o] W 45 Abgste dx R vdeA Y Fs s PAHse A s

o] Arh.(F3g £, 2009)

HodFoMe 37 HEEe HAA AERZeA 2AE AHESte] FAE 2 AE JLEEA
A HAS= PAHsE & AHA J B2 Jfutsle] EUR +3 k!

]

ol = I
thFek w2 Fwol PAHs Aztst 7l&
? A7) a4} ot

A At dE AT AE FAM(sesamum indicum L)Z5FH 2
= Abgetslon A, X ¥ d% =2H7[(Gene cafe CBR-101, Seoul, Korea)® 15
] q Z+7} 10, 20, 30+ FHol FHF8& Alu=E ALY &

2 7FA48 423 527 (National Eng., NEH-404K, Tokyo, Japan)ZE o©]-& 3

47182 B4 ARE ASSATh =@ AFAA BT Qe 78S Fuise] ARE A
gkt
ERRL R
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7h 71 &A1 <9 PAHs &35 Huddg

AZ20 2~ 7IRF FARA 9] S35 Hag fste] 719 AdA F2AQ Active carbon,
Acid clay, Aluminium silicate® FAFZ]@H ¢ 7tE Ao Fxlste] #2187 tiv] 0.3, 0.6, 1,
3, 5% A&ttt 23 23 WEe £EE Ayste] B Aol AL FAAS} vw

(Wb F&
FEe A9 FHE FAA ALE F F AFHORZ UL HAR FAS Ao S5

(th) +# PAHs &4

O F=

w23 F®H oAA 9F 10gS o WEEFEY ImLE H7F35FaL n-hexane 100mLol] o] o
Z 7] (1 )ol %713 N N-dimethylformamide-water (9:1) 50mLE Yol £50] A& 3 AHX
&l  NN-DMF-watess  <@lste] v ZdZ2u7(ID)l &3t Hexane3 ol
NN-DMF-water 25mlL 2S5 Y3 919} o] 23 ¥ FEo|ste] NN-DMF-water (9:11)5S &
Az 7] (Il F-oh A7l 1% FAHEF &9 100mLe n-hexane 50mLE 2ol £&
A2 ¥ AAsEY hexane o LA Z7] (MDD &2tk NN-DMF-water (9:1)Z ¢l 35mL*
= 9 9ok o] 23] HEo S 919 B9zd7] (e Xk & 40mLA &
Y 50 A& T AHAGY] 25 W _7::74% 23] E]EO]SW/} HexaneZ < At
EH °F 15gS Y& filter papers Ab-&3te] & B3k B 40Tolsle] 8 Ao 7Hetsto]
°f 2mLE &5 3rh( A F o FF I F 7H. 2011)

3}o] hexane =

iiﬂﬂ‘i} 10mL % A4k 20mLE 29 2-3%&9 S22

e FFAe Fa @4 5 mLy /S E 23 1)
HE 40T olate] s|FEYolA Airts ol %A%

Edo] o AFS ImLE 3t o]E 045 ym WEHS HEHZE o33}

o & 2 AAAAL Fig. 19 Hepf sl

B AEvtE 1T o] ZL2 Supelcosil LC-PAHs (4.6 x 250 mm, 5 pm)E 35ColA] A&
st o 20uLE injection 3t o] FAL acetonitriled} Eo EN(8:2)S 0-20% Fof,
acetonitrileS 20-27%, ThA] acetonitrileS 27-40%, acetonitrile®} &9 E£3FH(8:2)Z 40-45%
A s em 32 1.0mL/min &2 &tk HE7] HF-E 0-142 704 9719 254nm/ ¥
B34 390nm, 14-2627FA o713 260nm/ 3 F 3¢ 420nm, 26-457FA1 o 71 3-8 293nm/
34 498nmeo. 2 43 tH(Table 1).
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Table 1. HPLC-FLD opearation conditions for PAHs analysis

Instrumient Dionex U3000 HPLE
Column type Supelcos] LC-PAH Column(25 cm ¥ 4.6 mm, 5 pm)
Injection vol. 20 pl
Acetonitrile Water
0 min g0 &
20 min 100 1]
Mobile phase
27 min 100 1]
40 min 100 1]
45 min a0 20
Excitatinn {am) Emissnn {nm)
0-14 min 254 390
Wave length
14-26 min 260 420
26-45 min 293 438
Flow rate 1.0 ml/emipute
[ Sample 10g ]
+Internal standard 1 mL

[ Liquid-liquid extraction ]

Transfer to the Seperatory funnel (1)
Transfer N,N-DMF:H20(9:1,v/v) layer
Add N,N-DMF:Hz0(9:1.v/v) 50mL -
SHake arid ity To sepatatory funnel (2)
In separatory funnel(2) In separatory funnel{2) add n-hexane
Add sidium sulfate(15) solution 100mL - 35ml shake and purify
and n-hexane 50mL Transfer n-hexane layer to separatory
Transfer n-hexane layer to separatory funnel(3) funnel(3) (2 times)
[ Solid-phase extraction ]
Purify by Sep-Pak Silica Val 6cc (1g) Cartridge Concentrate to near
Preconditioning : DCM 10ml, n-hexane 20mL # dryness on a Turbo-vap » Dissolve in DCM 1mlL
Elution : n-hexane 5ml, n-hexane/DCM(3:1) 15mL evaporator

[ GC/MS analysis ]

Flg. 1. Extraction and purification of PAHs analysis by HPLC-FLD.

@ HAAA

PAHs%+89( benzo(a)anthracene, chrysene, benzo(b)fluoranghene, benzo(a)pyrene)<
acetonitrile®l] g3t bug/kg =2 ZASHAT o2 gA™E=z  FAsz
3-methylcholanthrene %8NS ZA ] FA Algd FYst] £A43 T HPLCY ¢
st A& ARnmEOH S FE-AAHE S3 HFHE #Adste] A5 F PAHs %S T35t

At
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o] 7oA Aol A@ufE A HIE Es =AML 2L o] o
T8 Al dAstook gkt
® AZFAE
AFdolA dofd g4 HFEFE=4 v ik AAH[AS/AIS]E Y50 = 3t
a1 FE=dd FEE XFowm st HEFRAS AAdSa AFE&4e wAN
[ASAM/ASAMIS]E Y39 3t PAHsS H%2 AAs o
AS o AERAEERYY] BEEE VAW
AFadzEgde] WigE=4
AIS
FAaAA )z APl &¥lE KOH
ASAM @ A|@&Ho PAHs ¥4
ASAMS @ A@E&qe] Y EFEHE 24

A9 =it AE A&FAE A (sesamum indicum L)ZFE Z{3 AL A&
o FA, AZ T % Z2H7](Gene cafe CBR-101, Seoul, Korea)® 150C, 180T, 210C %
240TC e 2=lA Z+2F 10, 20, 302 FoF & A= AFgstdt #5 A8E o= 7
AEg& 238 H2Z7](National Eng., NEH-404K, Tokyo, Japan)Z o] &3] HF7|&S& &
AbEEF AT EERE AlSoll A dviE L = V1SS THiete] AEE ARSI

o= |

Fig. 2. Scheme for roasting sesame using a hot air heating machine

in the present study.

() AEZ A 7|9 FHA 9 A&

AEZex 7|0 FHA Y] F2e Qs ffste] wo|e g dystat =R E Wby 7|uk v
=3 FHA, Addd F24A4, 2538 FAAE ATl Fue wE FHAE ke A A
292 7wk Bl=% FFA(Tulip tree, Pine, Eulaia ,Radiata pine)& A& 8o} FA}7] 3 g o
AEG Ao FAs ] FAEF thu] 0.3, 06, 1, 3, 5%(w/w)E A &3l 29 2~3W&9 £5

2 28] 3A cH(Fig. 3, Fig. 4).
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(A) beeds type (B) cylinder type (c) film type

(A) Tulip tree (B) Pine (C)Eulalia (D) Rdiata pine
Fig. 3. Type of cellulose based absorbents.

Fig. 4. Absorbents contained in column.

2. FAAET 7HF Al FFA AHE FFo wE A9 FE37}

() FFA AHg F7el BE sty FIPL

b A 2 FAAPAI 53

AOCS Ca 5a-40 o =2 3§35t = Z} Al®m 3gg #H3e] ethanol-ether& 3 (1:2, v/v)
100mLel] ¢ % phenolphtaleine A A ¢Fo & }01 0.IN KOH/ethanol’ &9o 2 %A 3}to]
Az 1g 9 FeAgLtes Fslel=d 23 KOHY mgl=z XASAT Alas 379

28-S 150, 180, 210TC, 240TCel A Z+z 10, 20, 303t & Ay 22" oA ¢k 23]
Qe FINES 747 3N Fulshel 38 W S4stgn, 1 Ay EEAAE et
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(S— B) x Nx56.1
w

(§— B) X Nx56.1
Wx1.99

Acid value (mg KOH/g oil) =

Free fatty acid value (oleic acid %) =

S AgoA AnE KOH

B: X% A4 Au¥®E KOH

N : KOH®9| =A<

W AR FA, g
(W) #iksE71 =34
“A 2.0+0.05g& HO}C’% SLNEALY 22 E 32 (v/v)E T3 &8 30mLE Y oA
3 8. T3 LocHBEEY ImLe %‘-1 137 B50] F & okaolA 1087 WA F
=34 30mLE %‘——Eﬂr 0.IN NayS:03 & oz wgdo] glojd w712 A4y F 05% 7184
AE &9 056mLS Y3 MA S5l A FAo] glojd wj7tx] A 3= AOCS Cd 8-53 W

o7 W3t EI} A3
(a-b)xf

Peroxide value (meg/kg) = W x 10

a:001 N g3 IEFAY AAS(mL)
b:E&A A 001 N 3 EFAS] AH]Z(mL)
£:001 N E] 232} EF A 7}

W A& FA, g

(th) 2957 &4

A& 0.30:0.05gS A3 FHeto]l 10mL CCUE FH7tate] &322 F 25mL Wijs &S 7}
i gdo] EHaiAH & EE I FFao|A 308z A A F 10% KI &4 25mLS
Zvetar MEAAE Y 100mLe] FHFE ¥ 7 0N NagS03 &0z wmedtdo] glojd
W72 AR F05% 7R AR & 05mLS Wi AA EEHA HAol glod w7t

A= AOCSH Cd 1-25 oz 80 =715 433t

() ot AId7E 54

A& 0520.05 g& Fotal o]ASe 2omLE A &35t 350nmeollA FFE=E 4. thA] ]
A SmLell ofHAIH A%k ImL& H7bste] 103F RFEAIZL 3 350nmel A §3 =& FA 3t
AOCS Cd 18-90 W oz ZA4s3t.
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oo
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() A=

Ag AEFAY JA7EH AEEx 7 FRAE A Jr1EY Mes SAsH] s
ol F A A (NE 4000; NIPPON DENSHOKU Co., Japan)E& A}-&3lo] Hunter color value <1
HE(), M E(a), FAE(Dh)E FAAT ]filf e 22~"S 150, 180, 2107, 240°C 9l
A ZbzE 10, 20, 30&3F & A 22" shA] Fal Fete] A2 e A4 378 et
o] 33] ¥k S48k, 7 Hed 2FdEAE e AT
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O AE AAFY £ E4HH

AA oF 2omgs frel FERol AE3] Hsta WHIEFEY ImLE H7F ¥ 05N WgEA F
ASFFUHEFE Y 15mLE 7tstal AAE BoYS §F SA F45 i @&t oo 10
0C 2] heating blockel A °F 583t 7F38lal o] & WZsk & 14% Efﬂ%?—s&eyﬂuﬂﬂ%
2mLE 7ot oA AAE Bo¥ ¥ A F4S € E9skal 100TCell A 303t P%fﬂ
Atk olo] 30~40"2 WZtsle] o]ASEg A ImLE 7lete] AAE EojYe ¥ F4S Y
]ic"ﬂ/ﬂ 0= AZs] Y 3 vy SA E3t ASFUEFEFLEY SmLE Vhetal AAE B
AY S ¥ F45 91 MIEsdt deor WAd ¥ FFoRRE Fod olASwESs T
THMUGEFORE Ygstil dAE Bolde T 34 A7kA HEag F A4 ARgskaith
@ 717124

A BAS S 9E 7171 Gas  chromatograph(Agilent  Technologies — 7890A
gas—chromatography, Santa Clara, CA, USA)E A}-83}%1 3L, flame ionization detectorg <5 3l

A=

ATt

sttt 29 DB-23

=]
14

(J&W, 60 m x  0.250 mm id. 0.25 gmfilm thickness)& A}-& 3}

Z7AL& Table 2 ¢ 2t}

Table 2. GC-FID opearation conditions for fatty acid analysis

GC Agilent Techonologies 7890A

Column DB-23 (J&W, 60 m > 0.250 mm i.d., 0.25 mmfilm thickness)
Detector FID

Carrier gas H2

Make up gas N2

Temp. program 50 °C (Imin), 25 °C/min to 200 °C, 3 °C/min to 230 °C (16min)

Head pressure

230kPa constant pressure(33cm/s at 50 °C)

Detector temp. 280 °C
Injector temp. 250 °C
Injection volume 0.2 b
(2) #5H7HA, A3HH)
(7h) A= FH " AA
A5l sk A E EA ARG PAS FHA A fF BE A58 44D
o}, A5 5 16mL Test tubeol 10mLe] A& FH3| 50C=E T3] 3/ Hob A =g F2F

4 & codingdte] A A3k}
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Fig. 5. Linearity of PAHs calibration curve in HPLC/FLD condition.
(A)Benzolalanthracene;(B)Chrysene; (C)Benzo[blfluoranthene; (D)Benzolalpyrene.

}r_EL

AE A (LOD) R B FEA(LOQ)
P

05 1, 2, 5, IOug/kg
/\]Eoﬂ 7<—17].

ol ATt
Table 3. Limits of detection (LOD) and quantification (LOQ) of PAHs

il
ddstolen, HE3A(LOD)=

1

AL Sug/kgR 3] 5]
0.12-0.15 png/kg, #

PAHs LOD (ug/kg) | LOQ (ug/kg) PAHs LOD (ug/kg) | LOQ (ug/kg)
Benzol alanthracene 0.12 0.37 Chrysene 0.15 0.45
Benzol Alfluoranthene 0.15 0.46 Benzol alpyrene 0.15 0.45
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Fig. 6. HPLC/FLD chromatograms of PAHs from edible oil.
(A)chromatogram of PAHs for standard ; (B)chromatogram of PAHs for spiked
sample ; (C)chromatogram of PAHs for sample and ISTD.
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4 Alge PAHs %89 bug/kg 2 WFETEZ < 3-methylcholanthreneS 5Sug/kg o=
s|Mete] 1mL #H7bete] AAE & A, 3F&S SAsA 479 PAHse IR EEEH
3-methylcholanthrenel gt 3|4& A= th2t Zow Hat 88-92%9 3+-&S Ho A
Hol AFsihe AL welF o

Table 4. Recovery of PAHs and 3-methylcholanthrene

PAHs Recovery(%) PAHs Recovery (%)
Benzol alanthracene 88.58+1.52% Chrysene 91.07+0.85%
Benzol blfluoranthene 89.02+1.29% Benzol alpyrene 92.49+0.55%

(J) AEZ2 2 7|¥t E&A4 9 PAHs &% 371 ¥ FA 3 &4
SFAALE vt AE2 0o~ 7|Hk T2A9 PAHs 2% HA3E ¢35t v=g F
s
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@ Agzex 7| FRAAY] Fxo wE PAHs FF% ¥/}
2 AFoAE AEF49 benzo(a)pyrene®l ¥aFS 12.93ppb7hA] ¥ A=x 2
0.3, 0.6, 1, 3, 5% (w/w)= % 83}o] benzo(a)pyrene®] or=FS M|, AWz o
E29 2 7Nk F3A9] A8 vt F7ksel wEt benzo(a)pyrened &= 3L
71\ E2A 9] 49 14.03, 16.74, 19.65, 29.09, 35.02%, AU S 17.95, 2537, 31.49,
37.00 39.17%, AWAA el 9 3156, 36.16, 44.78, 46.74, 47.32%, v+l 4§ 23.42, 27.33,
20.11, 3387, 3557% = F7Feke A3 Bk Al A FREY AF 1, 3, 5% A& A
AR FoHel Aol7t glal & %—%‘94 AZZ o~ 7t il

of F&sol /M FF As AT F AJH(Table 5).
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Table 5. Effects of cellulose based absorbents on the reduction of Benzolalpyrene
and adsorption ratio in edible oil(edible oil, which was spiked with 12.93 ppb

benzo(a)pyrene)
Cellulose Tulip wood Pine Eulalia Raiata pine
base
absorbents BaP adsorption BaP adsorption BaP adsorption BaP adsorption
o Average ratio Average ratio Average ratio Average ratio
(%, w/w) (ug/kg) (%) (ng/kg) (%) (ng/kg) (%) (ng/kg) (%)
0 12.93+0.16" 0.00* 12.93+0.16° 0.00* 12.93+0.16¢ 0.00* 12.93+0.16¢ 0.00°
0.3 11.12£0.29°  14.03+2.28"  10.61£029"  17.95+2.28"  885x0.04° 3156031  9.91+0.14°  23.42+1.09"
0.6 10.77£0.13¢  16.74£1.03° 9.65+0.29° 25.37+2.22¢ 8.26+0.10 36.16+0.78° 9.40+0.17° 27.33+1.33°
1 10.39+0.14°  19.65¢1.11¢  8.86+0.07>  31.49+0.54  7.14+0.22"  44.78+166°  9.17+0.16"  29.11+1.26°
3 9.17+0.17 29.09+1.31¢ 8.15+0.16° 37.00+1.27¢ 6.89+0.31° 46.74+2.43¢ 8.55+0.23" 33.87+1.78¢
5 8.41+0.08% 35.02+0.64f 7.86£1.87* 39.17+4.87¢ 6.81+£0.13% 47.32+0.97¢ 8.33+0.19% 35.57+1.48°

All values are expressed as mean+SD of triplicate determinations; Means in the same column not sharing a common letter
are significantly different (p<0.05) by Student-Newman-Keuls.

Data represent the mean and standard deviation(n=3).
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Fig. 8. Effects of cellulose based absorbents on the reduction of benzo(a)pyrene
in edible oil(edible oil, which was spiked with 12.93 ppb benzo(a)pyrene).
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0% o< 543 Aas FAsdrh. bz - 12.29, 11.99, 11.60, 11.19, 11.24
E Holm 3% AHg o]FHH+= PAHs 4 S97F 13%= & WHeE B

i AglAlolEel A9 11.37, 11.04, 1064, 10.38, 9.96 ng/kg = a3t
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Table 6. Effects of commercial absorbents on the reduction of Benzolalpyrene and
adsorption ratio in edible oil(edible o0il, which was spiked with 12.93 ppb

benzo(a)pyrene)
Cellulose Active carbon Acid clay Aluminium silicate
base
absorbents BaP Adsorption BaP Adsorption BaP Adsorption
. Average ratio Average ratio Average ratio
(%6, w/w) (ng/kg) (%) (ng/kg) (%) (ng/kg) (%)
0 12.93+0.16° 0.00? 12.93+0.16° 0.00? 12.93+0.16° 0.00?
0.3 9.95+0.36¢ 23.11+2.77° 12.29+0.05¢ 4.95+0.41° 11.37+0.18° 12.12+1.42°
0.6 9.41+0.25¢ 27.27+1.95" 11.99+0.13¢ 7.31+£1.03¢ 11.04+0.27¢ 14.67+2.11°
1 8.29+0.76° 35.90+5.90° 11.60+0.10P 10.30+0.74¢ 10.64+0.22° 17.74%1.73°
3 5.00£0.08" 61.38+0.59¢ 11.19+0.15 13.47+1.17° 10.38+0.17" 19.74+1.31¢
5 4.19+0.56 67.59+4.34° 11.24+0.64% 13.09+1.12° 9.96+0.15 22.97+1.18¢

All values are expressed as mean+SD of triplicate determinations; Means in the same column not sharing a common letter
are significantly different (p<0.05) by Student-Newman-Keuls.

Data represent the mean and standard deviation(n=3).

IR F2rAl9ke] vl Al ZH2F 1% (w/w) A8 Al Wy 710 S23A = 19.65

%, inl b F A= 31.49%, M 7HE FRA = 44.78%, nlE7HE FRA = 29.11%9)

PAHs #4&S HAT 71& F2A9 4% @49 1%(w/w) AF
Z

g4 ]
10.30%, 4Frw AHANEE 1774 %9 #HAE&S ®o] X 7|4k EF&2A 1% (w/w) g

S 5 =
Fel @ & At

=== A tlve carbon

o

==& |urminiurm silicate

o

Aod clay

Concentrations of Benzo(akpyrens {pphj

o

1] 0.3 0s 1 3
The content of commerdal absorbents added to oil (%)

Fig. 9. Effects of commercial absorbents on the reduction of benzo(a)pyrene in
edible oil(edible oil, which was spiked with 12.93ppb benzo(a)pyrene).
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Hoo ol = 28749 benzo(a)pyrene® SFeFS 12.93ppb7hA] o] A X3 F F&HA F

AHFS 0, 0.3, 06, 1, 3, 5% (w/w)ZE A E3sto] AP F2A| A7 $9 FA9 3)+&S vl

o AEZ e 7R F2A9F 71EY F2A AP Al FFeS BT gacte A4S Hol
] & ¢} 3

A A A H Re 158 B39
5

I3 =
ruq 5 gEe AolE fA9 AL

Table 7. Yield of edible oil after treatment of cellulose based absorbents and

commercial absorbents in column

Cellulose base absorbents Commercial absorbents
Absorbents . ) i Radiata Active i Aluminium
o Tulip tree Pine Eulalia ) Acid clay .
(%, w/w) pine carbon silicate

Yield ratio  Yield ratio  Yield ratio  Yield ratio Yield ratio Yield ratio  Yield ratio
o)

(%) (%) (%) (%) (%) (%) (%)
0.3 95.23 93.33 95.15 96.79 97.14 96.71 96.97
0.6 94.29 88.29 90.64 94.11 96.88 96.44 95.58
1 89.86 74.20 83.09 82.68 95.66 94.74 94.84
3 75.26 52.86 61.79 69.29 93.93 93.57 92.75
5 60.66 1471 42.15 39.00 93.67 93.17 91.34
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o F% 3 F7]E9 PAHse Z33+= Table 8 ¢
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Table 8. Concentrations of PAHs in sesame oil with different roasting condition

Roasting Roasting PAHs (ng/kg) 2
temperature time
(C) (min) B(a)A CRY B(b)F B(a)P Total PAHs
Raw 0 0.89 0.38 0.17 0.17 1.62
10 0.93 0.41 0.18 0.18 1.70
150 C 20 0.91 0.42 0.17 0.19 1.68
30 0.95 0.44 0.18 0.19 1.76
10 0.91 0.46 0.19 0.19 1.71
180 C 20 0.92 0.48 0.19 0.19 1.77
30 0.97 0.56 0.22 0.20 1.95
10 1.13 0.47 0.21 0.20 2.01
210 C 20 1.13 0.59 0.25 0.22 2.19
30 1.80 0.62 0.30 0.24 2.36
10 0.97 0.53 0.31 0.20 2.00
240 C 20 1.27 0.61 0.45 0.24 2.58
30 1.30 0.72 0.55 0.35 2.92

"Mean values+SD of determinations for triplicate sample
®Value within a column with the same letters are significantly different (P<0.05)

Table 9¢] AEZ o~ 7Iuk Aol F2A 1%(w/w) A2 A7 #7159 total PAHs:
0.87-1.96pg/kg &% ERELO.w fﬂxﬂ A2l del 1.62-292 ng/kg 7 wluate] Frdhe
FE& B om, benzolalpyrenee] 749 240C 301‘%9] 0.221g/kgZ A 9)tiE nd ¥Hor
A ] 0.17-0.35ng/kg ] ashet 1 o] i@ Ae AT 5 vk

EIO{' ot

Table 9. Concentrations of PAHs in sesame oil after treatment of Eulalia based
absorbent (sesame o0il, which is roasted with different temperatures and time)

