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Physicochemical Characteristics of Bamboo Smoke Distillates Processed
by Mechanical Steel Kiln and Traditional Earth Kiln

Fan-Zhu Lee and Jong-Bang Eun'

Dept. of Food Science and Technology and Biotechnology Research Institute,
Chonnam National University, Gwangju 500-757, Korea

Abstract

Fresh bamboo (Phyllostachys bambuoides sieb. et zucc.) was charred at the mechanical steel kiln and traditional
earth kiln with subsequent condensation of its smoke to 100°C. It was settled down for 12 months to remove tar
components and then the middle layer of the liquid was collected as a bamboo smoke distillates to analyze its
chemical composition and physicochemical characteristics for use as food additives or processing aids. The gravity,
transmittance, reflectivity, and viscosity were 1.008, 89.05%, 1.36%, and 12.48 cp in the bamboo smoke distillates
processed by mechanical steel kiln (MBSD) and 1.012, 98.33%, 1.34% and 9.09 cp in the bamboo smoke distillates
by traditional earth kiln (TBSD), respectively. The color of TSBD was brighter than that of MBSD. The pH and
titratable acidity, tar and remains were 3.55 and 2.830%, 2.803% and 0.671%, respectively, in the MBSD and 2.93
and 3.470%, 0.051% and 0.004%, respectively, in the TBSD. The major phenolic compounds of bamboo smoke
distillates (BSD) were phenol, o—cresol, p—cresol, and guaiacol and the major organic acids were acetic acid,
propionic acid, iso-butyric acid, and n-butyric acid, and major alcohols were methanol, furfuryl alcohol, and maltol.
The contents of phenolic compound and alcohol were more in MBSD than in TBSD whereas the content of organic
acid was more in TBSD than in MBSD. Therefore, toxic compounds for the human body, such as methanol from
BSD should be removed for use as a food ingredient in the future.
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Z )l REf-3hAY A= dnb
ExH)9 &2 /M2 xe) 7tdn &
off Jsle] H-L-F B2 o]of ME L F2 W 547} 58HA
245 N2 Zol7} & Ao E A" 2=y Z1AH
2 AR o2 Axd FxAe] BT 2R A
g A= obA7HA] AlgE ] A )

¢, BxH o FHAAES AALs FAYE A
Z3ty, B E FANL A2 A7 B3lrAE o
7T, 2 APEUS 5 89§ 18] o] 83t
o]} ofwle]7} o] vebEell A= hickory(Carya spp