Roasting Roasting PAHS (ng/kg) 2
temperature time
C) (min) Ba)A CRY B()F B(a)P Total PAHs
Raw 0 0.63 0.24 n.d. n.d. 0.87
10 0.64 0.30 n.d. n.d. 0.91
150 C 20 0.64 0.27 n.d. n.d. 0.94
30 0.71 0.30 n.d. n.d. 1.01
10 0.65 0.34 n.d. n.d. 0.99
180 C 20 0.66 0.30 0.15 n.d. 0.96
30 0.76 0.42 0.16 n.d. 1.18
10 0.79 0.39 0.17 n.d. 1.35
210 C 20 0.73 0.49 0.20 n.d. 1.42
30 0.89 0.44 0.24 n.d. 1.57
10 0.63 0.42 0.23 n.d. 1.28
240 C 20 0.98 0.45 0.38 n.d. 1.81
30 0.83 0.50 0.41 0.22 1.96

"Mean values+SD of determinations for triplicate sample
®Value within a column with the same letters are significantly different (P<0.05)
SND, Not detected
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2oy 2708 2Este] & @ AVEY AR VW FAA AY A, Fo 2UtE F3
of o]gtet £ W7HE ST wRAFSAATAY HErA AAIE 24 AT wad
mEw 275 Ab7kel A FA7IES 40 olstela WA 3.2 olstz WAIH At 9
A dgelA 228 2108 deste] & @ V159 Ak W 068-2120.2 SAH YA,
AERes 7k AddA F2A 1%((w/w) A2 $-9] Ab7k= et 0.25-2.87 ©]9lom o=
AT A et AbmEe] Atk

A7k A FEEE, HEAIR 9 GaaAE vErde] Table 109 2Fo] Fe A7k
I L7h Srbebel mel S7beke FAE dEhlith 150TeA #2 ARRE A&
7152 104, 20%, 30% AHel Al 168, 1.74, 1.81 2= F3& T7F FAE Hoom FHA A
gl F o= 118, 1.37, 118 & T3l A2 FAE Yol

Table 10. The effect of cellulose based Eulalia absorbent treatment on the acid
value and free fatty acid value of roasted sesame oil

Roasting Roasting Acid value Free fatty acid value
temperature time (mg KOH/g oil) (oleic acid %)

(C) (min) Control ﬁﬁzz(t)rrr?:rrll‘g Control ﬁg;?ﬁeer?g
Raw 0 0.68+0.11 0.25+0.11 0.34+0.05 0.13+£0.05
10 1.68+0.19 1.18+0.11 0.85+0.09 0.60+0.05
150 C 20 1.74=0.03 1.37£0.11 0.87+£0.05 0.69+0.05
30 1.81+0.14 1.18+0.11 0.91+0.07 0.60£0.05
10 17520.05 1.18+0.11 0.88+0.03 0.60+0.05
180 C 20 1.75+0.11 1.75+0.11 0.88+0.05 0.59+0.05
30 1.74+0.11 2.31+0.11 0.87+0.05 0.60+0.05
10 2.12+0.11 2.87+0.11 1.07£0.05 1.44+0.05
210 C 20 2.12+0.11 1.37+£0.11 1.07+0.72 0.88+0.05
30 1.62+0.11 2.25+0.11 0.81+0.05 1.16£0.05
10 1.93+0.11 1.56+0.11 0.97+0.05 0.78+0.05
240 C 20 1.75+0.11 1.37+£0.11 0.88+0.05 0.69+0.05
30 1.75+0.11 1.56+0.11 0.88+0.05 0.78+0.05

Fig. 119 232 ww 210C9) 23 Aslstans Aol 7w A2z F234 A A
F Wb fEAMAbE gasts Ae estgon Amos Ay
z

PAHs §28W ohe} A7), felAihs gadsls ads a3
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Fig. 11. Changes in acid value of roasted sesame oil (sesame o0il, which was
control and treated with Eulaia cellulose based absorbent 1% (w/w)).

(W) F3A A8 -39 #4st E719 vl

228 248 st FE3 F|Eo AER oAV F2A4 Ag AT I EIE
23l ol3}stzr EAHNE &gk 180, 240TColA EAHE FIEo HAEEILE
058-0.67% 228 A e F7E9] kol 1.33 B WA veof skl axrt ok

I AR HEL E3 210C 2AE Z2749 067-142 Hu} 240C 22A"zxAe wakstEr)rt
058-0.83 o2 ¢ 9A SAHEIL olF T =7 S7Fsh wel b A o] ol A}
2 ¥ H(Table 11).

Fig. 129] Ay wg} AEZ e~ 7|Hk AAA] 24| 1%(w/w)el A #5571 Fits s
Zhel MXE S BW 150, 180C E2AE ZZAdAE ZistE AFS Holu Aukzow
A A4S YERY E A A rE 35 HatstEE St 4 dES A &

= Aow vy
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Table 11. The effect of cellulose based Eulalia absorbent treatment on the peroxide

value of roasted sesame oil

Roasting Roasting Peroxide value
temperature time (meq/kg)
() (min) Control Adsorbent treatment
Raw 0 1.33£0.06 0.92+0.29
10 1.83+0.06 1.67+0.06
150 C 20 1.08+0.03 0.83+0.06
30 1.33+0.06 0.67+0.06
10 0.67£0.06 0.67£0.06
180 C 20 0.67=0.06 1.33+0.06
30 0.58%0.03 0.58£0.03
10 1.42+0.03 1.67+0.06
210 C 20 0.67+0.06 0.83+0.06
30 1.08+0.03 1.33+0.06
10 0.58£0.03 0.58+0.05
240 C 20 0.83+0.06 0.83+0.06
30 0.58£0.03 0.67£0.06
i ===CLontral b 1
A Baar barrt treatiment e — b Esoroent treatment
12
;.
ﬁ -ﬂ; 14
E 1 E a6
: 04
- 02
faw 1 bls] 30 ) faw 1 bls] T
Roasting Lemperature [T ) Roasting Lemperature [T )
(A) 150 C (B) 180T
18
F. s iyt rol
B e =, = jbzorbent treatment
6 - = ahsorberit reatment i o .
1.4 ]
i
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% I 3
g as E 05
06 -+ o
ek 0.2
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fia i b1s) 30 ren o 2 "
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Fig. 12. Changes in peroxide value of roasted sesame oil (sesame oil, which was

control and treated with cellulose based absorbent (Eulalia 1%w/w)).
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(th) FFA A8 A-59 ofyAIA7} H]—’

22 20S GYdte] FET AUEY AERe 27| FFA AP A, 59 oA HIME

Eoto] o|3tetA Fd WIHE skt 0}14/\] 7} trans, trans-2,3-decadienal 5 ¢dls]| =

stetEo] p-Anisidine¥o] wHg-o 8 Aol AMukgo] yebes AHdE o] &3 Zlojt. &3
A A Abste] AR ' AR E I YA, ofUAH I e s ?'%V&Q%O]

ol =2 Aog o
AX Y ko] Fret 7| E o] A= & sgEo] o]o 7|oste] {A] Absh Eof g H] ¥ 5]
A= RHo=w HWIE YT

210C =2=8® zx7olA 289, 3.16, 3.609 7HE =& olUAE7FE YEHSl oW 240T 9 #&
23 715N 1.82, 1.65, 2529 o] HlaA yre ofyAdrtE YERATH(Table 12). &
2hA A Al 150C =28 oA += 098, 346, 1.528 F32F ol Hl&f st 43S B
210C 228 oAl 258, 3.29, 3429 240C 22~® ZxloAe] 1.39, 2.83, 252 =

4

R

O]]/]— ) . ’

FAAS R AHE wolt A Ak AEEes v Adel FAA 1%

(w/w)el Ae] F577F obyAIR 7ol M A= s BH dAwbd o FARE s yehly &

2k o] A7t A& el 4 st F= Ao yeEt. oA
¥

o ohJAEst Fel o
o A/1BY A F AGB A Ao 458
Table 12. The effect of cellulose based FEulalia absorbent treatment on the
p—Anisidine value of roasted sesame oil

Roasting Roasting p~ Anisidine value
temperature time
(C) (min) Control Adsorbent treatment

Raw 0 2.60£0.03 2.57+0.29
10 1.26+0.00 0.98+0.01

150 20 3.95+0.04 3.46+0.07
30 1.53+0.40 1.52+0.20

10 2.45+0.08 2.42+0.15

180°C 20 2.42+0.24 2.69+0.17
30 3.43+0.38 3.86+0.00

10 2.89+0.16 2.58+0.10

210C 20 3.16+0.06 3.29£0.33
30 3.60+0.16 3.42+0.17

10 1.82+0.11 1.39+0.35

2407C 20 1.65+0.07 2.83%0.12
30 2.5210.03 2.56£0.44
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Table 13. The effect of cellulose based Eulalia absorbent treatment on the iodine
value of roasted sesame oil

Roasting Roasting Todine value
temperature time
C) (min) Control Adsorbent treatment
Raw 0 102.30+.0.24 110.77+.0.24
10 109.50+.0.38 116.29+.0.24
150C 20 112.79+.0.24 116.09+.0.24
30 114.28+.0.24 117.58+.0.48
10 109.08+.0.50 117.61+.0.24
180C 20 112.41+.0.46 113.38+.0.23
30 120.50+.0.24 124.51+.0.24
10 105.28+.0.23 110.67+.0.23
210C 20 106.41+.0.23 119.76+.0.24
30 104.55+.0.23 118.35+.0.23
10 102.28+.0.23 107.10+.0.24
240C 20 107.13+.0.23 110.84+.0.24
30 114.55+.0.23 106.26+.0.24
140 140
120 | . ¥ x 1 120 | . ] - _._.___...—-I
100 i_'_'_'_-_._-_!_ = : 106 ?_'_'_._._F't-_-—_- e
B —+—=Cant B —+—=Cant
A 10 20 a0 A 10 20 i
Masting tempersture fmin] Masting tempersture fmin]
(A) 150 T (B) 180T
140 149
110 1 ; _f_ *} 110 - - - .——-—"E
106 ES - 2 : - 100 g_r_.———-—-z"' ;|
% EQ _i B
B an ——Cartml E . —+—Cartocl
E i o= Aosorbent estment .3 -|; o= ADsorbent eatment
Sh 10 20 o S i 20 o

Roasting tempersture fmin] Rossting tempersture {min]

(C) 210C (D) 240C
Fig. 14. Changes in iodine value of roasted sesame oil (sesame oil, which was

control and treated with cellulose based absorbent (Eulalia 1% w/w)).
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(h) FFAAY A-F Mx9 vl
2 A= dF AEFAS 759 Mgt AERe 2 Vv AA] F2A 1%(w/w)
Al Fo] A=z SAHSAT A= sk71 $18 AA AAANE 4000, NIPPON
DENSHOKU Co., Japan)Z A}-€3}te] Hunter color value ¢! M%(L), A %(a), %=
SAsEAT 759 B¢ BEE HEWE Lt Fa Algto] Skl wel aeks
Hom Ee £xvt F7Hge] wel 309 He oA 4% i
gzt whel bk 240Col 4ol A w43 F7kete 23E Uedlled o H5
o] F7hghol w}a} A3k n % | doju} W AL gho JIFs nA= Aom gy
th 53] 22" 2E7F 240T o)A e 1 gto]l AAE As BHAed olu] A3t vhg
7 wel %1011& o= /\}ilﬂlﬂr(’[‘able 14).
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Table 14. The color changes of sesame oil with different roasting condition using
L,a and b

Roasting Roasting Color
temperature time

(C) (min) L a b

Raw 0 81.91+0.64 -0.96+0.01 10.31+0.01
10 94.72+0.01 -1.86+0.00 6.94+0.01

150C 20 90.63+0.01 -1.9+0.04 8.53+0.03
30 91.37+0.01 -1.82+0.01 7.96+0.05
10 91.15+0.03 -1.85+0.01 8.58+0.03

180C 20 89.95+0.01 -1.84+0.02 10.1£0.02
30 87.21+0.01 -2.21+0.03 11.25+0.02
10 95.75£0.02 -2.8+0.02 10.11£0.01

210C 20 84.26+0.04 -2.75+0.02 18.64+0.01
30 45.67+0.02 0.06x0 20.69+0.01
10 95.08+0.05 -3.17+0.02 12.42+1.46

240°C 20 81.83+0.03 2.53+0.01 22.47+0.14
30 20.54+0.20 -3.21£0.02 52.78+0.06

Table 159 AE20 2~ 7Rk A F2A 1%(w/w) A2l 2z, A d¥ vl o
240C 1089 Z2E ZAL AYst nE 228 Z2AA HEr Z71Ee ASS Heon
e} A= mushy fadsts A4S BATH FRA AP A R SR vl A
HE FAE 3T & Ao ols FAY F& wE Ay 5+ v
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Table 15. The color changes of sesame o0il with treatment of cellulose based

absorbent(%)
Roasting Roasting Color
temperature time
(C) (min) L a b
Raw 0 87.56%0.10 -1.30+0.01 8.94+0.00
10 96.45+0.03 -2.40+0.00 6.34+0.01
150C 20 88.85£0.03 -1.61+0.01 9.29+0.03
30 90.01+£0.02 -1.64+0.01 9.5+0.00
10 92.32£0.02 -1.82+0.00 8.49+0.02
180°C 20 92.34%0.05 -2.21+0.01 9.76+0.02
30 88.95+0.04 -2.01£0.01 11.03+0.01
10 96.23+0.03 -2.93+0.02 10.04+0.02
210C 20 85.33+0.04 -2.80+0.02 18.31+0.02
30 49.87+0.07 0.037+0.01 20.08+0.01
10 94.17+0.02 -3.02+0.07 12.05+0.05
240°C 20 82.41£0.03 2.63£0.02 21.04£0.03
30 22.53+0.04 -3.08+0.06 52.02£0.02
(Bh) M2 & 228 259 HF5 2&2d 9% FrEd AEEZ2 7|6k HE=EY 9
FZA Ay A9 A4 £4 vl
@O standarde] 4 ZA3}
A BFEEALS 37-component FAMEs standard mixture(supelco), W% X+&=3

nonadecanoic acidE AF&3t9 a1 1 A3E Fig. 159 2t}

FID1 A, Feard Segral (W ORAMKL AL TES T 201-05-05 ve-08-2100 0 FE 8L

Lliy

Clkle

L1k Ini

i
150
C1B2nk

1}
5 8 5 0

Fig. 15. Chromatogram of 37-component FAMEs standard mixture.

(on a 60 m x 0.250 mm ID, 0.25 um DB-23 column.)
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Table 16. Fatty acid composition of commercial sesame oil (%)

sesame oil A sesame oil B sesame oil C
palmitic acid(C16:0) 9.39£0.01 9.49+0.03 8.64+0.03
stearic acid(C18:0) 5.47+0 5.540.01 4.78+0.03
elaidic acid(C18:1n9t) 0.21£0 0.14%+0 0.13+0
oleic acid(C18:1n9c) 39.53+0.01 39.92+0.02 37.77x0
linolelaidic acid(C18:2n6t) 0.22%0 0.15%+0 0.16x0
linoleic aicd(C18:2n6c) 43.67+0.01 43.2%0 46.9£0.03
r-linolenic acid(C18:3n6c) - - -
linolenic acid(C18:3n3c) 0.34£0.02 0.37£0.03 0.38%0
arachidid acid(C20:0) 0.65%£0.01 0.62%0 0.6%0
cis—11-eicosenoic acid(C20:1) 0.16+0.01 - -
2 AFM s ZaE 259 AIHS GEd VY ALY 24 AEZe s TR A
ol 5 A 1ge Aga 24 st 2o9 242 9

L7159 A skl 2ol linoleic aicd(C18:2n6¢), oleic
wEl Ak 240 WetE 3A] AR A

)
WAoR SEREFHAWAS oleic acide] FEo] Bg Lmsh Alzte] Frhel whe yRA

Table 17. Fatty acid compositions of sesame oil with different roasting condition (%)

Roasting Fatty acid(%)

Roasting
temperature (€)' time(min) 16:0 180 181 182 18:3n3
Raw 0 930£0 5312001  3946+001 45490 0.32+0
10 930:001 52640  3946+001  4544+0  0.44+0.01
150 C 20 889+001 504001  39.43+0 459650 058001
30 9.07:002 521005  3945:014  4558:0.1  0.59+0.02
10 9.36+001 52840  41.63+0.02 43014002  0.60+0.04
180 C 20 9.08+0 5.03+0 39.35+0 458450 058+0.01
30 9.06:001 5040 3935001 4584+0.01  0.59+0.02
10 916+001 5210 395+0  4547+001  055:0.02
210 ¢ 20 8.3+0.02 4.96+0 39.41+0 444850 058+0.01
30 9.08£001  537+0.04  4072+0 4435001  0.46%0.01
10 9.36+0 5.31+0 406120 44.03:001  058:0.04
20 T 20 934024  572+0.11 4142018 431001 034033
30 912:001 4950 33,8140 44820 0.9+0.14

"Mean values+SD of determinations for triplicate samples

AZZ o 79k AiAA F2HA 1% (w/w) H el & 7159 AWil 242 F23A A A
o] &} o] linoleic aicd(C18:2n6¢), oleic acid(C18:1n9c) <o & Bttt &F2A A7 3
3} AAEQl palmitic acid(16:0)2] H]-&o] Zu¥bHQl 2 A8 ZHNA 7AYo stearic

acid(18:0)9] vl &%= HHbAQl 228 A F7tste A4S BT} oleic acid(C18:1n9c),

ook

o
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linoleic acid(C18:2n6¢), linolenic acid(C18:3n3c)9] H] &L BEH oz F7F ¥ 7HA7F Ho] &
24 A2 Al A W3S BolA| ekt

Table 18. Changes in compositions of total fatty acid of sesame oil roasting with
treatment of cellulose based absorbent(%)

Roasting Roasting Fatty acid(%)*
temperature
(C) time(min) 16:0 18:0 181 18:2 18:3n3
Raw 0 9.10£0 4.80+0 41.67+0 44.01£+0.01 0.3£0
10 9.42+0 5.36x0 39.55+0.01 44.93+0 0.62+0.01
150 C 20 8.370 3.44%0 43.22%0 44.32+0 0.53+0.01
30 8.21+£0.04 4.30£0.05 40.12+0.14 46.76+0.1 0.48+0.00
10 8.29+0.01 3.43+0 43.05+£0.02 44.61+0.02 0.50+0.04
180 C 20 8.76x0 2.66=0 43.54%0 44.33+0 0.57+0.01
30 9.01+0.01 4.98+0.01 39.41+0 45.90£0.01 0.58+0
10 8.85£0.01 5.15£0.02 40.32+0.01 45.2+0.01 0.37+0.02
210 C 20 8.00£0 478+0 41.21£0.01 43.27+0 0.47+0.01
30 8.82+0.01 3.61+0 43.33+0 43.93£0.01 0.28+0.01
10 8.23+0 4.37+0.01 43.81+0 43.01£0.01 0.47+0.02
240 C 20 852+0.24 4.92+0.11 43.05+0.02 43.08+0.01 0.31+0.04
30 8.22+0.01 4.81+0 39.94+0 44.75%0 0.88+0.02

"Mean values+SD of determinations for triplicate samples

(4) #5327}

= Al s AR vE 2aF 23004 FaE FVS o] FUVIS AERS VN v
= AdAA F2A A 5] deHrr Blas AAsAT 37152 150, 180, 210, 240C
20 =AY 2wl ZAiRokdlal, o Ui AERes TN Al FAA A
1%(w/w) A 2lstAqth. dsHdAE 98] F=istn sty 2 tistd Al 309 & thdoe= 4N
A 712 AAbE AAY BoFEE o 9@ VMY, FAdE), Pl Ve=
(L2 @A, A, & d@A), TEH £ XA A¥E Table 19 o YERYATA =
“41‘40] Wol @ojgtt, 7 = s wol

=0 J|TEE Byt

= gk o] @ A
240ColA 7Hd =& S B, 150TCHA 71 92 25 2ok & Ao Za =
3 240ColA 22" 3 AS M ¥ TS RYa, 150TCAdA M 94e 5 BATh
THA F Ve A 240TCelA Zx" 3 A4S M =2 FE2E B o E T3
ANEo AAY 7ZeE B 2a® 2527 240C € W 7P £ V|EEE B, 150T
A u 7Y ve VEEE BT
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S2A A A3 wlaste] F2A A A @ 7lsee] 4% 150, 180, 210C =AY =
ANNE Zadte AFS BHIo, 240C 22" A 247 vlaste] 2 7|3k s
Bl AAZ v 7|F3% wA3 s 150, 180C ZA"olA <kzk F7 sk 210, 240C
22E VFE HUE 1o xS E%E} 210, 240C 22" ZAdA F&=A Ay A 1
gk o) Vs et FaskA Rk AbejF ek ' WAl VSRR AT AAA VEEe
RE B2 oA 34 Ag F 7|57t vopA = A¥dE BHAATh

Table 19. Results of sensory evaluation between the control and treatment of

absorbent
150C 180T 210C 240C
Treatment Treatment Treatment Treatment
Control Control Control Control
absorbent absorbent absorbent absorbent
Appearance
. 2.85 2.77 3.31 3.23 4.23 4.35 3.65 415
quality
Color 2 1.88 2.35 2.27 3.81 3.38 5.62 481
Oil-
. ' . 2.92 3 2.77 3.04 412 3.46 4.81 4.04
immersion
Flavor
. 2.19 2.38 2.31 2.69 4.42 411 4.77 4.69
quality
Spi
piey 2.19 2.23 2.38 277 3.58 3.31 473 427
fragrance
Rancid
4.42 4 3.77 3.92 3.88 3.65 4.15 3.92
flavour
B
urnt 3.04 3.27 3.54 3.38 358 3.38 4.46 4.27
flavour
Texture 2.89 2.88 3.08 3.27 3.65 3.69 454 4
Total
o 2.19 2.08 2,58 2,65 435 4.08 473 458
preference
u, 28
JFE A FAA AL fol mE fA9] PAHs 84 978 Estol =Y, davy, 08
d 37HA FElel S2A FolA vE=Ed F2ATE Bla)Pol tiste] 7 =& FAEE R
WE, 20, oA, Mg v AERes FRA sd 48 A 1% 48914 BaPel §
e AYYA 7N AE20 2~ FAA 7 =2 AS g0 & F U olE FUFE
7haa Aol A8kl 4F 9] total PAHs 3ol 087-1.96ng/kg #asts Z3E Adon, o
didol 7 =2 B(@PY A9 240T 30%S AL e 228 2744 PAHs7F AEFHA
ol 023 AES AL 5 Yt shE A A AL §Ho 2 §X9 TAHG A=
AERo s FAAE 44U 0 sk AR AW 8=k wAs} A
o7 TArde AEFE B, #eHE A3 210, 240C 2" ZHANA F2HA A7 A o
A%k 3o 7|E&TF ASAAR A e ' WA Y] sk T fHAste As ST
A AT
ojef e A AE Fal 4PAHsS S =7 7MY =& AEE0s 7N FERAY 9%
2 3RS TR, 44 AETA FAAS 48 A ol3sH EARE ATT AL
2 7]
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3 5
dettz e Aol v BEW FAA 35S AFwol Ao
S gAA AzA 47 e 84S Agsd Azd Ao 77

R L ]

589, NaOH/Urea 8% ALgal Alzsgich & A9lA F2Ae a537e vgow

@ ARV SAFL AxFAlgon, Al AHF e A VN BEY FAA=
. x4 180C =

(A) B) © (D)
Fig. 16. Samples prepared with absorbents.
(A: Control, B: NaOH/Urea film, C: LiBr film, D: DMAc/LiCl film)

@ F&

ANEE F 9 dHEA E3ste] of 50g & FEeA Zol & 100mL & ¥ol 903 25
3 FE3}h o 7)o d4b oF 100mL ¥ WEEFY ImL S Yol TEAYAR 58 #3
Al Ae the 3087 290 FESh 4SS EAZYT)C &7]a ThA] B0l b of
S0mLA S Wil 23] Rb&Reto] & FE3 5 IS Fsto] B i g3k F
k5ol B oF 50mL & 9o Ak, o] AiES FFIAMUERS Y€ oAHAE ALEEY
g o 7ek thg 40T FEAA et (oF 700m bar)dte] @4F o 2mLo]l @ wj7hx] FE
Eia=s

@ ABA

A A= florisil cartridgeE ©]£3}9] dichloromethan 10mL ¢} n-hexane 20mL%® %% 2~3
W &2 FEAIA 24312 F AMES AT A S florisil cartridgeol A1 3@ 8=
7}8ke] n-hexane 5mL$} n-hexane: dichloromethan(3:1) 156mLE el &E AT AAld
EEHE 40Colte] FEFAA A7t st w5 92 g & AFES Acetonitrile ImL

| 52 & ol& ¥F7 045um PTFE membrane filter2 o #}3to] HA o= 3F¢t},

2

@ 717124 =4
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A azutE 1y o] 288 Supelcosil LC-PAHs (4.6 x 250 mm, 5 ym)ES 35Co|A A&
3}l 10uLE injection 3T}l o] A O 2 acetonitrile® &9 T3 (8:2)S 40-45E 7 A & B}l
e 1.0mL/min &8 AAgo HE7] 4L o734 294nm/9 F9E 40dnm o 2 A%
t}H(Table 20).

Table 20. HPLC-FLD opearation conditions for PAHs analysis

Instrument Dionex  U3000 HPLC
Column type Supelcosil LC-PAHs Column(25 cm X 4.6 mm, 5 pm)
Injection  vol. 10 uL
Acetonitrile Water

Mobile phase
0-45 min 80 20

Emission (nm)

Excitation (nm)

Wave length
0-45 min 294 404

Flow rate 1.0 mL/min

® HAA

PAHs3% 58 9 (Benzo(a)anthracene, Chrysene, Benzolblfluoranthene, Benzo(a)pyrene)<
acetonitriled F-&3lo] 20ug/kg FTEE ZAFAT. o= vAE=RE FAsa 50ugkg
3-methylcholanthrene % F8& NS ZAste] AxFTA Algo Fste] F4skA k. HPLCA
FYote] 4 ARvEIHS FLE-AARE F3 AFHES AAhste] Al T PAHs &S

Fshe e,

® AAAE
o) 2olA 2loja AmviEadge NaE 598 FAZANNE FEse] 29 o
TE5 AI7H} e x| Efo]oF sl
@ AFAE
ABmA AN Aol EEEAT YEEZEA wad gor WAN[AS/AISIE YEow &
2 mEEdel FEZ X %oz ad gumds A4sn  A@sde wx)
[ASAM/ASAMIS]E Y=°| thste] PAHsS =& A4

AS AHFTHAEFEY] ¥FEF yauy

ARmAgEgoe] YrErEd Wandos

AIS Ao A 2~nE KOH

ASAM @ Al@&ole] PAHs ¥ 297

ASAMS : A@gole] YugaEd vaud

(W) 71E T FFHAE ol &% 718559 PAHs 4
D AE292 71w T340 H&
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°F 10ge @ob WPEFEY ImLE W7Hstn FAAUI Do £711 8%
& o g

= welste] tE ez (IDel

50 AL F AAsY =5 e
At =30 4k 50mLA S Wil 99k o] 23] HFolste] TS ZHZHII(De F
o= S0mLA S ¥al £50 A2 F AAslY =52 wHe 22e 238 HEo|H It
Sol olEdo] Add A-ol= 5~10mLe] HMEes M7 § WAso] dEds A
B Hdn A2 FFIAMUER oF 15gs ¥ AHAE AbEste]l gdgolddt 5 4
0T olste] =&l A4t of 2mL2 530t

F2ed NELHAE g UIFE29E 10mL 2 94 20mLE 29 2~30g £EE f
=412 5 ARRET o] FHEZA O] 9] FEAE ¥ 4t bmLy} #Al/HE 2 2 eh(3)
15mL= 2t &FA17 § o] §F NS 40T olste] s|FEHA Ahvte Sto w5023
T AFES oHEYEDN K9 AFS ImLE 3 o]E 045im HEE QA ZERZ o 115
ANggaoz 3t

® 717184 =4
AR E 1y o] 28 S Sypelcosil LC-PAHs (4.6 x 250 mm, 5 ym)E 35Tl A A&
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3o, 20uLE injection 3FTE ©]F54E acetonitriled} &9 £ H(8:2)2 0-20% ok
acetonitriles 20-27%, UFA] acetonitriles 27-40%, acetonitrile®} 9] &£391(82)E 40-45%
7HA ekl o™ FEFe 1.0mL/min &2 Sl AE7] 32 0-14870A o713 254nm/¥
B34 390nm, 14-2627FA o713 260nm/ 38 F 3¢ 420nm, 26-457FA1 o 7134 293nm/
F 43 498nm o= A5t (Table 21).

Table 21. HPLC-FLD opearation conditions for PAHs analysis

Instrument

Dionex U3000 HPL.C

Column type

Supelcosil LC-PAH Column{25% cm X 4.6 mm, 5 pm)}

Injection vol. 20 ul.
Acetonitrile Water
0 min 20 20
20 min 100 0
Mobile phase
27 min 100 0
40 min 100 0
45 min 80 20
Excitation {nm) Emission {nm)
0—14 min 254 390
Wave length
14—-26 min 260 420
26—45 min 293 498
Flow rate 1.0 mlL/mimite
® 947
PAHs¥+89%( benzo(a)anthracene, chrysene, benzo(b)fluoranghene, benzo(a)pyrene)<
acetonitriled]  A&3te]  Sugkg FER  zASUth  olE  wAME  NEu
o]
H

3-methylcholanthrene %8NS ZA St &5 Alg5d FYsto £43kth. HPLCA
sto] A2 AZvtEONS FE-WAHE Fd AFHS At A5 5 PAHs &S

],

o

o AmstEadde] Yar FAF ZAEANAE £F 8 A v

o
T
EN
)
>
2

[¢]
AYFHAN Qo EFEEAI YREFEAC va0] 3k AAU[AS/AISIE YEOR &
24

2 mEEde wEE XHoE sl AWRUS AL A@sds @Ay
[ASAM/ASAMIS]E Y=l thelste] PAHs® =& Alitstsint

As HEFTAEFEA 54 a4

Ars AFFTAETERY W FEE=4 93

Asam : Al golo] PAHs 3| =W 4

Asams CAHEAY YHREFER aHA
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4 AANEHE AT A FRA A4S A7 B2 ARSHEED 2 BLEY
Fa49%
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ol
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lo
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A

b FETB
ve shdstel FFow & PPN P4 3ge AU Dok, FAL ok d; 105 1

TC
123
i FAE 4% vl A

Z7)el gol 4Nz A% F g AAelE dol A o 3027k 23]
FHAE 1247 2zsto] o] B mz7bA] e 242 wEd
FE%) = 2100
a:  AFPAL FAQ)
bro AFHAL @A FAQE
c: Az F FFo| HAL we] FA(g)

(W) =38 &%F

MZE 258718 A7|E Ee 7Ry olA 60
A Aol el &7 Ao A3 vy 2 313}
of Az H#Fsta o] =4S el 2 wrkA , &715 2R 3]skl &7 550~600T
oA ol ARt Zhdsto] Aoy ol 3lito] dojd wi7tA] A& 35T 2 ¥
7FEE Al adE AE 257F oF 200CE HAS W A A elEdd &A A3 §F A
ot

oz o7 A ZaA AAE F
Hoz Ay vhal 243k A 7t st

o] A}

o O3

X

Mr &
o, Jz

ol

W, — W,
3] 8 (%) = %x 100

WO : &ke] # 331879 FA(g)
W1 33} 59 33879k 3329 F7(g)

S o AAY AFHH(g)
(o) 2=
B2asle A 52 1g AEaA gol 70% ol o] 1008 3A & 29 FE7]E ok A7
e FEIT FEA dwd SFow ol "ol AwkS uy] 9 AR T AT A
< FHske 01~10 ‘:M A F¥= =48 £ JRE Iy FIEE

() A=

Aol =2 gEuytor BAYE AEA (Hunter Color, SP-80, USA)E Al&3lo] A gk}
THYPEH Y AERZA AR FEHE dueEd FET AAFHEH AEE 3WEOE
Hunter #2791 L, a 2 bats SAAH AAAEH Ass S22 AEE 1g AEH
Azt 70% ol gkl 1008 3|43 § 251 FE712 6AERE 4 FE5ke] Azt

(v}) Ginsenoside &4
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AN # 05ge 50mL FHo #H3de 50% methanol® 1417 223 F&% %, 3000rpm 10min
At AsAnks 045im ZHZ o34 F Ajggdoz 3o HPLC/MSE o] &3+
A gheh(Table 22)(2) 5 2] oF &4 3. 2012).

Table 22. HPLC-FLD opearation conditions for ginsenoside analysis

HPLC/MS operation condition
Column XterraTMMS C18 3.5um 2.1 x 150mm
Mobile solution 18% ~ 20% acetonitrile
Detector PDA(200 ~ 400nm Scan)
MS condition ZQ : SIR, Negative Mode
Flow rate 0.25pL / min
Injection volume 10uL
(2) 71E T FFHAE o1& 78y FE2H7L

71 ¢t ® AT A3

AubA Tt Al 2 FF ol 5" A2 EH (Petrifilm, Aerobic count plate, 3M, St. Paul,
MN, USA)E o]&ste] Agstth, Algd&Ay 100 @A s|Ad ImlAS A &+ 2AFE
Petrifilmell HE& -, 35x1TColA 48A3F et A HS [J=ghs AlFste AH=3oh
A AlE T3 A Z"E W (Petrifilm, Coliform count plate, 3M, St. Paul, MN, USA)<
o] gate] AFFTE AFE&A ImLet ZF @A A Y ImLE gt A E5uA o HES

(th) #5871

O A9 &8 2 AA

Algel A A, gt W ukE E49 sid adEel A PAHs 34 AHE ol wE
Al s S A8 AE+ 15mL Test tubed] 10mL ¢ &85 #Ha| v

T = h54
Aokl © Agel Aotk Hd 295 97 AEE o] §% WsUAES 7 SHWE =/E
Z1ZEE RAGES o 548V A LEFoR das 54 YRR FeAa 95
2 25% 549 &85} dAE AL YehEE g
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% A% 2 1@
W) AF FAAA F2A 48

7h) 7tF 38 Al FF2A AHE 75 & 74754 F4 PAHs 3F 4

O EEE&Y9 A=

X549 PAHs 4% (Benzolalanthracene, Chrysene, Benzolblfluoranthene, Benzolalpyrene)
I YH 2 FEZ Q] 3-methylcholanthrene 8-S THE0] PAHsE SAIERE g4t 54
of 3-methylcholanthrenes A4 F H7kste] 3, 5, 10, 20, 40ug/Le PAHs ¢ 50pg/Lel

3-methylcholanthrene &3-8H-& w50 i+ A&t

5 57
EFBAL S0ug/LE SAste] SN EE§ANS 2427 AR Fh F A@stach A
J z 2F A At

B(a)A Chrysene
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2 0.80 RE=0859 )ﬁ
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0 10 20 30 40 50 Benzo[a]pyrene concentration (pg/L)
Benzo[b]fluoranthene concentration (pg/L)
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Fig. 18. Linearity of PAHs calibration curve in HPLC/FLD condition.
(A)Benzolalanthracene;(B)Chrysene;(C) Benzo[blfluoranthene; (D)Benzolalpyrene.
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ol %47} F Agstalen, 4E@A(LOD)E= 0.13-0.18pg/L, #

Table 23. Limits of detection (LOD) and quantification (LOQ) of PAHs

PAHs LOD (ug/kg) | LOQ (ug/kg) PAHs LOD (ug/kg) | LOQ (ug/kg)
Benzol alanthracene 0.13 0.41 Chrysene 0.18 054
Benzol Alfluoranthene 0.18 054 Benzol alpyrene 0.15 0.44
@ 3+&
Azxe AR PAHs %89 20ug/kg 2 WHEFE22<2 3-methylcholanthrene < 50u

g/kgo = 3lAsto] ImL F7bstel dAe 3 5, &S SAHSSA. Z12Fe] PAHsSF W5 %
== 57

=24 3-methylcholanthrene ° W3t 3|4& Aye o3 2o H 87-91% 9 34&
S Ho] Ao Agsitts AS HoFtH(Table 24, Fig. 19).

Table 24. Recovery of PAHs and 3-methylcholanthrene

PAHs Recovery (%) PAHs Recovery (%)
Benzol alanthracene 87.18£0.62%6 Chrysene 90.75£0.45%
Benzol blfluoranthene 87.02+1.45% Benzol alpyrene 90.59+0.67%

Jmethirolangens
2,000,000 Benldoyrene
1,000,000 Bespiete 5000 000-
15000004
750000 3750000

1,000,000+

Benzolganiivacene

500,000 250,001 Bensearibracene

J 12500004
Y
&

500,000 i . i ™ 00000 . ; —0 1o T T ! e
00 10 10 10 @ 450 10 100 200 00 0o 480 00 100 200 00 w00 480

(A) B) ©
Fig. 19. HPLC/FLD chromatograms of PAHs from dried red ginseng.
(A)Chromatogram of PAHs for standard ; (B)Chromatogram of PAHs for spiked
sample ; (C)Chromatogram of PAHs for sample and ISTD.

Banzolb]fuoranthene
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Chysene f' l
Peak 1 \ |
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(4) A2~ 78 FFA19 PAHs 3% BH7F 2 HAH35 94
exo wa Az 271 ZdEste] Axd Az PAHs9 A= Table 259 2k
Abol Ao A BF e Aol o8 BAHE PAHs7F kel EQHEAY S4ke] Ak oAl

_58_



R Yo SAAES AlA, FAkst
! W EE Abgee oA R A

Safety Authority; EFSA)elA A A3k PAHs #H&X%¥<¢ 4 PAHs (Benzolalanthracene,

Chrysene, Benzol[blfluoranthene, Benzolalpyrene)®] A EE Hlw&Urt AEZ2Q~ 7)dk

F2A el PAHs 535 HAsE 9ot 258 F2HA9 T7e W& PAHs 3 =5 7}

sl Atk

O AZZF4 Az R 7HF FAHAAY FFAY A&

2 AT E A4 AxEA

AX T4 NEE AxSI A2 Axe4 dAx 25 o
= A

sglm WEY AEos A FAAS AT FA A

@ AzZTF Az FA A FFA AY FFo wE PAHs 4 vl

Az s dyste] Axd AxFA0 4 PAHs &3S 243 A3 Table 259 2 &
2AAE AgetA & dEzas A F PAHs %S 2571 S7H8 el wet dx Stk &
S BAt E3 LiBr film, DMAC/LICl filme * 23 Be} CAlE<] PAHs 332 PAHs7}
HeEd BE 25 oA dixzatol vlste] Hastgl e, v NaOH/Urea filme A2 gk D
Al tzatel Hlste] 140°Cel A o] ekl a9k 180TColA ¢fzte] S7b7F eyt whet
/] NaOH/Urea film< PAHs A 73t @371 gle Aoz 5 Ath(Fig. 20, Table 25).

Z /
5 / 2
// g A

Concentrations of Total PAHs (pg/kg)

'D H ] ) T L T 1
1] 100 140 180

Drying temperature (°C)

Fig. 20. Effects of cellulose based absorbents on the reduction of 4

PAHs in dried red ginseng.
(A)Control ; (B)LiBr film; (C)DMAc/LiCl film; (D)NaOH/Urea film.
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Table 25. Concentration of 4 PAHs and total PAHs in dried red ginseng
(A)Control ; (B)LiBr film; (C)DMAc/LiCl film; (D)NaOH/Urea film.

Drying PAHs(ug/kg) Total
temperature Sample PAHs
(C) BlalA CRY BIbIF Bapp ek
A N.D. N.D. N.D. N.D. N.D.
. B N.D. N.D. N.D. N.D. N.D.
e C N.D. N.D. N.D. N.D. N.D.
D N.D. N.D. N.D. N.D. N.D.
A N.D. N.D. N.D. 0.063+0.001 0.063
L00C B N.D. N.D. N.D. N.D. N.D.
C N.D. N.D. N.D. N.D. N.D.
D N.D. N.D. 0.081+0.001 0.082+0.003 0.163
A N.D. N.D. 1.268+0.015 0.168+0.003 1.436
. B N.D. N.D. 0.071+0.142 N.D. 0.071
e C N.D. N.D. 0.236+0.018 N.D. 0.236
D N.D. N.D. 0.943+0.025  0.117+0.018 1.06
A N.D. 0.691£0.010 1.449+0.043  3.354+0.022 5.494
180°C B N.D. 0.041+0.009 0.136+0.001 0.246+0.006 0.423
C N.D. N.D. 0.771+£0.003  0.944+0.006 1.715
D N.D. 0.165+0.098  4.234+0.109  2.885+0.128 7.284

All values are expressed as mean+SD of triplicate determinations; Means in the same column not sharing a common letter
are significantly different (p<0.05) by Student-Newman-Keuls.

Data represent the mean and standard deviation(n=3)

(th 743 4 A F2A A fFo] BE 7B 89 PAHs 3% £4

529 PAHs (Benzolalanthracene, Chrysene, Benzolblfluoranthene, Benzolalpyrene)}
F3x =22 3-methylcholanthrene (T89S 5ol PAHsE ©AE R 8|5l T A
3-methylcholanthrenes €4 H7kste] 05, 1, 2, 5 10ug/kg® PAHs® 5ug/kgel

3-methylcholanthrene 3-84S w50 EA o A&t

= 4 9]
3tal, E+E2¢ PAHs 9 552 X 02 3o A=AS AAsgT 2429 PAHs o of
st A Ade osd 2ok ZH27be] PAHs %+ 05, 1, 2, 5, 10ug/kg?l EF=8 ol jF
i Ag 7tz ARl A7t F AR AFA
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Fig. 21. Linearity of PAHs calibration curve in HPLC/FLD condition.
(A)Benzolalanthracene;(B)Chrysene;(C) Benzolblfluoranthene; (D)Benzolalpyrene.

2t7be] PAHs %% 05, 1, 2 5, 10ug/kgd) EF=gdd WEEF24L Sug/hkg® 34 3ko]
AME FEEAS A7 AR H7F 7 ddsisler, AE3A(LOD)= 0.12-0.16ug/ke, H
FALOQ)E 0.42-0.49ug/kg 1 ATH Table 26).

Table 26. Limits of detection (LOD) and quantification (LOQ) of PAHs

PAHs LOD (ug/kg) | LOQ (ug/kg) PAHs LOD (ug/kg) | LOQ (ug/kg)
Benzol alanthracene 0.15 0.46 Chrysene 0.12 0.42
Benzol Alfluoranthene 0.15 0.46 Benzol alpyrene 0.16 0.49

@ FHA AP Fo & v

BoAG = HdSE9 benzo(a)pyrened THES 1FE AFER A Z3te] A4 A

g3t v=y, AdAdy 244 FYEHS 0, 0.3, 06, 1.0, 3.0, 5.0%(w/w)Z A &3] FA}

718 AR S8t F2A A Fo NGS5 IFE&ES v A ‘“Eif’u 52 A
]_

X

.
Z7hgel met 85se BE gasts 3% woll, AdEe §4
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Fig. 22. HPLC/FLD chromatograms of PAHs from beverage. (A)chromatogram of
PAHs for standard ; (B)chromatogram of PAHs for spiked sample ; (C)chromatogram
of PAHs for sample.

& A9 F5g wohe o B FAE ot AL B F & AT AL AA Age
2o QE Aolw &8 AA FHe] Aolsk WAT ol o) 4F 5 Urk(Table 27).

Table 27. Yield of the beverage after treatment of cellulose based adsorbents in column

Beeds type Cylinder type
Adsorbents High concentration Low concentration High concentration Low concentration
(%, w/w)
Yield ratio Yield ratio Yield ratio Yield ratio
(%) (%) (%) (%)
0.3 95.96 95.07 95.33 95.00
0.6 93.89 93.68 90.29 90.21
1.0 87.33 87.09 83.47 83.42
3.0 74.00 73.69 60.54 60.14
5.0 55.97 55.90 35.69 35.56

9ste] PAHsOlA] W37} %= benzo(a)pyrened]
AstE flste] v=d, A

goll M= PAHs FH=E #Hrtetsley, Add vk &4s flste] F249 &
=

O F42E Ax € 71F FANAY FFA F&

AEZ 2~ 7|9 F2AY] Feo & PAHs §23 % H7IE $18Fe] nlo] 2 37 7} 87} 2 F-E
Al 7IRke]l v =Y AU E FHAE ATHUTE AYS59] benzo(a)pyrened] FTHS il
Tret AveR Az & FHF g2 FAAY FYFSE o8 FA 7 0-5%(w/w)E A
sto] F2=E Hluskith A & A F A FHRAS FHet FFA 8=
& Ao

Q@ ZF4es Ax A A FFAA AY F5F° ©E PAHs 4 Hlu
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M=y FHAG AUy FAAY PAHs $358 ke dubs et 2vh §344 %
Aol F/HE5= PAHsE Feldoz #zstgor g =3 /80 mebd F
F2Al o] PAHs A 33t 237F los el =g A9 F2so] Adyd 2o
gAdE & F A (Table 28).
Table 28. Effect of cellulose based adsorbents on the reduction of Benzo(a)pyrene and
adsorption ratio in the red ginseng beverages!Z23
Beeds type Cylinder type
Cellulose
based High concentration low concentration High concentration Low concentration
adsorbents BaP adsorption BaP adsorption BaP adsorption BaP adsorption
(%6, w/w) Average ratio Average ratio Average ratio Average ratio
(ng/kg) (%) (ng/kg) (%) (ng/kg) (%) (ug/kg) (%)
0 11.52+0.04¢ 0.00* 2.60+0.05° 0.00 11.52+0.04¢ 0.00 2.60%0.05° 0.00
0.3 890+£0.03%  22.74+0.30°  1.66+0.02° = 36.23+0.44>  10.02+#0.05¢ = 12.98+046°  2.06+0.01  20.73+0.56"
0.6 8.45+0.05° 26.61+0.46° 1.58+0.014 39.27+0.57¢ 9.81+0.05° 14.97+0.52¢ 2.01£0.01¢ 22.66+0.45°
1 8.00+0.05°  30.63+0.45%  152+0.01°  4157+0.50°  9.18+0.06°  20.32+051¢  1.98+0.01"  23.76+0.47
3 7.59+0.05" 34.11+0.42¢ 1.47+0.01" 43.26+0.22¢ 8.90+0.07* 22750574 1.96+0.01% 24.73+0.30°
5 7.51+0.05° 34.78+0.44° 1.46+0.01° 43.96+0.43¢ 8.85+0.06" 23.17+0.56¢ 1.94+0.01° 25.24+0.42°
"The red ginseng beverages contain high concentration of BaP (11.52 pg/kg) and low concentration of BaP (2.60 ng/kg).
*Mean valuetSD of determination for triples sample.
3Value with in a column with the same letters are significantly different (p<0.05)
(2 HE F FAAES o188 ARSHE) T}
) A A8 FFd & F2 9 =38 FF ¥
Az 5 geste Axd e AEzes AN A4 A A, Fo| £ W 2R
Fare Mad . FAAE A B A AR FEFBL A2 L8} RA4E B
ofA = AdFE Holthrl 140T o] F Lo A HE FEdEo] dAs Fs Bt A=
A g B, C, D A=A %L o]9 Hlszgh B3-S Hola 9lom F2A zpold wE FE5 e
o] Wigl= dAS FFS Holn JA Lt ol AxAAdA FAT A4S A Qe
FHAAZ Q3 i EAHol FOENY] WE Aoz AmFHY FERAL AHElrt T4t i
shefoll dASIA 9FES T4 v AS=E UERT
Z3| 7 T 2R Folda s EolA= AEFES Holil glow FAAE AYstA ¥ A
Algeol Hlste] NaOH film A 2]& 3 DAIES X3 T=Fo] vl =& A4S Holil gl
oo EF Ax LR RolASE 2R FYol HohAE AFS wolm glom, o v
LR A Az ASLdFE FEdEo] =347 W] ALE {5 4 JtHTable 29).
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Table 29. Moisture and crude ash contents(%) of dried red ginseng prepared with different

adsorbents

(A)Control ; (B)LiBr film; (C)DMAc/LiCl film; (D)NaOH/Urea film

Drying )
) Sample Moisture (%) Crude ash (%)
temperature (C)
A 13.12+0.31 3.05+£0.64
60°C B 24.28+0.87 4.02+0.73
C 26.13+1.13 3.50+0.24
D 14.47+0.28 3.95+0.02
A 2.97+0.52 4.42+0.31
100C B 3.65+0.49 4.75+0.59
C 3.75+0.35 4.00+0.42
D 3.60+0.09 473+0.47
A 0.32+0.02 5.48+0.07
. B 1.63+£0.05 6.77+0.75
10 C 0.58+0.12 5.03+1.23
D 2.40+0.09 6.15+0.16
A 0.32+0.02 6.67+0.05
180°C B 1.65+0.02 6.08+0.54
C 0.42+0.12 5.72+0.78
D 1.15x0.26 7.03+£0.28
(b FHA A2 FFo 4E ZEEY M
FaA e A-Fe BWEE A% £Rsh Rolda® awus AFsA 27
Gehgor], 34 AUE @ B, C, D AR gumt FA4 A0S 84 ge
Hlglo] BE 2LoA] v Ads BHAY S23A T/ F AHE s dHgsh
A gpgreml, ol FAE £4he W FAAR 8 FUEEel vold o

(Table 30).

Table 30. Browning index of dried red ginseng prepared with different adsorbents

(A)Control ; (B)LiBr film; (C)DMAc/LiCl film; (D)NaOH/Urea film

Drying temperature (°C)

Sample

Browning degree
(O.D. at 420 nm)

60°C

0.061+0.001
0.046+0.001
0.035+0.001
0.057+0.001

100°C

0.809+0.006
0.787+0.002
0.656+0.001
0.624+0.004

140°C

0.912+0.006
0.906+0.001
0.813+0.001
0.865+0.001

180°C

SowrOowr00xm>»00x >

0.955+0.001
0.943+0.002
0.887+0.001
0.899+0.002




(h) A A 57 & Aqx9 v

2 Ao E SA45EY A A 5 wE Nxe] #HslE SAS AT AEE

7] 98 HA MAA(NE 4000; NIPPON DENSHOKU Co., Japan)Z AF-&3Fe] Hunter color

value?l WE(L), A% (a), FME(b)E SHsAT 11x A4S 48 24 FeHe] A =59
o =

=
ol

e

g

o o
2o

w3 g powders 70% ethanolol] FE3ato] WA e = 49 g AA Hejo] A=Y
AAEE =439

2 P AR AWEEs 543 Ay 257t ZUbge wek 9Rl), 4% (a), FH (D)
b Az FolE AL el = Ik o]+ 100T o] 59 2o 5E 3 do o3 A1}
AW AR ST ARV WEesE fFEh

=Z20] AWML E =43 AdoM FATs HAA Z71e AL Foldd = gt I o)
Fiol £xFtolA SHAAE A A5 FMErE ¢ wdd Ao Hol F3A A
7F S4kel AEE WeElste] A =rt vigtd Ao 2 {fFHH(Table 31).

Table 31. Changes in Hunter’s color values of dried red ginseng prepared with different
adsorbents
(A)Control ; (B)LiBr film; (C)DMAc/LiCl film; (D)NaOH/Urea film

Drying Hunter’s  color value
temperature Sample Hunter's  color value of powder of 70% ethanol extract
(Cc) L a b L a b
A 66.08+0.34 8.15+0.15 26.05£0.25  102.07+0.01  -0.58+0.02 1.06+0.01
. B 59.18+0.08 7.57+0.24 20.27£0.50  102.25+0.00  -0.56+0.01 0.77+0.01
e C 64.09+0.39 6.91+0.22 21.83£0.27  102.19+0.00  -0.50+0.01 0.71+0.01
D 63.24+0.42 8.47+0.53 2251+1.18  102.05+0.01  -0.64+0.01 1.17+0.00
A 48.90+0.80 5.78+0.14 9.62+0.27 97.31£0.02 -2.95+0.02 24.19+0.01
100 B 52.92+0.62 6.99+0.16 12.88+0.52 97.65+0.01 -3.21+0.03 24.23+0.02
C 55.49+1.42 7.34+0.25 15.28+0.30 98.96+0.01 -3.40£0.00 20.50£0.02
D 52.01+0.47 7.66+0.02 13.57+0.36 98.93+0.01 -3.07+0.03 20.12+0.01
A 42.09+1.28 2.30+0.30 3.24+0.62 98.48+0.05 -4.26£0.04 25.23+0.04
. B 41.47+0.63 1.77+0.10 1.95+0.33 98.11£0.01 -4.16+0.03 26.59+0.01
HoE C 39.20+0.56 1.90+0.14 1.95+0.26 96.73+0.12 -3.63+0.09 31.24+0.07
D 42.65%1.26 2.33+0.24 2.95+0.26 98.08+0.01 -3.90+0.01 25.89+0.02
A 41.09+0.35 1.41+0.03 1.69+0.03 97.12+0.01 -3.49+0.03 27.58+0.01
. B 42.48+0.22 1.20+0.01 0.90+0.07 10052£0.01  -2.98+0.01 15.27+0.01
180 C 41.29+0.06 0.80+0.02 1.10+0.04 97.51+0.01 -2.07+0.02 17.27+0.01
D 41.94+0.26 1.07+0.07 0.80+0.02 99.34+0.01 -2.49+0.01 13.66+0.00

() FFA A" 54 & 44 £ (Ginsenoside) 9] H
A Aol = 412 F PAHs o]l 52438 #mobzl 2%¢1 180TolA AxdE Als
o2 Fy3At. B4 A3 Rglel %S Rbl, Rg3el Hlsle] w523 =215 YERY
Rbl, Rg39 & Almuitt zpol7b AA vehytth LiBr film? DMAc/LICl filmS

NBANA AEFH F AAwAtol= Stgo ZAAS A L3514 XS AR nvlste] o 169 7}

A
o

4~

ft

A]

&

eI

S
2R
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% Z7bebda ubd NaOH filme 0.8¥) 7 7+astginh. Axdow F2A g7} A=
Aol = gharel A Fi Ao Urhton] A% FAA7 Fatel AznA FoA A
Abol=¢] AE HHE FoFE HoE FFHEH(Table 32).

Table 32. Ginsenoside of dried red ginseng prepared with different adsorbents at 180°C
(A)Control ; (B)LiBr film; (C)DMAc/LiCl film; (D)NaOH/Urea film

Sample A B C D
Rgl 27.13 27.72 23.71 21.71
Ginsenoside Rbl 98.46 43.23 27.70 2951
(mg/kg) Rg3 32.23 183.92 206.33 80.81
Total 157.82 250.87 257.74 132.03

(71 FFA AE fFFo wE dutA T 2 gF T T B4 v
A EFAe] Ew S8 AwkAlTFY A$ 100 CFU/mML ©lsl, o] 2 240 =
2 3M petrifilmS AFg3lo] AdbA 2 - HAE AYS o A

[e)

Table 33. Test of bacteria and coliform bacteria in red ginseng beverage

(Treatment: dried red ginseng prepared with LiBr film adsorbent)

Sample Aerobic plate counts (CFU/mL) Coliform bacteria
Control ND negative
Treatment ND negative

() 24 Ad $50 B Az wa
NEY AUAY FRAE A AR MRS umd Ad LB gu FiA B3 ol
e W), AA%@), FAED) He Foldel WaE molx gk meA v=g, A
ug F249 At AR Aue 9% Fx e Aoz vehdrh oeld Ax ol
Az FaAEe A% wae g2 e olf, $4 Sne FA4 Az wEe Az §
sre] Faa Aw wgas g RE GAUE b Fo FRAE oHAZY] mEel Ao
2 Atz ¥ tH(Table 15).
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Table 34. Changes in Hunter ’'s color values of red ginseng beverage prepared with
adsorbents

Cellulose base Hunter’s color value

Adsorbent types

absorbents (%, w/w) L a b
Control 0 93.81+0.01 -0.76+0.01 12.06+0.02
0.3 92.70+0.02 -0.12+0.00 12.83+0.00
0.6 94.13+0.00 -0.47+0.02 12.48+0.01
Beeds type 1 94.69+0.01 -0.05+0.01 12.37+0.01
3 93.34+0.02 0.15£0.02 13.57£0.01
5 98.66+0.01 -0.82+0.01 9.78+0.01
0.3 96.94+0.01 -0.89+0.01 9.55+0.01
0.6 94.74+0.01 -0.54+0.01 11.38+0.00
Cylinder type 1 97.22+0.01 -0.51+0.01 10.97+0.02
3 95.10+0.01 -0.21+£0.01 12.48+0.01
95.27+0.01 -0.19+0.02 12.18+0.00
(th F34 Azl §5d me B54 54 W@
FA4A A2 f7ol meh FAeRel BA 540l MAHEAE ojry] st BiERt
2 AASd 2 97 9795 SIUE G5 009 ddow HEPAE A4
&t3lem, Treatment®] 49 F#HA T2+ 785829 PAHs &35 H7F Ao F250]
7V 99 (Table 28 ) WI=8 F2A2 B4R ol 5%(w/w) 2 &3kl 2@t
B7h A3 /5% 40 el Aol SPSSE EA A An F 8744 A 54 wE
p#ol 005 olgom e} F249 Aeizt ARe A 546 gL T4 @t Aow

£-21 ] 91 tH(Table 35).

Table 35. Results of sensory evaluation between the control and treatment of adsorbent

(Treatment: red ginseng beverage prepared with Cylinder type adsorbent)

Sample
Characteristics p-value
Control Treatment
Appearance 5.8+1.28 550+1.34 0.39
Color 5.77£1.28 5.47+1.50 0.42
Overall 6.23+1.73 5.37+1.64 0.06
Aroma 6.3+t1.24 5.93+£1.26 0.27
Preference
Texture 6.4+1.40 5.83+1.75 0.18
Sweetness 5.97+1.66 570+1.37 0.51
Bitterness 6.1+1.54 5.33+£1.62 0.07
Astringency 6.13+1.61 5.23+1.76 0.05
Total preference(%) 56.67 43.33

_67_



=] €]
PAHs Aztst 2371 gl A

Kol
=

AT LiBr film, DMAc/LICl film

ke
L

, NaOH/Urea film

_Eﬂ

)

2°] PAHs

AL O,
= a

.
TE 3

_iﬂ

.U_H

mK

T

o=
=27

7g ol A

°F 1.6

FA ROl A A Aol =} T oA

12l A &

%

1, LiBr film¥ DMAc/LICl film

12]7F XA bl =

Z

0
o
el
;OU
N
NJo

o

i)

o
o0

7]t o

_68_



FE4

A7E %9 PAHs &

Be ¥

I

A g R

2 AE

= 7t

Pl gtozs gele 448e FagA sk

5|

oF

L

%

9}

Mo
o
b

—

o

WW
do

™
oK

==
"o

|

!
A

1o

el
o

<
|

Hn

—_
o

Hin

I

|
B

—_
fite)

N

]
ey
Ay

—_

0
"

A= F= w7]-H7

4E

ek} (PAHSs, polycyclic aromatic hydrocarbons)&

A AAez Aol

A

= ool

) 7hsol A

IR

H A3

o
=

PAHs®| A4

Al PAHs7F A2 4 (232 9], 1998). PAHs=

A%

ol

&
LS

<

il

o7} Qo] EUZ7bel 4%

=
=

o A A, 2 AEe Eel

N

wr
IH

R

¢

o

A
I
el
%

ol
ol
o

=13
~

)

ol

. AdA =

_Eu

Fed, 50C, 80T, 110TC

J|

g 79

A AAA e FA 2AA

(<))
140C o] 2ol z+zh 2, 4, 6AFo =

KeN
=

g

s

Mo

—

X
Pyl

o
ol

2
ofp

rvze]

X

N

ol
=

bl o,

]

7AFEe PAHs A% £4

o
]

(1) 7+ &3 Al

H.

Fel, 507C,

S

g 9

A 2= A A

PN
T

KeR
T

o)
5

DA AAA]

B

FTA7Iol A A

o we}

2 140°C ©]

80T, 110C

_69_



AN 2(88) r : Lt FA &)

e —— —AVE
; %A_L\_ /f oM
FIHH '\\- 1

]
/ /7 CHABERAR S5 )

o
= = . /
FCHTAMIWATER |--| f“-“_'”“"“_’ "/'/
N (N Se——— 71340 TReT
¢ TRAY \\\ A —— T ,’f
~ CONTRL PEREL
224 NOZZLE /
e o
| W o
s
-~ PUNP il
JJ
RE #7713 7
+B0E B HA B3 005 THA 23 b
TeAE FEEA ‘
~ 297
/f'
& r
fol]
~
éf’
Ifr ] r-:
-\5 i~
i

x|
o xlt ri

i

pECLY /
Ao A HEATERL BT 8}

Foy JH2 2 = A| =HT| DETAIL VIEW
\elaf L

‘a.i,.' nd

Fig. 23. Scheme of smokiing machine used for smoked sausage in the present
study.
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23d Y1 YR EFEE ImLE 7k & S$R7YAGAE F2AIZH 80T 7 F=7]0
A 3AIZE st by FeEfAl7lar A3 Wz $ n-hexane 50mLE R AVIE Fote] ¥
o] 31 ethanoln-hexane(1:1)& 9] 50mLE o] & N2 7]d &3t EAZ7]o] 50mL
of B& ¥ MBAA =53 diFor FYAZ F IFS FEste]l v EAZ 7]
Whol=131 &30 4k 50mLE Eol FEste #FS 7+ A vhEse 42 IS BF F
Atk FAZFe] & 100mL Y =59 42 F AAstY £35S HEe 24S 23] HE
olgtt}, MNAkES sodium sulfate oF 15gS Y2 AHAE ALEste] @547t & 40T o] 8}
o] FEAo A Fhtate] ¢F 2mLE FFSHTH(A F o oFE et 7Hd, 2011)

@ AA

A Xﬂ% florisil cartridgeE ©]83}¢] dichloromethan 10mL ¢} n-hexane 20mL= %% 2~3
Heol &g FEAA XA T ARSI ZA3E florisil cartridgeo] A d &S
7}skod n-hexane 5mL<%} n-hexane: dichloromethan(3:1) 15mLE X}& = ﬁz/\]ﬁr/} A=
SZHS 40Colste FEA A AVt le w5 2 dAnd §F IFES Acetonitrile 1

mLel 521 = o5 ¥F7 045um PTFE membrane filter2 o #}3sfo] HoA o= }

FTANS7EF T PAHs® 48 98] AH&¥ HPLCE Dionex U3000 (USA) ollew
%7]%= Waters 474 scanning fluorescence detector(Waters, USA)S Al-&3tdth. ZAHAL
Supelcosil LC-PAHs column(25 cmx4.6 mm, i.d. particle size 5 pm, Supelco, USA)S 35T =
AbgsEd e A2 A2 Table 3639 ok

|

Table 36. HPLC-FLD opearation conditions for PAHs analysis

Instrument Dionex  U3000 HPLC

Supelcosil  LC-PAHs Column
(25 cm X 4.6 mm, particle size 5 pm)

Column type

Injection  vol. 20 L

Acetonitrile (%) Water (%)

Mobile phase
0-45 min 80 20

Emission (nm)

Excitation (nm)

0-45 min 294 404

Wave length

Flow rate 1.0 mL/min

@ AAA

PAHs3}% 58 9 (Benzo(a)anthracene, Chrysene, Benzo(b)fluoranghene, Benzo(a)pyrene)<

acetonitriled] A-83lo] 0.25 2, 5 10ug/kg sE== ZASATE ol WAERZ A sal 5

ug/kg 3-methylcholanthrene W43 58NS XA st SAALMA ARl spikingdte] w4 3)
Atk HPLCel F9ste] ¢ Azvteadle] s=-HAHE T8 AFdS Adste] A8 &
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a:  FAPAAN Fel 2% 0.05 N FASHEFHS] mLF
b: EA oA F3to] 289 0.05 N FASIHEFEH ] mL+
0

05N 2t 1 mL=0.7003 mgN
ZT A (%) =N(%)x6.25(& 2 A1 5)

(th) pH
wAsE AA 3gS TFF 27mLet A &3 thg 20%7F vortexingshe] A 3sa pH 4
¢} pH 10 buffer solution® = X A3t pH meter(Thermo Orion 3-star)& ©]&3}o] pHE =74

ahact.

(2h) 887
w3 8 AA ok 100ge Fol 9% o B2 120mLe We] 3083t shaking ¥ F F43
MUHEE °F 15g8 ¥ AHAAE AHEEte] gFo gt § 30T ©]s

H2E JEAA HAS FAnS F2d AAZTH 223 4 oF 228 2of 24 -2
ZR2EFQ:2) 20mLel o8y ozt 7hste] Holal & wol] whE 2t e EaE S 1
mLE 7FA 50 2 thF oFE el 1083 WAsL /S 30mLE 7hete] AA &

}
[e]
Sol He thg ARAY ImLE Ao st Pale] glojd Wb 00IN Ee gt

EFQor Aol %459

FhabetE7Hmea/ke) = 5 gﬂa}]ﬁgfwy 10

a: 001 N ElesihtEeFd o] 444 (mL)
b1 &Algd Ml 001 N E| @ ER o] 20| ZH(mL)
£:001 N Bl EF A 47t

(vh) dotAE 2 i ET A3

AubAl o+ AT 2EF Ao SAE AZxZEH(Petrifilm, Aerobic count plate, 3M, St. Paul,
OH 71

MN, USA)S o] &3ste] Algstt. AgdgAx 108 @A gAH ImLAES At + P&
Petrifilmoll &3 & 35+x1TAA 48+2A17F wj kst AAdE HES FAegrE Aibsta, 1 3
Aol FXuEE Fato] At AlFFR AEI FdEFE AlY E=3I dxdEY
(Petrifilm, Coliform count plate, 3M, St. Paul, MN, USA)S o]&3lo] Al&d3ic) Adgo 1m
o 7z} & A InE T AXxEE A HIEF T A FFAI71AL, 3HE1TOlA
2412417 v e = AAPE F2 A 5 T 71xE It e JHETE ARbeta,
I Hat JE ol slAu s Fete TS E b=

(3) F&H7}

7hH) A& FH 2 AA

Algel AN AE7 gdFsAe e 7EEE B sid a9EdA PAHs & & A
AbE el mE A RE AAEtES ok F3A A Alse 9444 PAHs S3s
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Fig. 26. Linearity of PAHs calibration curve in HPLC/FLD condition.

(A) Benzolalanthracene; (B) Chrysene; (C) Benzolblfluoranthene; (D) Benzolalpyrene.

©® HEIA(LOD) # AZFIA(LOQ)

P 0.25, 2, 5, 10ng/kg?l FF&Hel WHFEF=H 2 bug/kg= 3]4 st
242y Azl J7F & AFsiden, HE3ALO0D)= 0.02-0.12png/L, A%
LOQ)+= 0.07-0.35ng/kg ==l A tH(Table 37).

rob
2

Table 37. Limits of detection (LOD) and quantification (LOQ) of PAHs

PAHs LOD (ug/kg) | LOQ (ug/kg) PAHs LOD (ug/kg) | LOQ (ug/kg)
Benzol alanthracene 0.05 0.14 Chrysene 0.06 0.18
Benzol Alfluoranthene 0.12 0.35 Benzol alpyrene 0.02 0.07

@ 3+&

Az PAHs (589 bug/kgydt WHEFEZS 3-methylcholanthrenes bpg/kg o2 3] 4]
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stal ImL #H7bste]l dAA" g H, IFES . YEx+E7
3-methylcholanthrene ©° w3l 348 Zy= tS3 Zom Hit 9150-110.35%9 3 F&S

wol Agd Attt AS B FAtH(Table 38, Fig. 27).

Table 38. Recovery of PAHs and 3-methylcholanthrene

PAHs Recovery (%) PAHs Recovery(%)
Benzol alanthracene 110.35 £ 1.06 % Chrysene 9150 + 3.73 %
Benzol blfluoranthene 92.03 = 0.79 % Benzol alpyrene 98.29 + 0.96 %
i =l ] i i b i J] BHE
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‘ o
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Fig. 27. HPLC/FLD chromatograms of PAHs from smoked sausage.
(A)Chromatogram of PAHs for standard ; (B)Chromatogram of PAHs for spiked
sample ; (C)Chromatogram of PAHs for sample and ISTD.

(W) AE2e s 71 FFA49 PAHs §& % H7F R A3 &4
wheo] wel FAXxAS gelste] Az FALAA S PAHs®| A= Table 399+ ) &

AAFAFS AN PAHs7E BAD 7Hsdel ek AF Bulss ofd 44 2 P

T 1 A
o] TALAA AEFLS AA, v, Aol FA, TA E Hx FAIY g JHE AT A
S AAA Hed o] W i B dad AVE AMESE A 2 AR FAA PAHs7}

et AERes 7k FHAY FEs WUbE flete] 34 E A (European Food

ko3
R=)
Safety Authority; EFSA)olA A A3$ PAHs HAE=XX<U 4 PAHs (Benzolalanthracene,

Chrysene, Benzolblfluoranthene, Benzolalpyrene)®] XA EE v|uwd et AS2Z o~ 7|uk
FHA S PAHs 2% HA3tE flate] n=d FAAY] TRl ©WE PAHs §3%=5 37}
SHS

D FAEAA Ax 2 71F FAHAAY S&FA 9 F&

2 oA 01]*1% TALMA AxzTG Al FTA D AxAAES X5t dAE FAS A AA
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A e FALAAE AT, FARS AT FAPL A8sAT ARF FALAA
FALE U EAALG Heh wAeE PAHsY $%E flaim wEd ABzes v

Moy 10

ZA 3% (w/w)E 7ha-gAgel A 839tk NaOH/Urea beads, LiBr beads, LiOH/Urea beads
s &A= 77t Absorbent frameol| @ol F<17] UlF s 7] vr2 9ol ek
ALl A AAE = A7] AA7E FHAE FHGEF o] TALMAIE A 23R

w
i

@ FA2AA Ax T Al FFA A7 FFo @& PAHs £4 Hx

AE 2 FAANTES dEste] Az %?ﬂi/ﬂ]x]—J 4 PAHs &35 #4¢ A3+ Table
399} 2o FALMAY total PAHsT 0.05-9.15pg/kg o2 YEelgtow 7bg 2 a3
benzolalpyrene] F 0.05-2.09ng/kge] SHEE YE I, o]& European Food Safety
Authority (EFSA)°] W& Smoked meat and smoked meat products®] benzolalpyrene = o3& =
¢l 2.0ug/kgRth FaskAl =2 o™, 4 PAHsY ZQEH 5 & 5 12ng/kgRths W 3k
S UERT S2AE ARl &2 tixd A9l ¥ PAHs &% Sd=% 2 At &
7bghel wel oA o g Stk S EAsT *O] 140C 4AZF, 6A1%FS] A 2lell A gheF
o] 343 F7tetAth. EAALAA A xzF}Ao| A NaOH/Urea beads, LiBr beads, LiOH/Urea
beads 3F 2 &2AlE £ 3 2 A tiH] PAHs 452 @ 0}

o}

7

o,
o

O
o 2
ih)

. LiBr beadsE % &3+ /\]E—’_Sﬂ Benzolalanthracene, Chrysene &&=
4352 ™, Benzolblfluoranthene o3
o= O8] B, C, DAIEAA Z}7] b2 3 A4S HAXT Aoz g2 o] #AasA &
of & ztol&= gle FHOE AlmHTH

Benzolalpyrene2 NaOH/Urea beads’} A& o2 7H4 =2 S2a3E Bt LiOH/Urea
beads= Benzolalanthracene, Chryseneol] W3] <¢Fzte] S &35 H 31 Benzolalpyrene=
Ao FA2ZdAME Ahste 4TS BYoy a2dAas 238 shaFo] Frkste A3}
a7t gl Aoz FddE i (Table 39).

fuhi)
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i
rlo
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52
)
u\l

Table 39. Concentration of 4 PAHs and total PAHs in smoked sausage
(A) Control; (B) NaOH/Urea beads; (C) LiBr beads; (D) LiOH/Urea beads

SI;(I)::g Sample Time PAHs(ug/kg) Total PAHs

) (h) BlalA CRY B[bIF B[a]P (ng/kg)
2 N.D. N.D. N.D. N.D. N.D.

A 4 N.D. N.D. N.D. 0.05+0.00 0.05+0.00

6 N.D. N.D. N.D. 0.06+0.00 0.06+0.00
2 N.D. N.D. N.D. N.D. N.D.

B 4 N.D. N.D. N.D. 0.05+0.00 0.05+0.00

50°C 6 N.D. N.D. N.D. 0.06+0.00 0.06+0.00
2 N.D. N.D. N.D. N.D. N.D.

C 4 N.D. N.D. N.D. 0.05+0.00 0.05+0.00

6 N.D. N.D. N.D. 0.06+0.00 0.06+0.00
D 2 N.D. N.D. N.D. N.D. N.D.
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4 N.D. N.D. N.D. N.D. N.D.
6 N.D. N.D. N.D. 0.06+0.00 0.06+0.00

2 0.10+0.00? 0.20+0.01° N.D. 0.19+0.00° 0.50+0.01°

A 4 0.17+0.00° 0.22+0.01° N.D. 0.20+0.00° 0.59+0.01°

6 0.32+0.00° 0.24+0.00° N.D. 0.23+0.00° 0.78+0.00°

2 0.09+0.00° 0.20+0.01° N.D. 0.17+0.00° 0.46+0.02°

B 4 0.15+0.00¢ 0.20+0.01¢ N.D. 0.18+0.00° 0.53+0.01°

s0°C 6 0.24+0.00° 0.22+0.00° N.D. 0.19+0.00° 0.65+0.01°
2 0.09+0.00¢ 0.19+0.00? N.D. 0.17+0.00° 0.45+0.00°

C 4 0.15+0.00° 0.21+0.00°¢ N.D. 0.18+0.00° 0.54+0.00

6 0.24+0.00° 0.22+0.00° N.D. 0.19+0.00° 0.65+0.01°

2 0.10+0.00° 0.20+0.01° N.D. 0.16+0.00° 0.45+0.01°

D 4 0.16+0.00° 0.21+0.00° N.D. 0.17+0.00° 0.54+0.00°

6 0.24+0.01° 0.22+0.01° N.D. 0.18+0.00° 0.65+0.01°

2 0.71+0.00° 0.70+0.01° 0.29+0.00%° 0.71+0.01° 2.40+0.03°

A 4 1.67+0.03? 0.92+0.01° 0.50+0.01° 0.83+0.01° 3.92+0.06°

6 2.28+0.05° 1.19+0.02? 0.51+0.01° 1.17+0.02° 5.16+0.10°

2 0.68+0.01° 0.64+0.01° 0.29+0.02° 0.58+0.00¢ 2.18+0.04°

B 4 1.57+0.02° 0.78+0.02° 0.43+0.01° 0.67+0.01° 3.44+0.04°

o 6 1.98+0.03° 1.17+0.03? 0.48+0.01° 1.01+0.02¢ 4.64+0.09°
2 0.65+0.02¢ 0.62+0.01°¢ 0.27+0.00° 0.60+0.01¢ 2.14+0.03°

C 4 1.51+0.01° 0.67+0.01¢ 0.33+0.01¢ 0.69+0.01¢ 3.19+0.03¢

6 1.82+0.04° 0.97+0.01¢ 0.42+0.00¢ 1.04+0.02°¢ 4.26+0.07¢

2 0.67+0.01°¢ 0.61+0.01¢ 0.27+0.01° 0.62+0.00° 2.16+0.01°

D 4 1.55+0.02° 0.70+0.00¢ 0.34+0.01¢ 0.73+£0.01° 3.32+0.04°

6 1.94+0.03° 1.02+0.01° 0.43+0.00° 1.07+0.02° 4.46+0.06°

2 1.93+0.03? 1.59+0.04° 0.35+0.01¢ 1.02+0.02¢ 4.89+0.07°

A 4 2.56+0.04° 2.18+0.05° 0.97+0.02° 1.44+0.03° 7.15+0.14°

6 3.14+0.04? 2.72+0.03? 1.22+0.03? 2.06+0.04° 9.15+0.14°

2 1.65+0.02° 1.51+0.03° 0.33+0.01¢ 0.96+0.01¢ 445+0.07°

B 4 2.11+0.05° 1.89+0.02° 0.83+0.01° 1.26+0.03¢ 6.08+0.11°

Laoc 6 2.53+0.03° 2.17+0.04° 0.97+0.01° 1.84+0.02° 7.50+0.10°
2 1.53+0.02° 1.21+0.03¢ 0.46+0.00° 1.06+0.02° 4.26+0.07¢

C 4 1.89+0.03¢ 1.42+0.03¢ 0.82+0.01° 1.50+0.03° 5.63+0.10°

6 2.24+0.03¢ 1.78+0.04¢ 0.96+0.02° 1.95+0.03° 6.94+0.12°

2 1.61+0.03° 1.32+0.01¢ 0.49+0.01° 1.12+0.01° 4.54+0.05°

D 4 2.03£0.03¢ 1.63+0.02° 0.82+0.06° 1.64+0.05° 6.12+0.15°

6 2.42+0.03¢ 1.93+0.02¢ 0.92+0.02¢ 2.09+0.03° 7.35+0.07°

All values are expressed as mean+SD of triplicate determinations; Means in the same column not sharing a common letter

are significantly different (p<0.05) by Student-Newman-Keuls. Data represent the mean and standard deviation(n=3)
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@ AERex 7IW FFA FF W PAHs F2 %= 37}
AE20 2~ 7|9 FAAY T/7E F3s H7FE fste] PAHsY FAAEE v usiith
NaOH/Urea beads, LiBr beads, LiOH/Urea beads 3%¢ S AZ Hluson, PAHsE=
benzo(a)anthracene, chrysene, benzo(b)fluoranthene, benzo(a)pyrene 4%°] SHAEE =249
2 /vl 9 total PAHs®] F2AH=E wassith B(a)A2 &2 %=+ NaOH/Urea beadsE
AE359 S w 80T, 110T, 140C ==x7olA z+zy Hat 24.03%, Ht 13.2%, Hr 19.63%,
LiBr beads© ¥ 23.83%, Hir 20.04%, Hi+ 2870%, LiOH/Urea beads F2AT= Hr
24.41%, 34t 14.85%, B 23.08%< S5 S UEWh 80T A+ 3EY S2HA7F vl 23
TAEE B ou 110T, 140TolA B(a)A®l &=+ LiBr beads &#A7F 7HE 43 &

(/2

F

I o{l rO{'

A2 Wtk CRYY F& %3 NaOH/Urea beadsE #€39< w 80T, 110TC, 140C &%
Zo A 7 Hat 8.06%, Hr 2.24%, Hit 20.35%, LiBr beads+= it 7.79%, Ht 18.36%,
B3t 34.59%, LiOH/Urea beads & 2HAl= it 5.69%, HA1r 14.24%, Hit 29.07%2 254
S Bom, 80T A= CRY®l et NaOH/Urea beads® &2 %=7F wlAlgh 2oz 7} =
grot 110C, 140Col A LiBr beads & A7F €53 w2 F#HEE EAH BhFe F2=
= NaOH/Urea beadsE # €39S wl 110C, 140C ==zdoA ztzt H3t 558%, Hit

20.33%, LiBr beadst B 17.40%, B 21.16%, LiOH/Urea beads &A= H 1651%,
T 24.87%° FHEAS 1Yo 110ColA = LiBr beads &2 A7} 140C ol A+ LiOH/Urea
beads7} 7} & FHEE Bt AW FAA A AAE BhFe v #&o] &5 o]
FHA =& FHE=(%)l HlE AFAow @ FAo] o]FoA A gAriil Atz ¥
B(a)P2] NaOH/Urea beadsE #-§34S uwl 50C, 80T, 110T, 140C =2=x7olA z+7zt o
5.85%, BT 16.48%, B 13.42%, B 10.95%, LiBr beadst B 4.38%, H 17.15%, &
11.38%, H 1 5.35%, LiOH/Urea beads & & A& it 11.13%, B 19.53%, Bt 8.70%, H
—1.15%9 FHEAS Beon 50T, 80°ColAE= LiOH/Urea beads & & A7} 714 =& 5%
EAS HYAT 140CAH = FF50] 245 = Ao2 AR %™, NaOH/Urea beads & =4

50C, 80ColA B(a)Poll thal] v SHE=E Bor) 110C, 140CAME 7MY =& &2

=
E%‘ 04'1‘»\]:}

o
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Fig. 28. Changes in adsorption ratio depending on the 3 type of cellulose base
absorbent in 4 PAHs.
(B) NaOH/Urea beads; (C) LiBr beads; (D) LiOH/Urea beads.

total PAHs®] &2H4] T7¥E SFE&
S5 W (0T, 110T, 1407
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FA7 Y $5E FRE

N}

A FAAE 2704 NaOH/Urea beadsE %83}
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2HA = 10%, 10%, 7.16%° F254 & YEo] LiBr beads &
HATH 4N FAA g 214 NaOH/Urea beadsE #8331
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18.62%, 21.26%, LiOH/Urea beads S2Al& 847%, 1531%, 14.41%<9 25 S YERU o]
80C+ NaOH/Urea beads &# A7} 110TC, 140Col A+ LiBr beads S&A7l & T3/ E=S
el 6A17F EdA g Z2A0 A NaOH/Urea beadsE A-83t9S w 80T, 110TC, 140C =
oA Z+ZE 16.67%, 10.08%, 18.03%, LiBr beadst 16.67%, 17.44%, 24.15%, LiOH/Urea
beads & 24+ 16.67%, 1357%, 19.67%° 2545 el Aot weba total PAHsol st

2
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Fig. 29. Changes in adsorption ratio depending on the
3 type of cellulose base absorbent in total PAHs.
(B) NaOH/Urea beads; (C) LiBr beads; (D) LiOH/Urea beads.
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I
=

Table 40. Moisture and Crude protein contents(2%) of smoked sausage prepared

with different adsorbents

(A) Control; (B) LiBr beads; (C) NaOH/Urea beads; (D) LiOH/Urea beads

Smoking

Crude protein (%)

Moisture (%)

Sample

temperature (C)

1557 + 0.23

88.04 + 0.54

Raw

0T

1713 = 0.35
1736 + 0.14

50.68 + 0.45

50.17 £ 045

50T

17.03 + 0.49

4994 = 0.53

17.08 £ 0.37

51.37 £ 0.36

1881 + 0.40
1876 + 0.35

4541 + 041

4493 = 0.27

80C

18.76 = 0.35

4447 + 0.33

1850 + 0.53

45.13 + 0.20

20.68 £ 0.44

4531 £ 0.53

20.98 + 043

4481 = 0.42

110C

20.68 + 0.44

44.34 £ 0.45

20.64 = 0.45

4547 + 0.35

26.81 + 0.43

30.80 = 0.39

26.81 £ 0.30

29.81 + 0.48

140C

26.81 + 043

29.83 £ 0.30

26.81 £ 0.30

30.87 £ 0.32
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(W) F3A A8 #5° @& pHe ®ln

A AYaA Ee A A8 pHE H 562-6152 =AU, pH H3tes Fdex o
AlZrol F7bERel met Frkske AEs Holtrh 110T 4413 FAA e FE v fdists 4
e Bt FEA AP AlmelA ] pHE it 569-62628 A Als diH] gk =4 &
AEAAT FAXE D Ak gt vl AES Ho FA AHErt EALAA pH
ol TS FA FE FoRE FUHM pHZE o E=A S8 U AESe] AHAE A
o2 23t Ao & Al HET 80T 4, 6417 110T 2, 4A3F EA A oA pH7F 576 =l
ol Fdo W& AR FEETIFY 4 F FAAY] F9 Hm, FobobE, AUEY T
HE=fFet f714h ddstol=Riol e oY FA #Ad JEECd o3 Aoz AmHTh 11
0C 6417, 140C 2, 4, 6X7F FAA oA pHZF GA 2438 olf= &0 g <lsle] Ao
o] EAEWA AAIA W FA7 §EHo A Ao ALsHEH(Table 41, Fig. 30).

Table 41. Results of pH value between the control and treatment of adsorbent

(Treatment: smoked sausage prepared with LiBr beads adsorbent)

. Smoking
Smoking )
temperature(C) time pH value
(hour)
Raw 0 552 = 0.01
Control Adsorbent treatment

2h 562 + 0.01 574 + 0.02
50 C 4h 572 + 0.00 577 + 0.01
6h 5.78 + 0.02 5.84 + 0.01
2h 572 + 0.01 576 + 0.00
80 C 4h 6.01 + 0.02 6.13 + 0.01
6h 6.15 + 0.01 6.19 + 0.01
2h 6.15 + 0.01 6.26 + 0.01
110 C 4h 598 + 0.01 6.03 =+ 0.01
6h 580 = 0.01 587 + 0.01
2h 5.74 + 0.01 5.79 + 0.01
140 C 4h 568 + 0.00 573 + 0.00
6h 566 + 0.00 5.69 + 0.00
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Fig. 30. Changes in pH value of smoked sausage.
(Treatment: smoked sausage prepared with LiBr beads adsorbent (3% w/w)).
(th

EX gelste] Az FALAA Y AE2e s 7N FHA] AP d-F9
WrtetETRE Fete] olgtetd FAWIEE shlvh FAA ALeA] ES A AR AAsE

b et 2.00-3670.2 FAHEHAJoH, A AE ¥ 50T 2, 4, 6A17F 80T 2, 4, 6A1%F 110TC
oA gk FAxANA FAA AeF AR EL go] e Asherg A vt 2
3 AREY, 10T 647, 140C 2, 4, 6A7-5te] EAANNE F4AE 488 TALA
Ao wastEobh o BA dETh FHAe AUsh dAAden #asEstE FaAdle
AL HAoY A Aw 9 FHA A AR LF A 2% D A7kl #Aglo] o
Z3rol Yehth we F2Ale A2t EALAN G HAEE radl A G
FA &= Aor Atz HH(Table 42, Fig. 31).
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Table 42. Results of peroxide value between the control and treatment of adsorbent

(Treatment: smoked sausage prepared with LiBr beads adsorbent)

) Smoking
Smoking . .
. time Peroxide value (meqg/kg)
temperature(C)
(hour)
Raw 0 3.67 £ 0.29
Control Adsorbent treatment
2h 3.17 £ 0.29 267 = 0.29
50 C 4h 2.00 = 0.00 1.83 £ 0.29
6h 233 £ 0.29 1.83 + 0.29
on 317 + 0.29 267 + 0.29
80 C 4h 3.33 £ 0.29 2.00 = 0.00
6h 3.00 £ 0.00 2.33 £ 0.29
2h 2.00 £ 0.00 1.50 = 0.00
110 C 4h 3.67 £ 0.29 2.33 = 0.29
6h 3.33 £ 0.29 3.83 £ 0.29
2h 250 £ 0.00 3.50 + 0.00
140 C 4h 267 £ 0.29 3.17 £ 0.29
6h 3.17 £ 0.29 3.33 = 0.29
50 °C 80 °C
g R T E —a—control
E’ 3 T — E 3 —@—Absorbent treatment
Ea ga —
i B | ey,
22 E 2 o ———
=1 Rt
Eo g0
£ Raw 2 4 6 & Raw 2 4 6
Smoking temperature [°C) Smoking temperature (°C)
110 °C 140 °C
- —a=— control = —— control
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Fig. 31. Changes in peroxide value of smoked sausage.

(Treatment: smoked sausage prepared with LiBr beads adsorbent (3% w/w)).
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Table 43. Test of bacteria and coliform bacteria in smoked sausage

(Treatment: smoked sausage prepared with LiBr beads adsorbent)

Sample Aerobic plate counts (CFU/mL) Coliform bacteria
Control N.D. negative
Treatment N.D. negative
(3) #3537t
b F&A Ag FF ©wE #53 54 Hu
S2A A fAed wEl FALAAL] B 5Ao] MstHEAE dotr Y] flste] #eH
Ve AAEv 2 AT AT EEY Exdittal s 300H S e R LHA Y EE
AXNE AAsg o, SHAE EALAA PAHs S35 H7HddA 718 §&50] =ud
LiBr v =8 FFAE $ALAA div] 3% (w/w) A&ste] Aol A&ttt F7Hd v+
712k FAE e Ao, F3Al AP A5rF Ak b oft 12 V3RS B
Ao, SPSS=E FA w4 A¥ o, A, ), 453, e, A=, AN VlEE & 77HA
Wod 54 EF ptol 0.058 T ¥/ yEly FAle] A7t AR #eA 5S4 ¥
TA F= Aew FAF AT (Table 44).

Table 44. Results of sensory evaluation between the control and treatment of adsorbent
(Treatment: smoked sausage prepared with beads type adsorbent)

Characteristics Sample p-value
Control Absorbent treatment
Appearance 5.77+0.99 5.90+0.98 0.61
Color 6.03+1.22 6.10+1.27 0.84
Overall 6.63+1.14 6.70+0.94 0.81
Preference  Aroma 6.97+0.75 7.07+£0.85 0.64
Texture 6.30+1.37 6.43+1.26 0.70
Juiciness 6.70+1.07 6.67+1.01 0.90
hardness 5.33+0.75 5.43+0.84 0.63
Total preference(%) 46.67 53.33
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T3 A5t dsfotde] EFAETL detEY] FFEAC vA= FF g E val A
sttt w3l A7)est 2 (Advantech FUW 210PA)E o] €3Fo] 200 m¢/min.o] & A (N2
gas)’dElel A 600°C7HA] &% 10°C/min®] ZoA AAS. dstotd E2s o] &
A= A8 gig HE&RE gt FAE o] &ate] 33 Ax ettt FE&AGH Y] &
k2 50mLe Eo Yxo EAete AE220G0%= AA4)e] H&E2 FEAE Alxs] &
G sAARAAY. dE E¥ dE 1ge 7HASe] dEtold 8 3u9 HER Ax
stel™ 50mLe] &Eell dsfolds 15 ¥ol F8&AS wEo] Axsdrt. EFF 0 e
gslEe] F54 AL 2EQ dstold S Sue vHERE 3 A S ol&sle] duE EF3
Al e 24, EFA 2ES ol &ty 63 £33 AS WU A= &3 103 £33 AS
AEed G Edom st AAedn. &3t A SFFFE ol &ste] FAAZ F
106C Azx7]ol AxAIA 55834 355485 E48 A0

(4) ZA E2AE2 02 dojz2A9 AX

7hH €8 dig gzad A
H Oﬂ—?oﬂ/q A}ELQ AdrEL =+
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(W) E2AERQ2 ooz A=

E AFoAM e dEERY fads AAS AERo e} IuAFEoAT EA5E &2
AEZ 22 PAHsAIAE oo]Z2 7o) o] &3ttt ooj22 A FolE  Alkali
hydroxide-urea & %S ©] &3ttt o] &AL NaOH : Urea : H20(7:12:.81 W W-1)&
FH 2 E8eto] Azt ?15:;‘; &H#211;13C 9 2=z EFstion, o] IAL
28] W8 AAEAT o] v 959 TR 5%E AL &3lE AsE &g dAw
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3 = Sl . A 83t dHIUPAC : International Union
of Pure and Applied Chemistry)ol Al A &7/ 712 A 7k 9 e o] Fig. 20 e
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Fig. 2. Classification standard by IUPAC.
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of BAsATh 2t AlEE A, 9at, FAbsEA®1v/v) A8 sl microwave (Multiwave
3000, AntonPaar, Austria)E AF&3ste] F71&ES st o AHEl & JFESE FU7IAAES
TR 50u B4 8ksl

o 23 2 1@
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37 AA yebsth g 93 FHEHstE $exdd wet 24 yeisdt sz
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Fig. 3. Thermogravimetry curves of the decomposition
of Pine (Pinusdensiflora) wood at different heating rates.
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& Eae) FAAE %

s Aow Az

XéE&’iE}. 400(301Ty M= 4 2>
25-30%5 AAstaL = #lade dREsivh doju
Table 1914 YebH ZAA7 600TS 900C
600Co] 59 2z Bl S0
Table 1. charring yield of pine

Temp. Charring yield (%)
600 25.0 23.9 21.9
900 22.5 22.0 20.9
Figds 900C7HA s2x21S dEste Axd aud @sfZd g XA 3@ d35 e
9 Zoltk Figdol A pined ©3bd 2uie] AERo s ART2E Yehdl Aot ugsd)
of o) AERes AFTEI Wol FAHULT L AYAW, S w2 Aol
ATt
\
\ —Pine 017 — 1T ==101C
Y

Intensity

10 15 20 25 30 35
2 theta

Fig.4 X-ray diffraction of pine wood charcoals heated

at different heating rates.
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Fig. 5. X-ray diffraction diagram pine wood charcoals heated at

different heating rates.
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Fig. 6. Ny adsorption isotherms for samples.

Table 2& $2Z711% 28dte] 600C2F 900Ce] Ao &3tet A2uUF e3lE9 taas
UeRd Aol HEHAS AAHE sl oA 25 mEA A Fo] =2 S Ko
FAT. T =2 H]E”ﬂ@% 600CeNIA 10C/min.9] F7A o2 8242m%Yedth W i¥o}

: = Coll Hal] =2 HA
Eo} ae moi T 1& segme me Fge e G PArTIHPLe 74z
Bsl T A SEE7 METS A YERSTE
Table 2. Pore parameters and BET plots for samples
. Average
Temp. Hig&ng BET Sme Volu?rloeta%’ore Pore
() o (m*/g) (m*/g) Diameter
(C) (CC/g) (nm)
0.1 672.1 50.1 0.37 21.8
600 1 586.4 52.5 0.32 21.9
10 824.2 83.5 0.48 23.2
0.1 316.0 118.2 0.24 3.03
900 1 262.1 153.2 0.37 5.61
10 342.4 101.3 0.09 10.2

*Sme : Mesopore

Fig.7& A4 &5 10C/min.® ZxdeA 600TC 2 900Te >Ex= w3tAzl 42 ©sl=9 %
M FARAAN O B Aol At EWlo] mewHE HHo] Hohfel: ¥
ol BAHUTH EF waeme] Fbo] whe mAFTe] #AFe], meo e
Aol o|g BARE FAA AL shol 3 wAFF] 71 Aol AZHT wpebA
HaleE: BalEe] TR S40 9P F= 2o A4 4z



$4800 1.0kV 8.7mm x30.0k SE(U) 2013/08/06 15:65 1.00um

(A) Before carbonization ®B) 600‘;

$4800 1.0kV 8.4mm x30.0k SE(U) 2

(C) 900TC
Fig.7. SEM micrographs of pine samples pyrolized at 10C/min.

(U) 3 482224 959 &354
o d7e AUFE o8ty sexde 2eEste] @34 "kl tie d3E wees
2 HAMER o2 Y8 S e gk Az, 3

of o1 FFMsIE A7 dowtth. 350TelA FE&o] A (Eulalia)7h thE €50l H)
3l =4 Uetd, 42 dudsre syt g d8dd Hle] A2 Zew A E. 90
0C7HA &stA|7l &3tz o] se&2 ARl wa vha Apol7k AT, 17~19% == e}

_97_



Radiata pine
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Fig. 8. Thermogravimetric analysis of samples.
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Fig. 9. Ny adsorption isotherms for tulip wood.
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Fig. 10. Ny adsorption isotherms for Eulalia.
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Fig. 11. Ny adsorption isotherms for Radiata pine.

Table 32 600TC<} 900TC2e] XA Zt7+e] AdEES @37 &sEe] g3 dS ved
Zolth, B EHA L EAA ¢ WM} (Tulip wood) ¢t % (Radiata pine)& 900TC ¢ & A
gstzo] =A YeErw A RE v EA A A A (Eulalia) = 600TC o] =504 g3}
A7l grgtEo] Emouth B AFoA JH =2 HEEA e W REE 900CA A grEiA gl A
4 &

d

¢

24164 m¥YgAA R, Ao HlE thh Yo ARE HAFEAT = 43Ty Pt
FAAL v EHEA o] e B Eo] =/ YEUE &S HolFdu

Table 3. Pore parameters and BET plots for samples

Total
T | EEL | | vome'pore | fuemse pors
Tulip wood 600 343.9 82.7 0.26 3.03
900 416.4 75.7 0.30 2.92
Radiata pine 600 303.8 93.7 0.13 3.29
900 371.7 73.2 0.26 2.85
Eulalia 600 381.0 53.6 0.86 8.99
900 282.9 85.6 0.25 3.48

* Sme : Mesopore
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$4800 1.0kV 8.6mm x30.0k SE(M) 2013/08/07 15:18

(B) 600°C

(C) 900C
Fig.12. SEM micrographs of tulip wood samples pyrolized at 10C/min.
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54800 1.0kV 7.8mm x30.0k SE(U) 20 3 08/06 15:45 g .~ 1.00um

- #
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(C) 900C
Fig. 13. SEM micrographs of radiata pine samples pyrolized at 10C/min.
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(A) Before carbonization (B) 600C
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(C) 900C
Fig. 14. SEM micrographs of eulalia samples pyrolized at 10C/min.
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Table 4= 900CA &3 A7 &st&E9 pH #S Yeld Aol duby oz 3o g3
A7l 'skEe] pHy E7te]Adel &Fshm, w8tk wet gho] 24 Yeves Ao= 4y
A gt Zhz+e] ekslE 9] pH 87~-88H =2 LERY
Table 4. pH of carbonized woods

Tulip wood Radiata pine Eulalia

pH 8.8+0.1 8.8+0.0 8.7+0.1
(th) 959 JEAHAEZEH

Table 5= 7 d=5d s 3| &HFY L4 TS YeERd Aol 3EdFS Aot
45% = 7V =A derka, WshgE o 08% 2 7FE 9HA e 3 EA RS oA 9l wigt

T A, of AN, FES AW FrE @

Folth e BH, adlE, o, JEFY #o SRS
Hla) 33ulo) 4, Mol wa) 126014 ¥A LhEkth frEe Zgo] Aol ula) s,
ghuptol Hlsh 26) %A vhehgeh

Table 5. Inorganic compositions and ash yield of samples

Tulip wood Radiata pine Eulalia
Ash yield(%) 0.8 2.6 45

Ca 1589.1 3687.3 705.0

Fe 83.4 - 331.7

Inorganic K 443.2 181.6 5598.8
compositions Mg 222.1 339.0 1399.1
(ppm) Na 40.2 51 149.6
P 100.3 106.3 3899.1

Si 175.2 - 467.1

() AA 9F 92 FI5A

Table 6= Q8% AL E ol gate] dstolds o2 oz AAeste] 600C7A st

3 B8E £587 FIEAS U Aotk £58E st dstold Bue) meg o

datel wald wamo] B gel 7o @ ST, FeAe ol&d A9 W&

e Aolst 2x gt EFAES WE FEES AWSA TFF Aol thE zel
]

o A
=4 et 552 dstold 2SS AlEsA Este]l AR Aol 39% = JHE =
LHERSE
w ATl dstobds HUbskA B2 ©Ik=o #5E°] 311 4
s w2 AdE HoFdth oA AR '@3E 98 AbgE AV e Aem E AT
A AbEE ArgstzE RS o] 2 gds] 2 2 T

=
Solm §98 2o JROR FEFO e Ao A7

T
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$4800 1.0kV 9.6mm x30.0k SE(M) 2013/08/02 15:39

(A) Tulip wood HG-surface

S4800.1.0kV 10.0mm x30.0k SE(M) 2013/08/02 15:19 @

(C) Pine HG-surface (Dv) Pine HG-surface

S4800 1.0kV 8.8mim x30.0k SE(M) 2013/08/02 14:42° S4800/1:0kV/ 8.8mm x10.0k SE(M)2013/08/02.15:04

(E) Radiata pine HG-surface (F) Radiata pine HG-inside

§

S4800 1,0kV/9 3mim Xx10.0KSE(M) 2013/08/02 14:55°

(G) Eulalia HG-surface (H) Eulalia HG-inside

$4800 1:0kV.,8.8mn. %300k SE(M) 2013/08/02 14:35

Fig. 15. SEM images of freeze—dried aerogels prepared from raw materials
(HG: Holocellulose aerogel).
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— Eulalia ---Pine - Radiata pine ——Tulip wood

20 A

—
n

volume(ce/g)

—_
(=]
L

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Fig. 16. N2 adsorption isotherms for aerogels.

Table 7. Pore parameters and BET plots for aerogel samples

BET Sme Total volume Average pore

(m”g) (m%g) Pore(cc/g) diameter (nm)
Tulip wood 209.5 165.3 0.57 11.00
Pine 253.1 240.6 0.85 13.44
Radiata pine 206.2 165.2 0.59 11.63
Eulalia 160.4 1315 0.44 11.21

* Sme : Mesopore

() AzFHd & dojz2de mAFx 2 FF5A
AT e WPT FRAEREAE o &dte] Az 9
Fig. 172 oloj2249 e & dste] Axs AS FAAAE

Abzlolth, BEH o] W (Fig. 17. Aol B-E vAlFFEe] #A=HS
17. Q)= olo]2a AEA Y ZF38 mud okzhe] vl A3
17. BD)= F 8 25 U= Ed 725 BT
St

Fig18< Meuhy SRAFEZAE ol§ste] 2530 A Ior A7 dof=2e o
g AarFFe2Adolr. 259y Adud B AddE e Sokek A " AH2 A
S7FeRlaL, ke 09 ol % FH el FASHA Frbeke B¥e BHolFd

Table 82 Je o259 554 Uetd Aot R4 d5de] Hydd
Hoh =7 dEbstth ol A2 AdudH AlxAl A dEe vhe A2 ds Fadl AxEU
ol Shzkell os F=o] zteobxl Ao dAdHEu Aol HlEL2 FH wWE Aol
a7 FSth F 4SS 5, B d5A4S AUy e] va A veEd
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1

$48001.0kV 8 mm %10.0k SE(M) 2013/01/15 1526 $4800:1.0KV.8.2mm x10,0k SE(M) 2013/01/15 15:09

(A) Film type HG-surface (B) Film type HG-inside

(C) Cylinder type HG-surface (D) Cylinder type HG-inside

Fig. 17. SEM images of aerogels made with different type.

12 -
—Film -=-=- Cylinder
10 A !
1
]
]
1
1
8 1 :
— I
=L [
g
2 6
2
s
4 -
2 4
0 T T T T T T T T T 1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
P/Po

Fig. 18. N, adsorption isotherms of fe aerogels made with different type.
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Table 8. Pore parameters and BET plots for aerogels made with different type
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(2) LiBr& o]&3% &A1z

LiBr &9 60%°] Rl&= Alxste] ge]ad H2dk Aol sE 2%% 314 &sfskith o]
) a2 Hot Plate®] &%=5 190T= AAste] gefd A2z A7t ¢bds] g8ld uf 3t
Ak &3Al NS oddet FElEel Bar ARl F 197 FAskaL dFixe] o3 d5S Alxs)

[ex]
AN

(3) NaOH/Urea =& & o] &3 HE Ax

NaOH : Urea : HO(7:12:81 W WHE ZZu) 2 &3}s)

gANG o] gsle] AYIA ERAZRZCAE LA A L Hog AzxsAqd. A
) .

o] A %3+ Sodium hydroxide-ureas™

= s
[e) = O —_—

AA EREAERLA] wEE 2%2 sto] -13C FE&d] koM ARE ko] wwks)

MEFE MEFe 43 MEee e ¥ gae §92 gojma: wyow APt
oA F eAS BAAZC ofs meEdde A Azt

BEPe Adld ELATZet §E §A4S NPT ST Belmawd A §
A2 F e 12407 AHAA APk oA e A AxE AES FAgE ol
7] 919 sodium alginate 19%°] AL ca T8l FHAA AN F AFAz]

4 A= 5 54 37

(7h) FArAAER 73 &
Azg dg wATEA H7be Aae xUY 9HE FAEAEW A (COXEM EM-30
< ]

ﬂl}l.':

MiniSEM) & o]&3ste] ##adnt Azt AlAe SEME Alsde] =182 AZ HF2A21
% jon sputter coaterE AF&3Fe] 18mAC A oF 387 Au 523k 3wzt

(W4) FT-IR &4
s}ek4 EAe FT-IR(Fourier Transform Infrared Spectroscopy, Excaliber FT/IR-3000

o
)
oo
ol
o
2

HrlsiAdek =S ATR(Attenuated Total Reflection)® &2 A A8kl o] HFHS HALA
o] FdEe Y& F ude AAE A w F vjHo] 2= ZHES Aolo 9] dojue=
total reflection®] ¥2|& o] &3 ZHo=z DAANE, AAANE, THAT 52 FH F&3 ¥

(7}) Methylene blue &3 E4

HEdEFE 2A gzl 43 F2 o AR 545

r2

Tob=d el ol g€t



2o AFA Azxd HEH A FHAEAES HUistr]l f8 wWEd EF FAHES o] &5k
AESY A&+  Sodium hydroxide-ureag£ o2 A %3 FELS NaOH/Urea film,
60% LiBr —’F%‘?ﬂ S o] &3t Az TE2 LiBr film, 8% DMAC/LICl & 95 o] &3Fo] Az
gt &5 DMAC/LICI film, Sodium hydroxide-ureaT8 %S o] &3l A|xst nj=3 AL
NaOH/Urea Beads® " W3ttt A3 2ol 250m A2t Zeh==ad #=vd wdel
F 80 100 meol ZF A BE 05g, 1g, 15g¢ 93 250rpm o2 wiksWA wkg AT o
A Zrubch 3meA zfFH 3 g UV (Ultravilot- Visible Spectrophotometer)th 656nmel|A &3 %=%
stk 2ot G EHKATAYAMA Chemical Co.)S o]&3ta, A3 A 105ColA 34
ol Az

74
L

va
oZi mlm

ool

(W4) 718w = Xuite] Uit 3% &
ARAGA] S2AEZoAE o8 SAE o] &3 A o)

Ao A
5 F#el A
Z

o FHAEHES AESIAY dExrE G4 2 5ls
(Capric acid, Palmitic acid, Stearic acid, oleic acid, Linoleic acid)& o] &3t z2 A HAbe
£ 9 BxEs 19 ske] 10mMe] ¥ EE isooctane®] 9] stock solutions #|Z3FA T o
Z<l A YL ESE(NaOH/Urea film, LiBr film, DMAc/LiCl film,)¥} H]=#A
(NaOH/Urea beads)E 27} 0.1g, 03g, 0.5gd=ste] 50mL A4Zet~3e WAt A %3k
stock solutions 20mLA A #3te] z1zte] A Zgtazad 9y A gE ¥e 442 gaa
E 32T oA 30w-&<t 200rpme 2 shaking$t ¢, 30%-&<F AXAHAGY. A5 5mLs 93
o2 H3dl, neutralized 1-propanol 20mLe} 432 {—, 1% phenolphthalein &S A|A|2fo &

Ar83ke] g stst 25mM NaOH solutiono. 2 2 7 8}t

() &3 A&/7A 0 32 it did F3%5 £4
S 500mL AH7tEE~Fe Hal oleic acidE FHol #HE

AE&FA(F7 5, @ CJALAD) 20g

F%7F 10mMeo] X5 stk AWAES =2l A8 FXAE shaking incubatorel ¥ o] 32Tl
Al 200rpm o2 3AIZF FoF whkskeith. EAdw AL EEY v=ASs 747 01g, 03g 0.5g
AaFsto] A&k Yol A Ho]'}t]:% 52 AE&FH e EFstAT AEE ¥ AAEGS
a5 32T oA 30859 200rpm e & shakingdt % 3027 BAAIZAY. 459 10gS F

Isopropanol : toluene (1:1, v/v) 125mL<e} &3 % isopropanolel] =<1 1% phenolphthalein &
o 2mLE Ao R A&l 0.IN KOH& o2 A st4ir).

(gh) A7 2 H e ] } A7
Aol gt A7F 2 fE] A A= AOCS Cd 3a-63WH ez FA33th A5 10.0+0.05g
S #H3& isopropanol: toluene(1l:1, v/v) =38 125mL¥} 412 % isopropanolo] =91 1%
phenolphthalein & 2mLE& A A|efo® Abgsto] FA43te 0.IN KOHE&H oz 2 A
U Aol wet Abkel A abrE Alke

- Acid valu e(mg KOH/g oil) = (S-B) x N x 5611/ W

- Free fatty acid value (oleic acid %) = (S-B) x N x 5611/ W x 1.99

St Aol An¥ KOH, B: i3 olA 4nl€ KOH, N: KOH® =A%, W: A&F7, g
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Oleic acidZE =9 24%—%11:_7} 10mMeo] %2 3 A8&/F%100gS 250mL A7t~z ¥
o g4 A ES, EAS AEFAd td T 1%E A gol AAs =9 A&
Aot &3ttt AlRE ¥ AAEGAAE 32T dA 3025t ZOOrme_i Shaking?ﬂ'
T, 308 AAAHY. AE ol&sted AREE AAT SAFAF A 9 WS 29, 3
3 wrEA gkt Ag Atk 10g9] A S F @l isopropanolitoluene (1:1, V/V) 125mL9}
&3 %, isopropanolel <1 1% phenolphthalein £ 2mLE A Al ¢fo 2 AFE-3lo] 0.IN KOH
gelow At

% 43 2 13

(1) & AE< ol &3t A48 B59 vAF=

Fig. 195 Ao E2482 222 8% DMAc /LICl #8402 &aAA Axg 258 F

AbAAE R el ofsl I Apdolnh. el there] AAA ol #AH AT (Fig. 19 A). A
o7
|

AN

Aoll= oF 46%9 F71dwol S48, ol AL ZE, ¢, vtadls, 2w, & A
Ay gk 5o gdAd el A=
°F 338 oY FFE = Ao & : =
A Aow AZtAy. 459 9 (Fig. 19 B)EF5°] HA0l FoA Wxyof 9}%%5& FEH =
B A

AHRoz Q3 Fa7t %élﬂl Hpo] @ mjj 2~of W

20.00kv] SB 50,900 5. 1.0kc | 10[um] i 3.0 flib—6ls T1.01c  10[um]
(A) Surface (B) Inside
Fig. 19. SEM images of holocellulose films prepared from the DMAc/LiCl
solution.
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— &4 { 1 )
20.0[KV] SP=7.0 WD=9.9 1.0kx 10[um] 20.0[KV] SP=7.0 WD=7.5 1.0kx | 10[um]

(A) Surface (B) Inside
Fig. 20. SEM images of holocellulose films prepared from the LiBr solution.

Fig. 21¢ NaOH/Urea &89 204 &aIA7 Axd A Agold Tzadszox g2
o FAAAANGoz BAS Aol EW(Fig. 3 A)E DMAC/LICL LiBra §3ste] A48
2= gz nAZs So] BFFYon, BAANZ o8 Zyzadd A8 A
Al AEZW A EAskE FrlsEe] HEEHJAT. WH(Fig3 B)v ZY=Z=dd A4 &3d A
oA E2AER A7} TAH Q= Ao #AH AT}

<A
20.0[KV] SSP=8.0 , WD=7.0 1.0kx . 10[um]

F '] -
20.0[KV] SP=8.0 WD=6.4 LOkx " d0[um]

(A) Surface (B) Inside
Fig. 21. SEM images of holocellulose films prepared from the NaOH/Urea

solution

Fig. 22+= NaOH/Urea &% <& A=A &fAA Az AW AR E=AE2 2
o2 #A#FG ARlolth W (Fig. 22 A+ t& A= A3 &

=
[

3 AL FAARE Ao SRR
g2/ F4e e g35c] BAHY. UR(Fig22 B WEND P2 B nATIEol

HEE A
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(A) Surface (B) Inside
Fig. 22. SEM images of holocellulose bead gel prepared from the NaOH/Urea

solution.

(2) ABLEEF HI=29] FT-IR £4

Fig. 232> AuoAl EzdEg2 e~ 7t 4o o3 Az &
FT-IR &4 Z23E yetd Aejn. Asze s dgddgat nd
- 2995cm, 2900cm . 1430cm 1375cm™!,  900cm ' &

2995~3600cm*1 PN = A i@_f&oﬂ o5k OH sl ¥ a7k vEhdth O)H: - -06)
3} OB)H:---0(B)9 EAWFALZATI OBH - -03)2 A7t F=42Z23Le 345573410cm !,
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Al YERSTE o] A1 EAel o3t 839 H%J}XJOM AE2oA ] ARTFx7E AE2eA 1T
ARz WEEAY] WEd Aoz AZdEr. AN EZAEZ Q9 2891cm ol UHEL
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—original === LiBr film ---DMAc/LICl film

1030 1060

0.1 4

Absorbance

— - NaOH/Urea film

NaOH/Urea beads

1300 1400

1600 1700 1800

800 900 1000 1100 1200 1500
Wave number (cm-1)
(a)
——original === LiBr film ---DMACc/LICI film —-- NaOH/Urea film ------ NaOH/Urea beads

0.05 A

0.04 4
© 0.03 - 3405
a” L
° -
2 ‘,_—,.’--"/;375 pHite
c Tt .
v P . .
E et R

0.02 4 ot N
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2800
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(b)
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Fig. 23. FT-IR spectra of the regenerated films and bead gel
with wavenumber ranges of 600-1800(a) and 2800-3600(b).

(3) Xd 34 £4
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—control - LiBr ——LiCl/DMAc —--NaOH/Urea

Intensity(a.u.)

10 15 20 25 30 35
206

Fig. 24. X-ray diffraction profiles of the regenerated films

20 (%)

Fig.25. X-ray diffraction profiles of the cellulose II power.
* ZA}&: Yang Y-J et al.(2014) Cellulose 21, 1175

(4) ABLEE FFSA

b HEAEZ 3 FHEA
Fig. 26> DMAc/LICl 2 &l dig Wex &F FA54ES vebd ol v &5 F8&
N o] =% 5ppm, 10ppmeol] ™3 DMAc/LICl &9 #H7M=ES 05¢g, 1.0g, 1 kil
FAAE3 A2 yebd Zojth wEd EF FEd Fro e F2488 HUt
2 Z7bskdoh w3 DMAC/LICI 259 A7Fg S7ko wel Wadass &
45 302 ol DMAC/LICIZ2E H7FF 1.0golst =3olM= ¥ &
H =9tk 153 7He A9 58U 5% A= FHHAT T2 =
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Fig. 26. Adsorption of methylene blue on the DMAc/LiCl film.
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Fig. 27. Adsorption of methylene blue on the LiBr film.
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Fig. 28. Adsorption of methylene blue on the NaOH/Urea film.
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Fig. 29. Adsorption of methylene blue on the NaOH/Urea bead.
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Fig. 31. Adsorption of methylene blue on the samples.
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Fig. 32. The effect of active carbon treatment on the acid value.

Fig. 332 #7189l isooctaned] =91 X4t 5% F(capric acid, palmitic acid, stearic acid,

oleic acid, linoleic aicd)ell ©3 NaOH/Urea H|Z=9] A= YEbd Aot

NaOH/Urea H|= 7o F7bel whet A7b7F 3HAekdvh 53579 AWt Fol A oleic acid
&S HoFaL, palmitic acid, capric acidi= H7F% 0.3g ©ls7HA+= 4

HAFAIRE 1 o] Fof vt 7HAES HoFAT

Fig. 34= 718 isooctaneo| =< A|®4t 5% F(capric acid, palmitic acid, stearic acid,
g NaOH/Urea 259 A%E YERA Aot

7kl Wt A 7E AR, 1 BRAfole= AAl Sk

7ol gl

< =) E
STAEA

oleic acid, linoleic aicd)®ll F2EA
NaOH/Urea ¥ & 7}
T A A FRA e Aol=
Fig. 35 #7181l isooctaneo] =<1 A2
oleic acid, linoleic aicd)oll W3 LiBr 2&9 & A¥E YEd Aotk LiBr 25 #H7t
Fo Skl whel A7 asslvh 57 AAE Foll A linoleic acid7b thE A4
v =2 FAaes BTN, I 9 AWAk2 LiBr 2§ MH7bdol o2 Wyl A9 §ld
<

o} E3 linoleic acid. capric acid ©]<] 2] Foll W& Aol= =A gk

=

F(capric acid, palmitic acid, stearic acid,

Do
Mmoo

E X

- 120 -



40

35

NaOH(ml)
= ) [ (98]
U = U S

(=3
o

Fig.

30

25

20

NaOH(ml)
'—l
wi

[
o

Fig.

—- - capricacid  --@-- palmitic acid - & —stearic acid —o -oleic acid —8— linoleic acid

(C10:0) (C16:0) (C18:0) (C18:1) (C18:2)

0 01 0.2 0.3 0.4 0.5
Sample (g)
33. The effect of NaOH/urea bead treatment on the acid value.
—- + capric acid - @-- palmitic acid — & —stearic acid —o -oleic acid —8— linoleic acid
(C10:0) (C16:0) (C18:0) (c18:1) (c18:2)
O o s —— e .
B [
e e —
e, T T T T P e
0 0.1 0.2 0.3 0.4 0.5
Sample (g)
34. The effect of NaOH/Urea film treatment on the acid value.
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Fig. 35. The effect of LiBr film treatment on the acid value.
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Fig. 36. The effect of DMAc/LiCl film treatment on the acid value.
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Fig. 37. The adsorption effect of samples treatment on the capric acid value.
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Fig. 38. The adsorption effect of samples
treatment on the Palmitic acid value.
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Fig. 39. The adsorption effect of samples treatment
on the stearic acid value.
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Fig. 40. The adsorption effect of samples treatment
on the oleric acid value.
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Fig. 41. The adsorption effect of samples
treatment on the linoleric acid value.
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Fig. 42. The adsorption effect of samples treatment on the
oleric acid value dissolved soybean oil. AC: Active carbon, NF:
NaOH/Urea film, NB:NaOH/Urea bead, DF: DMAc/LiCl film, LF: LiBr film.
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Fig. 43. Free fatty acid of refined oil by treating various samples
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Fig. 47. SEM images of holocellulose gels prepared from the LiBr solution.
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(A) Surface (B) Inside
Fig. 49. SEM images of holocellulose gels prepared from the NaOH/Urea solution.
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S oz Yepygth xwel dAdH 7]FE2 IUPAC(International Union of Pure and
Applied Chemistry)¥®F 7]l wel Type 13 IVe] £33 ez verygt & Addd
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Fig. 50. Ny adsorption isotherms for the regenerated gels.
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H] 321 2] (Sper, specific surface area), FA1& 3 (V] total pore volume), 31t A2 74 (D,
Average pore diameter)2 YEFH Holth wH]EW AL BET?2 (Brunauer-Emmett-Teller
equation)< ol &3t om, FAETHFI= Aiyte P/PO-0.99 A F2E THAAY FIEFE
ALtet ek Hi Al A Ade thso AS o]l &ste] Tkt

D(nm) = 4Vt x1000 / SBET

Aol Ao ~2HE AxE A AE vxAAS LiBr $£89& o]&3to] A
z3 A Aol 9494 m¥g, LiOH/Urea &S o] &dto] Alx3 AAYAL 14646 m?g,
NaOH/Urea & A& o] &3sto] A =3t A4 AL 12383 m¥Yg® LiOH/Urea & 9S o] &3}
of A3 QYA HFEHA 71 Tt FAFH-Y = LiBr 898 o] &3to] Alxd A
A 7ol 9494 m%/g, LiOH/Urea & 45 o] &3te] Ax3 AP AL 146.46 m’/g, NaOH/Urea
FgdS ol gato] Axd A AL 12383 mY/gE LiOH/Urea &8-S o] &3lo] A %3 A
AAol AleRart 7bd Zok BiFAle e NaOH/Urea =84S o]gato] A %3 A4A
1 714 Ak AAH o2 AN E2AESZ o AE thgst &2 £3A7 AMAY thE
EANS vuAdES A7 LiIOH/Urea 58 N0 = L3|A|A A= Ao vgHAI AFTHD

b2 Aol A3 e Svlsc vi& $3 SA4= HolFith

S

l

m oo

N

Table 9. Pore parameters and BET plots for regenerated gels made by wvarious

solutions
2 -1 Vi [em® g ']
Seer [m” g7 (p/p0=0.99), D, (nm)
LiBr 94.94 0.6068 25.265
LiOH 146.46 0.8137 21.778
NaOH 123.83 0.8427 27.221

Fig. 51 AMAAE AFFEFEX=(PSD, pore size distribution)S BJH(Barrett, Joyner and
Halendar) W& o] &3ato] Aitete] Alg=ar|E Ht 2 A g 53 3k(dVp/dlog(dp)) o] &3
2 yed Aolth LiBr 8&9& ol&ste] AAg AES 20~160nm Abolol #F3Eskal Q=
Ao w ettt LiOH/Urea 895 ol&ste] Axd AAYZAELS 80~140nm Arolol &
X3t e ez yehgth 28y NaOH/Urea 489S o] &3to] A3 A5
20780nm Afelofl Wol Fxsta JE Ao YEY, & AFolA M e FFEEEE B

o] FaL it
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Fig. 51. Pore volume distribution of the regenerated gels.

(3) A A9 FT-IR 4

Fig. 52& AW ZR2AE2Z2~E 7 &Alo 93] Axg QA Az gt dAA
FT-IR =¥ E#d BA A#E Jeld Aotk AGYA E2AEZ 9 ~o A 1160cm ‘oA e}
G AE20 2~ [ C-0 A5 ES el 9as A AEoA 1155cm '2 o] 53] A
YUER T A g A) %i‘“ei_‘?_/\cﬂ A Mg E C-0-C A=) 71913 1107cm ! 3+ QA
A= YeElYA] &= Aol AFEY. o] dlas AER Q29 anhydroglucose ring 2l
chaing YE= o= O—ng ARG A thE FEHE QA ofs] AlekA= Ao
AgdEt A ERAEZ e oA 896ecm ol UERG oFd daE A AdA =
898cm & o]E WA vETE o] A S group frequencyd] #EE = glycosidic C-H ¥
o 93] velE Aoz AERQ ~A] glucosedt glucose Alolol] B-glycoside 28] EA

Aol waggolr), EE AN ERAZEZ O 20X CO, C-C, C-Hell 7]218t= 994, 1037,
1054cm ™! ¥ =7F vdebytth 2y A4 AL A= 999, 1030, 1060cm ‘2 3] =7} o] F3dle]
2=

AER oo ARgdsn vAd4ggdde WHol: F2 4000 - 3000cm !, 2900cm . 1420cm
1370cm™, 900cm™ 103@ oA dojdth dwbd oz FaAFe| os OH AlZe AV}
3000-3600cm ' g efellAl  webdth O@H---06)3% O(3)H---O(5)91 =AW S
3455-3410cm !, 3375-3340cm 'l A OB)H: - -O(3)2] A7t =42 3S 3310-3230cm ‘ol A
ZHE. AYIA] FTRASZ O~ 3346cm oA UERG JJEL—E LiBr 2 3384cm
LiOH/Urea 7 3392cm ', NaOH/Urea 7 338cm '& 327} o]&3F Aoz yeytth 7t
A E2AERZ Q29 2862, 2925cm ol WERY CHuAlZol 7]9l8keE a7 A A=
2808cm & o] Fa Zlo] #AFAL ole} e ¥A9 W= AudN ERAEFZ OV}
gAl] e & AAHANA ASR e~ | AAFTZRIF AS2 o~ I AATZE WY
A7 WEQJA Ao AzhE,
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Fig. 52. FT-IR spectra of the regenerated gels
with wavenumber ranges of 600-1800(a) and 2800-3600(b).

(3) XA 34 +4
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Fig. 53. X-ray diffraction profiles of the regenerated gels.

(4) A Ao €FF Y

Fig. 54= & AToA AFEE A Asd digt €53 &4 4345 verd 3oty A
Al E2AEEQ 2 e &3 T8 dElste] Axg A AELS 100TCol gkl A= F&
Aae] e FHWEILE HoAFo g AAAELS 300~360T Ate] -7kl A A% 4
a7 AT o] 2= AER A AR T2 FI7F ol FolAE FYRAEA &3
FTE&H] Mg Aol= A gl Ao=E yEWn 2y HF 600CT7HA oA o] &
IJ(Fig. 54 D)3 A&7k oF 20% A== 7F¢ =93, LiOH/Urea & 4L o] &3k A&7}
°F 10% AXx=Z Yelyth NaOH/urea®}t LiBr 89S o] &3l Axg AL 713 ¥ &
S HoFUu. DTARA Z3 gdelad AlR& 341T, LiBr =898 o] &3] AA3 AL
345C, NaOH/Ureas& S o]&3to] A3 AL 348C, LiOH/Urea &S o] &3to] A8

g AL 338ColAM =tiad I 27t e
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Fig. 54. TGA profile of samples.

(5) A Ao FFE 7] A& &4

Fig. 55 PAHs X A oF 4% (Benzlalanthracene, Benz[elacephenanthrylene,
Benzolk]fluoranthene, Triphenylene)o]l w3t GC/MS Z ZvlE 1S YeElW Zo]a gho] B el
Wy AdRE Fll FHE AES table 100] WEtHlth HEE 24 RS peakd] AW A Tl
3l 7} peak7l AFA|sh= WA Hl&RE Fato] vERHITH 2 A3 ol A retention time 16.6458% ¥
= 9] N-Benzyl-1H-benzimidazole, 23.4429% 3 32| 1,2-Propanediol, 3-benzyloxy-1,2-diacetyl-,
24.3538+ ¥ 3] Methadone N-oxide®} 2 A2 Blank A5 Z2A] A &4 ol A A28k
%A% Benzlalanthracene(BaA)+ retention time 23566%° A&ol HEHAT A
Benzlelacephenanthrylene  (BAP)<  retention time  26.604~26.715%  A}o]d]  Benzlel
acephenanthrylene, Benzolelpyrene, Pyridine-3-carbonitrile®} 7S A& Eo| H|%3 H|F o7 7
=5 Aok A 92 Benzolklfluoranthene (BbF)oll A= retention time 25.969~26.138% Aol ol
Benzle] acephenanthrylene, Benzolalpyrene, Benzol[klfluoranthene Al&So] H|$=23F H|F o2 7
=9 3th. EF A2l Triphenylene (CRY)E retention time 23.661% 3 23. 879%] 7 &% %t}
GC/MS AZvtE IS o] 8-t ¥ A oF F-A7 ol A Benz[a]anthracene,
Benz[elacephenanthrylene, Benzolk] fluoranthene® A& retention time 26%-thollA HZEH A

1, Triphenylene A+2 retention time 23% ol A 71 &% Sl ch
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Fig. 55. GC/MS chromatogram of the 10 ppm standard PAHs solution.
Number refer to the compounds identified in Table 10.

Table 10. Compound identified in the chromatogram of PAHs standard solution

r..t. Compound relative areas

(min.) BaA BbF BAP CRY
10.973 | Hexane - 4.8 - -
10.977 | Octadecane - - 5.1 -
10.978 | 2-Bromo dodecane 4.2 - - -
10.982 | 1-Propene - - - 6.5
11.241 | Methylene Chloride - 50 - -
11.262 | Benzene - - - 6.6
11.649 | Hexane - 51 - -
11.653 | Octadecane - - 54 -
11.654 | 5,15-Dimethylnonadecane 6.4 - - 6.9
11.822 | Decane - - 55 -
12.639 | SH-Benzocycloheptene - - - 75
12.639 | Benzene - 56 - -
13.937 | 4-Methyl-8-aminoquinoline - 6.2 - -
13.941 | Pentasiloxane, 3.3 - 6.4 8.2
14.127 | 2,4-bis(1,1-dimethylethyl) - 1.8 6.2 6.5 8.3
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14.469 | Pentadecane - 6.4 6.7 8.5
15.883 | 1,1’ -(1,3-propanediyl)bis— 1.1 7.0 7.3 94
16.785 | 1-methyl-2-(2-phenylethenyl)-, 3.2 74 7.8 99
23.566 | Benzlalanthracene 79.6 - - -
23.661 | Triphenylene - - 14.0
23.76 | Triphenylene 05 - - -
23.879 | Triphenylene - - - 14.1
25.969 | Benzlelacephenanthrylene - 115 - -
26.068 | Benzolalpyrene - 116 - -
26.138 | Benzolklfluoranthene - 116 - -
26.159 | Benzlelacephenanthrylene - 116 - -
26.604 | Benzlelacephenanthrylene - - 12.3 -
26.674 | Benzolelpyrene - - 12.3 -
26.69 | Benzlelacephenanthrylene - - 124 -
26.715 | Pyridine-3-carbonitrile - - 124 -

Fig. 5637} Table 112 $d7]E 50C9 Td2% ZHoA TAAS EE]5te] NaOH/Urea
Ao F&H AV|AdR st GC/MSAZvIEINY AEH AEES YeRUT 2 2704

4-ethyl-2- methoxy-—, 2-Methoxy—-4-vinylphenol, Quinoline,
6H-Furol2’,3":4,5]loxazolol3,2-alpyrimidin -6-one, 2,6—-dimethoxy-, Eugenol,
1-Benzenol,2-methoxy—-4-[[[2-(4-hydroxyphenyl) ethyllamino] methyl]l-, Vanillin, Phenol,
Benzoic acid, 2-methoxy—4-(1-propenyl)—, Ethanone, N-Benzyl-N-ethyl-
p-isopropylbenzamide, @ Butylated  Hydroxytoluene, @ Benzene, @ Homovanillyl  alcohol,
2,3,5,6-Tetra fluoroanisole, 2,6—dimethoxy—4-(2-propenyl)-, 4-Propyl—-1,1'-dipheny],
Benzenaminium, 3-hydroxy- N,N,N-trimethyl-,, Benzaldehyde, Benzoic acid,
3,5-Dimethoxy—-4-hydroxyphenylacetic acid, Heptasiloxane,

N-Benzyl-N-ethyl-p-isopropylbenzamide, (2,3-Diphenylcyclopropyl)methyl phenyl sulfoxide,
5-Methyl-2-phenylindolizine¢} &2 AJ&E°] A= AX AR PAHs A5 HE5A &%
th. AEHEM S0l =L retention time 13.3273% ¥ =] Benzoic acid, 14.3372% 3] =9
Benzene A & F#o ASATES TAXTo] AojdaE ARHFo] F7keke AoR
UEREA TE retention time 12.0371% 3] =9] Phenol A%, retention time 13.3809% 3]=9]
IRy CEREIC

H

N

2-methoxy-4-(1-propenyl)-2] H]Z<
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Fig. 56. GC/MS chromatogram of the absorbed compounds of NaOH/Urea gel at different
smoking in 50C smoker. Number refer to the compounds identified in Table 11.

Table 11. Smoke compound in adsorbed by the NaOH/Urea gel after smoking at 50 C

Smoked time

(rrrntn) Compound (relative areas)

Zhr 4hr 6hr
11.0027 4-ethyl-2-methoxy— 19 14 2.1
11.5179 2-Methoxy-4-vinylphenol 1.7 - -
11.658 Quinoline, - 15 -
11.6622 6H-Furol2’,3":4,5]oxazolo[3,2-alpyrimidin-6-one, 10.8
12.0371 2,6-dimethoxy - 155 14.3 14.0
12.1403 Eugenol 15 - -
129764 i;g?ﬁﬁ?ﬁéjigﬁ;?ﬁxy_4_[[[2_ (4-hydroxyphenyl) 0.9 - -
12.7092 Vanillin 1.7 2.2 16
12.837 Phenol 1.1 - -
13.3273 Benzoic acid 155 18.8 20.4
13.3809 2-methoxy—4-(1-propenyl)- 4.8 45 4.2
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13.855 Ethanone 0.7 1.3 15
13.9458 N-Benzyl-N-ethyl-p-isopropylbenzamide 7.7 14 -
14.193 Butylated Hydroxytoluene 1.1 14 1.6
14.3372 Benzene 9.6 14.0 16.4
14.4156 Homovanillyl alcohol 1.2 1.8 2.2
14.8114 2,3,5,6—Tetrafluoroanisole 41 55 7.2
15.2605 2,6-dimethoxy-4-(2-propenyl)- 3.1 5.1 6.0
15.3429 4-Propyl-1,1"-diphenyl 2.1 3.8 4.4
15.3966 Benzenaminium - 1.0 -
15.8294 2,6—dimethoxy—-4-(2-propenyl)- 09 15 2.1
15.9283 Benzaldehyde - 2.1 2.3
15.9532 Benzoic acid 4.8 - -
16.3817 2,6-dimethoxy-4-(2-propenyl)- 2.4 5.1 77
16.7527 Ethanone - 1.7 1.3
17.1526 3,5-Dimethoxy-4-hydroxyphenylacetic acid 19 3.9 4.0
17.6885 Heptasiloxane 2.0 - -
19.2342 N-Benzyl-N-ethyl-p-isopropylbenzamide 0.8 - -
24.2176 (2,3-Diphenylcyclopropyl)methyl phenyl sulfoxide, 2.0 2.6 -
24.2217 5-Methyl-2-phenylindolizine - - 0.9
24.3165 (2,3-Diphenylcyclopropyl)methyl phenyl sulfoxide - 43 -
Fig. 579} Table 12+ FA7]& 80T A% oA FAALHE @Elste] NaOH/Urea
Aol F&AE AVIAEEl ug GCOMSAEvEIfMNY HEE AESS UEd Aotk

retention time 153965+ o]dd HEH AEE(26-dimethoxy-, VanillinBenzoic acid,
4-hydroxy—-3-methoxy—, 2-methoxy— 4-(1-propenyl)-, Ethanone, Butylated Hydroxy toluene,
5-tert—Butylpyrogallol, Homovanillyl alcohol, n-Capric acid isopropyl ester, 2,3,5,6—
Tetrafluoroanisole, 2,6-dimethoxy-4-(2-propenyl)-, 4-Propyl- 1,1'-diphenyl, Cedrol)< <<
A Zbo] AojAf2 AEu|Fo] 7HAdE Aoz YeR AT Benzoic acid, 14.3372% 3] =9
Benzene, 53 22 Aol TAAZIo] HAojAss AiEuFo] F7kete A= e AN
retention time 15.8293% o]% o] UEld =9 Phenol, 2,6-dimethoxy- A& B F& 7HA
St Aow ey

- 143 -



12036

150000

feic Rl cc I (5 23

1522

1538
1715

1) " | 165 =
11485 |
24777
M
Wl .

T
2o

e B ot e o e Lo T T
4m 1600 180 2000 200 2400 /00 28

(A) 2hr (B) 4hr
o 636
flkcce]
00000)
13325

70000,
o 7,57

23'%;;318

2421
vt b L}_J‘\_’JL/’—M

1200 1400 180 180 00 20

B 40 B0

BO 2 20

(C) 6hr

2n EO B0

B0

Fig. 57. GC/MS chromatogram of the absorbed compounds of NaOH/Urea gel at different
smoking in 80C smoker. Number refer to the compounds identified in Table 12.

Table 12. Smoke compound in adsorbed by the NaOH/Urea gel after smoking at 80C

Smoked time

rt Compound (relative areas)
(min. ohr  4hr  6hr
12.0371 2,6—dimethoxy - 10.9 89 8.7
12.7131 Vanillin - 1.7 1.2
13.3274 Benzoic acid 19.2 13.8 12.1
13.3809 2-methoxy—4-(1-propenyl)- 3.3 3.1 2.7
13.8551 Ethanone 1.3 15 14
14.1930 Butylated Hydroxytoluene 1.1 14 0.6
14.3372 5-tert-Butylpyrogallol 17.1 13.6 12.1
14.4155 Homovanillyl alcohol 1.8 24 2.3
14.4567 n-Capric acid isopropyl ester - 1.7 2.2
14.8112 2,3,5,6—Tetrafluoroanisole 4.7 4.8 4.4
15.2605 2,6-dimethoxy-4-(2-propenyl)- 7.1 6.9 6.5
15.3429 | 4-Propyl-1,1'-diphenyl 5.8 5.4 5.2
15.3965 | Cedrol 3.4 2.4 2.0
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15.8293 2,6—dimethoxy—4-(2-propenyl)— 2.6 29 3.2
15.9283 Benzaldehyde 3.9 4.6 55
16.3858 2,6—dimethoxy—4-(2-propenyl)— 8.6 12.0 134
16.7526 Ethanone 2.2 3.7 44
17.1566 3,5-Dimethoxy-4-hydroxyphenylacetic acid 5.8 74 9.1
17.7296 Aspidinol - 1.3 16
24.2217 1H-Indole, 1-methyl-2-phenyl- 1.2 1.0 1.0

Fig. 58%} Table 13& F¢7]E 110TCY Tdex ZddA TAAS Ze o] NaOH/Urea

Ao F2H A7) dg GO/MSARMEDRYN HAEd AEES vEd Aotk & =1

of A = &3t AEE(2,6-dimethoxy-, Dehydroacetic Acid, 3-Hydroxy-4-methoxybenzoic

acid, 2-methoxy—-4-(1- propenyl)—, Butylated Hydroxytoluene,
1-(6-Hydroxyimidazol2,1-blthiazol-5-y1) ethanone, Homo vanillyl alcohol,
N-Dichlorophosphinodimethylhydroxylamine, 2,356 Tetrafluoroanisole, 2,6-
dimethoxy—-4-(2-propenyl)-, 4-Propyl-1,1'-diphenyl, Cedrol, 2,6-dimethoxy- 4-(2-propenyl)-,
Benzaldehyde, 2,6—dimethoxy—-4-(2-propenyl)—, Ethanone, 3,5-Dimethoxy—4-

hydroxyphenylacetic acid, Aspidinol, 1,2-Dimethoxy-4-(1,2,3-trimethoxypropyl)benzene, 35—
Dimethoxy-4-hydroxycinnam aldehyde, 1,2-Benzenedicarboxylic acid, 5-methyl-2-phenyl-,
5- Methyl-2-phenylindolizine)©] HZ&% A th. 1% TAAIFS 2417 AAISE 9o JojA =

Hl 5 & 2FA] gk | retention time 14.3373% 3] .9
-(6-Hydroxyimidazo[2,1-b]thiazol-5-yl)ethanone’d & T A 7to] ZF71st=2 H|Fo] ZAa

o

3, retention time 17.1526% 3] =9] 35-Dimethoxy-4- hydroxyphenylacetic acid A &<

’

2
FANLO] FABFE vFo| F75He

& T
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Fig. 58. GC/MS chromatogram of the absorbed compounds of NaOH/Urea gel at different
smoking in 110C smoker. Number refer to the compounds identified in Table 13

Table 13. Smoke compound in adsorbed by the NaOH/Urea gel after smoking at 110

Smoked time
rt Compound (relative areas)

(min.)

2hr 4hr 6hr
12.0372 2,6—-dimethoxy - 9.9 77 6.2
13.3233 Dehydroacetic Acid 10.8 - -
13.3274 3-Hydroxy—-4-methoxybenzoic acid - 10.9 6.8
13.381 2-methoxy—4-(1-propenyl)- - 1.9 -
14.193 Butylated Hydroxytoluene 44 2.1 4.3
14.3373 1-(6-Hydroxyimidazol2,1-blthiazol-5-yl)ethanone 12.2 10.7 8.0
14.4115 Homovanillyl alcohol 2.3 2.1 1.8
14.4568 N-Dichlorophosphinodimethylhydroxylamine 3.7 45 6.6
14.8113 2,3,5,6-Tetrafluoroanisole 4.7 2.8 29
15.2606 2,6-dimethoxy-4-(2-propenyl)— 6.0 6.0 4.8
15.3431 4-Propyl-1,1"-diphenyl 47 4.6 3.6
15.3966 Cedrol 5.6 4.1 2.7
15.8295 2,6-dimethoxy-4-(2-propenyl)— 2.0 2.4 2.2
15.9284 Benzaldehyde 74 6.2 6.5
16.3818 2,6—dimethoxy—-4-(2-propenyl)— 7.4 9.7 89
16.7528 Ethanone 5.8 6.0 6.5
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17.1526 3,5-Dimethoxy-4-hydroxyphenylacetic acid 8.2 10.9 11.3
17.7256 Aspidinol 2.3 - -
17.7297 1,2-Dimethoxy—4-(1,2,3-trimethoxypropyl)benzene - 2.8 3.6
19.296 3,5-Dimethoxy-4-hydroxycinnamaldehyde - - 3.1
241311 1,2-Benzenedicarboxylic acid - - 51
24.2176 5-methyl-2-phenyl- - - 5.2
24.2218 5-Methyl-2-phenylindolizine 2.6 4.5 -

Fig. 59%} Table 14%= FA7]E 140TC 9 FAL2E QA FAAES ZEste] NaOH/Urea
Ao EXE AR F GC/MSARAEIAIN} HEH JEES Uebd Aotk B x4
o= 26-dimethoxy-, 3-Hydroxy-4-methoxybenzoic acid, Benzenamine, Butylated
Hydroxytoluene, 5-tert-Butylpyrogallol, 1-(6-Hydroxyimidazo[2,1-b]thiazol-5-yl)ethanone,
D-Glucose, Cedrol, Benzaldehyde, 2,6—dimethoxy— 4-(2-propenyl)-, Ethanone,
3,5-Dimethoxy—-4-hydroxyphenylacetic acid, 6-"Trifluoromethyl-2H,4H-
[1,2,4]triazine-3,5-dione,  1,2-Benzenedicarboxylic  acid, (2,3-Diphenylcyclopropyl)methyl
phenyl sulfoxide, Methadone N-oxide¥} < t}sh AR ESo] AEHAY. AA HAE29 HE

oA 2hrEst AT AR Aee HAEE AT T vlTol =2 141937 ¥ =9 Butylated
Hydroxytoluene’d & o] FAA]7Ho] = Ao w eyt ey 24.1309% I
9] 1,2-Benzenedicarboxylic acidd &< FTAAIZte] S71E 45 F718tdal, HEd A8 5

X}X] ]‘L H]Toﬂ}‘i 7}‘0 .L/\/H:]'
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Fig. 59. GC/MS chromatogram of the absorbed compounds of NaOH/Urea gel at
different smoking in 140°C smoker. Number refer to the compounds identified in Table 14.

Table 14. Smoke compound in adsorbed by the NaOH/Urea gel after smoking at 140TC

r.t.

Smoked time

(min) Compound (relative areas)
2hr 4hr bhr
12.0413 2,6—-dimethoxy— 15.8 9.0 5.0
13.3234 3-Hydroxy-4-methoxybenzoic acid - - 4.3
13.3272 Benzenamine 105 59 -
14.193 Butylated Hydroxytoluene 209 11.7 74
14.3374 5-tert-Butylpyrogallol - - 4.1
14.3414 1-(6-Hydroxyimidazol2,1-b]thiazol-5-yl)ethanone 8.1 - -
14.4567 D-Glucose, - 11.0 8.1
15.3967 Cedrol - - 35
15.9282 Benzaldehyde - 9.8 6.0
16.3819 2,6-dimethoxy-4-(2-propenyl)— - - 3.2
16.7526 Ethanone - 8.7 56
17.1527 3,5-Dimethoxy-4-hydroxyphenylacetic acid 105 11.1 5.7
17.7257 6-Trifluoromethyl-2H,4H-[1,2,4]triazine-3,5-dione - - 3.2
24.1309 1,2-Benzenedicarboxylic acid 14.1 19.8 33.6
24.2177 (2,3-Diphenylcyclopropyl)methyl phenyl sulfoxide - 13.0 10.2
24.2217 Methadone N-oxide 20.1 - -
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Fig. 609} Table 15 TA7]& 50T A% XA FAAES E8ste] LiBr A9
F2E A& g GC/MSAmrEIR Y HEY AEES UEd Zojth & 1A
= 4-ethyl-2-methoxy—, 2-Methoxy—-4-vinylphenol, 2,6—dimethoxy-, Eugenol,

2-methoxy-4-propyl-, Vanillin, 2-methoxy- 4-(1-propenyl)-, 3-Hydroxy-4-methoxybenzoic
acid, Ethanone, Butylated Hydroxytoluene, Benzene, Benzeneacetic acid, Homovanillyl
alcohol, 2,3,5,6-Tetrafluoroanisole, 2,6—dimethoxy—-4-(2-propenyl)-, Benzaldehyde,
2,6-dimethoxy-4-(2-propenyl)-, 1-Butanone, 1H-Indole®} & A EEo] A&HJY 1 =
2hrs ot EA3 A5 A 12033% 3329 26-dimethoxy-A &2 TAAZbe] FUe5 7t
AdlE AoR yehwth zejy 1332728 ¥ =9 3-Hydroxy

14.1929% ¥ =9 Butylated Hydroxytoluene A2 T A|71ko]
< 7FskA o

-4-methoxybenzoic acid’d &,
ST E AA g v F ol
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Fig. 60. GC/MS chromatogram of the absorbed compounds of LiBr gel at different
smoking in 50C smoker. Number refer to the compounds identified in Table 15.
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Table 15. Smoke compound in adsorbed by the LiBr gel after smoking at 50C

rt Smoked time
(min) Compound (relative areas)
2hr 4hr 6hr
11.0025 4-ethyl-2-methoxy— 3.7 2.7 25
115177 2-Methoxy-4-vinylphenol 2.6 2.1 -
12.033 2,6—dimethoxy— 22.0 18.0 15.1
12.1401 Eugenol 2.3 1.7 -
12.2761 2-methoxy-4-propyl- 1.2 - -
12.7131 Vanillin 3.0 3.0 2.6
12.8326 2-methoxy—4-(1-propenyl)- 14 1.1 -
13.3272 3-Hydroxy—-4-methoxybenzoic acid 20.2 20.2 20.8
13.3808 2-methoxy—4-(1-propenyl)- 6.2 59 4.8
13.8549 | Ethanone 0.9 14 14
14.1929 Butylated Hydroxytoluene 1.5 14 1.1
14.3371 Benzene 114 12.6 15.1
14.4113 Benzeneacetic acid 2.0 - -
14.4157 Homovanillyl alcohol - 2.2 25
14.8112 2,3,5,6—Tetrafluoroanisole 24 4.6 5.6
15.2605 2,6-dimethoxy-4-(2-propenyl)— 39 5.3 6.4
15.3429 | Benzene 2.4 3.1 4.0
15.8295 2,6-dimethoxy-4-(2-propenyl)— - 0.7 1.0
15.9282 Benzaldehyde 2.1 3.7 49
16.3819 2,6-dimethoxy-4-(2-propenyl)- - 15 1.3
16.7529 Ethanone - 1.6 2.0
17.1524 1-Butanone 3.1 55 7.2
24.2175 1H-Indole 29 1.5 1.6
Fig. 613 Table 16& FA7]E 80T 9 FALE XA FAAZS dglste] LiBr 2o
FHE AV Rel W GOMSZEETAY AZH ARES ey otk dEE AR
< 2,6—-dimethoxy-, Vanillin, Benzoic acid, 2-methoxy—4-(1-propenyl)—,
beta.-D-Glucopyranose,  Butylated  Hydroxytoluene, Ethanone, Benzeneacetic acid,
1,2,3,4-Cyclopentanetetrol, Octyl-.beta - D-glucopyranoside, 2,3,5,6— Tetrafluoroanisole,
2,6-dimethoxy-4-(2-propenyl)-,  4-Propyl-1,1’'-  diphenyl, = Benzeneacetic acid, 26—
dimethoxy—-4-(2-propenyl)-, Benzaldehyde, 1-Butanone, 3,5~

Dimethoxy-4-hydroxyphenylacetic acid, 2-Hydroxy—3,4-dimethoxy—-alpha-(p-methoxyphenyl),
acetophenone, 3,5-Dimethoxy-4-hydroxycinnam aldehyde, 5-methyl-2-phenyl-%= 2}o] % it}
I % 2hrest Fd3 A|gdA AHA = HFo] =2 12.033% I A2 26-dimethoxy-,
13.3232+% 3] =A9] Benzoic acid, 14.3372% 3] 29| Ethaone 2 FAAIZbo] S7He 45 A4
St Aoz yerwtth a8y 159283% 339 Benzaldehyde, 17,1566% 3] =9
3,5-Dimethoxy-4-hydroxyphenylacetic acid %<2 FAA|Fo] FZ71E 43S A6t H] 5]

F7hahach
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Fig. 61. GC/MS chromatogram of the absorbed compounds of LiBr gel at different
smoking in 0C smoker. Number refer to the compounds identified in Table 16.

- 151 -



Table 16. Smoke compound in adsorbed by the LiBr gel after smoking at 80

rt Smoked time
(min.) Compound (relative areas)
2hr 4hr 6hr
12.033 2,6-dimethoxy— 13.1 115 7.0
12.7091 Vanillin - 2.0 1.7
13.3232 Benzoic acid 179 14.0 9.6
13.3809 2-methoxy—4-(1-propenyl) - 44 39 2.5
13.6694 beta.-D-Glucopyranose - - 1.2
13.8549 Ethanone - 14 1.2
14.193 Butylated Hydroxytoluene 4.5 19 0.9
14.3372 Ethanone 13.9 11.6 85
14.4115 Benzeneacetic acid 2.0 2.7 2.5
14.4568 1,2,3,4-Cyclopentanetetrol - 2.2 -
14.4609 Octyl-.beta.-D-glucopyranoside - - 34
14.8112 2,3,5,6—Tetrafluoroanisole 55 45 45
15.2605 2,6—dimethoxy-4-(2-propenyl)— 6.8 6.7 59
15.343 4-Propyl-1,1"-diphenyl 41 3.9 3.3
15.7881 Benzeneacetic acid - - 1.0
15.8294 2,6—dimethoxy—-4-(2-propenyl)— - 1.1 1.8
15.9283 Benzaldehyde 7.0 8.6 10.8
16.3817 2,6-dimethoxy-4-(2-propenyl)— 1.8 2.0 4.7
16.7527 Ethanone 4.3 49 7.1
17.1526 1-Butanone 11.1 - -
17.1566 3,5-Dimethoxy-4-hydroxyphenylacetic acid - 12.2 14.7
177254 g(—:gggﬁce)ﬁgag/l—dimethoxy—alpha— (p~methoxyphenyl) B 12 24
19.2959 3,5-Dimethoxy-4-hydroxycinnamaldehyde - - 1.5
24.2175 5-methyl-2-phenyl- 3.6 1.8 3.7

Fig. 623 Table 172 ¥d715 110T9 A= oA FAAE @fste] LiBr 29
FAE ATl W GOMSARETR Y dEd dies HEd Aot ded A7

o

=< 2,6-dimethoxy-, 2H-Pyran-2-one, 2-methoxy-4-(1-propenyl)-, D-Allose, Butylated

I

I

Hydroxytoluene, 5-tert-Butylpyrogallol, Guanidine, Lactose, 2,6-dimethoxy-4-(2-propenyl)-,
2,4-Hexadienedioic acid, Cedrol, Benzaldehyde, 2,6—dimethoxy—-4-(2-propenyl)—,
N-Benzyl-1H-benzimidazole, Ethanone, 3,5-Dimethoxy-4-hydroxyphenylacetic acid,
Aspidinol, 3,5-Dimethoxy-4-hydroxycinnamaldehyde, 1,2-Benzenedicarboxylic acid,
Methadone N-oxide® 1=t 2hredt FAA Algol QoA =& HTS 2AAT
12.0331% ¥ =9 26-dimethoxy- A&, 13.3233 2H-Pyran-2-one’d &S T dA| ko] ZF71e<

= gasts Ao ey

H
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Fig. 62. GC/MS chromatogram of the absorbed compounds of LiBr gel at different
smoking in 110C smoker. Number refer to the compounds identified in Table 17.
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Table 17. Smoke compound in adsorbed by the LiBr gel after smoking

at 110C

Smoked time

(rfntn) Compound (relative areas)

2hr 4hr 6hr
12.0331 2,6—dimethoxy— 14.7 59 8.8
13.3233 2H-Pyran—-2-one 139 77 5.7
13.381 2-methoxy-4-(1-propenyl)- 5.6 - -
13.649 D-Allose - 6.4 4.7
14.193 Butylated Hydroxytoluene 8.7 10.0 4.0
14.3372 5-tert-Butylpyrogallol 9.9 6.1 7.8
14.4528 Guanidine - 9.9 -
14.4568 Lactose - - 7.4
15.2606 2,6-dimethoxy-4-(2-propenyl)— 55 39 4.4
15.343 2,4-Hexadienedioic acid 35 - 3.2
15.3966 | Cedrol - - 2.8
15.9283 Benzaldehyde 9.1 7.9 8.2
16.3818 2,6—dimethoxy-4-(2-propenyl)- - 3.9 2.7
16.6457 N-Benzyl-1H-benzimidazole - 116 -
16.7527 Ethanone 6.8 - 6.9
17.1526 3,5-Dimethoxy-4-hydroxyphenylacetic acid 12.5 13.7 12.2
17.7255 Aspidinol - - 3.9
19.296 3,5-Dimethoxy-4-hydroxycinnamaldehyde - 5.6 3.6
24.131 1,2-Benzenedicarboxylic acid - - 6.0
24.2176 Methadone N-oxide 9.7 9.3 55

Fig. 637 Table 182 FA7|E 140T9 A== x4
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Fig. 63. GC/MS chromatogram of the absorbed compounds of LiBr gel at different
smoking in 140C smoker. Number refer to the compounds identified in Table 18.

Table 18. Smoke compound in adsorbed by the LiBr gel after smoking at 140C

rt Smoked time
(i) Compound (relative areas)
2hr 4hr 6hr
14.193 Butylated Hydroxytoluene 176 31.0 -
17.1567 3,5-Dimethoxy-4-hydroxyphenylacetic acid 11.1 7.0 -
24.131 1,2-Benzenedicarboxylic acid 42.0 42.7 68.8-
24.2176 Methadone N-oxide 29.3 19.3 31.2

Fig. 649} Table 195 Fd712 50CY FALE AN FAALTS D ste] LiOH/Urea
Ao F2d dA7]diel tigk GCO/MSArtEIHI HEE HAEES UHEHd Zlojt HE4
AEES 2-Furancarboxaldehyde, 1,2-Benzenediol, 4-ethyl-2-methoxy—,
(Butylamino)acetonitrile, 2-Methoxy—- 4-vinylphenol, 26-dimethoxy-, FEugenol, Vanillin,
Benzoic  acid, 2-methoxy-4-(1-propenyl)-,  Ethanone, Butylated  Hydroxytoluene,
5-tert—Butylpyrogallol, Benzene, Benzeneacetic acid, Butanoic acid, 2,3,5,6-Tetrafluoroanisole,
2,6-dimethoxy-4-(2-propenyl)-,  4-Propyl-1,1'-diphenyl, = Acetic  acid, Benzaldehyde,
2,6-dimethoxy—-4-(2-propenyl) -, Desaspidinol, 2-Pentanone, 1,4-Benzodioxin,
3,5-Dimethoxy-4-hydroxycinnamaldehyde, Methadone N-oxide,
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Fig. 64. GC/MS chromatogram of the absorbed compounds of LiOH/Urea gel at different
smoking in 50C smoker. Number refer to the compounds identified in Table 19.

Table 19. Smoke compound in adsorbed by the LiOH/Urea gel after smoking at 50C

it Smoked time

(m.ir.l.) Compound (relative areas)
Z2hr 4hr 6hr
10.1452 2-Furancarboxaldehyde - 1.7 1.8
10.7223 1,2-Benzenediol - - 14
11.0025 4-ethyl-2-methoxy— 3.0 1.6 15
11.2622 (Butylamino)acetonitrile 15 15
11.5178 2-Methoxy-4-vinylphenol 2.1 1.3 14
12.0372 2,6-dimethoxy— 21.2 14.7 12.9
12.1402 Eugenol 14 1.3
12.7091 Vanillin 3.1 3.1 24
12.8327 2-methoxy—4-(1-propenyl)- 15 0.9 0.7
13.3273 Benzoic acid 21.6 19.3 16.8
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13.3809 2-methoxy—4-(1-propenyl)- 6.9 5.3 4.7
13.855 Ethanone 1.0 1.2 1.2
14.193 Butylated Hydroxytoluene 1.0 0.7 0.6
14.3372 5-tert-Butylpyrogallol 119 125 -

14.3414 Benzene - - 12.1
14.4114 Benzeneacetic acid 2.2 2.8 2.1
14.4609 Butanoic acid - - 1.0
14.8112 2,3,5,6—Tetrafluoroanisole 41 5.7 5.6
15.2606 2,6—dimethoxy—4-(2-propenyl)— 4.5 55 55
15.3389 4-Propyl-1,1"-diphenyl 2.5 3.2 3.1
15.7923 Acetic acid - - 0.5
15.8294 2,6-dimethoxy-4-(2-propenyl)— 1.6 1.7
15.9283 Benzaldehyde 2.7 3.9 44
16.3817 2,6—-dimethoxy-4-(2-propenyl)- 19 4.2 3.8
16.7527 Ethanone 2.1 2.2
17.1525 Desaspidinol 34 - -

17.1567 2-Pentanone - 5.0 6.3
17.7296 1,4-Benzodioxin - - 0.6
19.296 3,5-Dimethoxy-4-hydroxycinnamaldehyde - - 0.9
24.2176 Methadone N-oxide - - 1.1
24.2176 (2,3-Diphenylcyclopropyl)methyl phenyl sulfoxide 3.2 - -

24.2177 1-Propene - 15 -

Fig. 663} Table 202 E7]5 80T A% ZHAA TAAS &5 LiOH/Urea
Ao FxE A7|AE et GC/MSAErtE2Y AEHE AEES UeEd Aotk AHE%
A E =2 2-Furancarboxaldehyde, 4-ethyl-2-methoxy-, 2-Propenoic acid, 2,6-dimethoxy-,

Benzaldehyde, Benzoic acid, 2-methoxy-4-(1-propenyl)-, Ethanone, Butylated
Hydroxytoluene, Benzene, Benzene acetic acid, Guanidine, 1,2,3,4-Cyclopentanetetrol,
2,3,5,6-Tetrafluoroanisole, 2,6—dimethoxy-4-(2- propenyl)—, 4-Propyl-1,1"-diphenyl,
2,4, 4-Trimethyl-3-(3-methylbutyl)cyclohex—-2-enone, Ethanone,
3,5-Dimethoxy—-4-hydroxyphenylacetic acid, Propanoic acid,
8-Methoxy—-[1,2,4]triazolo[4,3-alpyridine -3-thiol, 5-Amino-6,3-dimethoxyquinoline,

Hexadecanoic acid, 3,5-Dimethoxy—-4-hydroxycinnam aldehyde, Behenic alcohol, Methadone
N-oxide, (2,3-Diphenylcyclopropyl)methyl phenyl sulfoxide, Methadone N-oxideZ 2}21% %1
. HEY AE T =2 HFsE AAsa A+ retention time 1203317 I A9
2,6-dimethoxy-A] ¥, 13.3274% 3] =22] benzoic acid A&, 14.3373% 3] =2 9] benzeneA ¥+ &
Ar7ro] FIEEE TAadt= oz yERYTE 18y retention time 16.3818% 3] =9
2,6-dimethoxy-4-(2-propenyl)-4J & 1} 17.1567% 3] A 9
3,5-Dimethoxy-4-hydroxyphenylacetic acid#& FAA|7to] 7145 Fr7lste Aoz U

Bk
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Fig. 65. GC/MS chromatogram of the absorbed compounds of LiOH/Urea gel at different
smoking in 80C smoker. Number refer to the compounds identified in Table 20.

Table 20. Smoke compound in adsorbed by the LiOH/Urea gel after smoking at 80C

it Smoked time

(i) Compound (relative areas)
Zhr 4hr 6hr

10.1451 2-Furancarboxaldehyde 1.3
11.0025 4-ethyl-2-methoxy— 1.0 1.0
11.2581 2-Propenoic acid 14 1.1
12.0331 2,6—dimethoxy— 14.0 85 7.4
12.7091 Benzaldehyde 2.0 2.0 1.3
13.3274 Benzoic acid 20.0 119 10.7
13.381 2-methoxy—4-(1-propenyl)- 4.8 3.4 3.2
13.855 Ethanone 1.3 1.2 1.0
14.193 Butylated Hydroxytoluene 1.1 1.4 0.8
14.3373 Benzene 14.0 104 9.5
14.4115 Benzeneacetic acid 2.0 2.5 2.2
14.4608 Guanidine - 1.8 -
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14.4651 1,2,3,4-Cyclopentanetetrol - - 2.2
14.8113 2,3,5,6-Tetrafluoroanisole 4.7 5.1 4.4
15.2606 2,6—dimethoxy—4-(2-propenyl)- 6.4 6.2 6.2
15.3431 4-Propyl-1,1"-diphenyl 3.6 3.4 3.7
15.7922 2,4,4-Trimethyl-3-(3-methylbutyl)cyclohex—-2-enone - 0.8 0.8
15.8294 2,6-dimethoxy-4-(2-propenyl)— 2.0 3.0 3.2
15.9284 | Benzaldehyde 4.7 6.3 6.3
16.3818 2,6—-dimethoxy-4-(2-propenyl)- 6.4 124 15.1
16.7527 | Ethanone 3.3 45 5.2
17.1567 3,5-Dimethoxy-4-hydroxyphenylacetic acid 6.7 7.6 8.3
17.7254 Propanoic acid 0.9 1.2 -

17.7297 8-Methoxy-[1,2,4]triazolo[4,3-alpyridine—3-thiol - - 16
18.0718 5-Amino-6,8-dimethoxyquinoline - - 0.7
18.6695 Hexadecanoic acid - - 0.6
19.2959 3,5-Dimethoxy-4-hydroxycinnamaldehyde - 1.0 1.2
21.1674 Behenic alcohol - - 0.4
24.2175 Methadone N-oxide - 14 -

24.2176 (2,3-Diphenylcyclopropyl)methyl phenyl sulfoxide, 2.2 - -

24.2177 Methadone N-oxide - - 2.0

Fig. 662 Table 21 ¥<17]1& 110T9 A% A FAAS 28 ste] LiOH/Urea
Aol F2td AV Eel W GC/MSAZvEEIY HEE Aees U Aot HEd

AEES 2,6-dimethoxy-, 4-Methoxy-2-methyl-1-(methylthio)benzene,
2-methoxy—4-(1-propenyl)-, .beta.-D- Glucopyranose, Ethanone, Butylated Hydroxytoluene,

Hydroquinone mono-trimethylsilyl ether, Benzeneacetic acid, .alpha.~D-Glucopyranoside,

Lactose, 2,3,5,6-Tetrafluoroanisole, (E)-Stilbene 1,2,3,4-Cyclopentanetetrol,
2,6—dimethoxy—4-(2-propenyl)-, 4-Propyl-1,1'-diphenyl, Benzaldehyde, Ethanone,
3,5-Dimethoxy-4-hydroxyphenylacetic acid, Aspidinol, 3,5-Dimethoxy-4-hydroxycinnam
aldehyde, Trichloroacetic acid, 1H-Indole, Methadone N-oxide,
(2,3-Diphenylcyclopropyl)methyl phenyl sulfoxide® Zel&ct. #HE=H AR ZF retention
time 120332+ 3] 7 9] 2,6—dimethoxy-*J &, 13.3232+% 3] 7.9

4-Methoxy-2-methyl-1-(methylthio)benzene = A+,  14.3374% v 9] Hydroquinone

mono-trimethylsilyl ether’d -2 FAI7bo] S5 Aaste Aoz YETh
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(C) 6hr
Fig. 66. GC/MS chromatogram of the absorbed compounds of LiOH/Urea gel at different
smoking in 110'C smoker. Number refer to the compounds identified in Table 21.

Table 21. Smoke compound in adsorbed by the LiOH/Urea gel after smoking at 110C

it Smoked time

(i) Compound (relative areas)
2hr 4hr 6hr
12.0332 2,6-dimethoxy— 8.1 7.0 7.1
13.3232 4-Methoxy—-2-methyl-1-(methylthio)benzene 11.6 9.8 7.6
13.3811 2-methoxy—4-(1-propenyl)- 2.4 2.1 2.5
13.7024 beta.-D-Glucopyranose - - 7.1
13.8551 Ethanone 1.5 - -
14.1931 Butylated Hydroxytoluene 3.2 1.7 1.6
14.3374 Hydroquinone mono-trimethylsilyl ether 10.0 8.3 5.9
14.4156 Benzeneacetic acid 2.4 2.1 1.6
14.4569 alpha.-D-Glucopyranoside 3.7 - -
14.461 Lactose - 5.6 7.0
14.8113 2,3,5,6-Tetrafluoroanisole 3.0 3.1 -
14.8153 (E)-Stilbene - - 3.0
15.0792 1,2,3,4-Cyclopentanetetrol - - 2.0
15.2607 2,6—dimethoxy—-4-(2-propenyl)- 6.6 5.7 4.1
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15.3431 4-Propyl-1,1"-diphenyl 3.7 3.3 2.2
15.8295 2,6—dimethoxy-4-(2-propenyl)— 2.1 2.3 2.2
15.9284 Benzaldehyde 8.1 8.8 6.9
16.3819 2,6-dimethoxy-4-(2-propenyl)— 7.7 9.0 89
16.7528 Ethanone 6.4 79 74
17.1568 3,5-Dimethoxy-4-hydroxyphenylacetic acid 10.9 13.0 11.1
17.7256 Aspidinol 2.4 3.4 2.8
19.2961 3,5-Dimethoxy-4-hydroxycinnamaldehyde 2.0 3.2 4.6
21.1673 Trichloroacetic acid - - 1.0
24.2175 1H-Indole - - 3.6
24.2177 Methadone N-oxide 44 - -
24.2177 (2,3-Diphenylcyclopropyl)methyl phenyl sulfoxide, - 39 -

r2

Fig. 67¢} Table 22+ &17]& 140TC9 TAE oA A +s Eelste] LiOH/Urea
Ao Fzd A7 s GC/MSAZvEIRY HE% =& Ued Aotk HE4
AE =L 26-dimethoxy—-, 3-Hydroxy-4-methoxybenzoic acid, 2-methoxy-4-(1-propenyl)-,

oX, E‘-[Oi'

M

Butylated Hydroxy toluene, Benzene, alpha.-D—-Glucopyranoside,
2,6—dimethoxy-4-(2-propenyl)—, Benzaldehyde, Ethanone,
3,5-Dimethoxy—-4-hydroxyphenylacetic acid, Aspidinol, 3,5-Dimethoxy-4-hydroxycinnam
aldehyde, 1,2-Benzenedicarboxylic acid, 5-Methyl-2-phenylindolizine® 221 % 3ith. 2 Z 7
A HAE" AR FoA retention time 12.033% I =] 26-dimethoxy-Ad &2 2, 4, 6A]7F2]
A 2AAA BF UA & BT AASAT T3 2A7F FAX A= retention time
17.1526% ¥ =9  35-Dimethoxy-4-hydroxyphenylacetic — acidd &, 2421758 ¥=9
5-Methyl-2-phenylindolizine “d&¢] HlZ o] =A WElSaL, 4, 6417 A 7oA 241318
¥ =39] 1,2-Benzenedicarboxylic acid’d ¥¢] H|Fo] =4 et
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(C) 6hr
Fig. 67. GC/MS chromatogram of the absorbed compounds of LiOH/Urea gel at different
smoking in 140C smoker. Number refer to the compounds identified in Table 22.

Table 22. Smoke compound in adsorbed by the LiOH/Urea gel after smoking at 140C

rt Smoked time

(min.) Compound (relative areas)
2hr 4hr 6hr
12.033 2,6—dimethoxy - 11.2 14.1 10.6
13.3231 3-Hydroxy-4-methoxybenzoic acid 6.5 9.3 7.7
13.3808 2-methoxy—4-(1-propenyl)- - 5.4 3.8
14.193 Butylated Hydroxytoluene 5.6 3.7 4.0
14.3372 Benzene 6.4 55 51
14.4567 .alpha.-D-Glucopyranoside 9.3 8.6 9.3
15.2605 2,6-dimethoxy-4-(2-propenyl)- 3.7 - 2.7
15.9284 Benzaldehyde 9.0 74 6.0
16.3817 2,6—dimethoxy—-4-(2-propenyl)- 3.8 - 3.8
16.7527 Ethanone 9.4 7.7 7.3
17.1526 3,5-Dimethoxy-4-hydroxyphenylacetic acid 10.8 6.8 8.2
17.7255 Aspidinol 5.1 3.8 39
19.2959 3,5-Dimethoxy-4-hydroxycinnamaldehyde - - 3.6
24.131 1,2-Benzenedicarboxylic acid 8.1 16.2 14.3
24.2175 5-Methyl-2-phenylindolizine 10.5 115 9.3
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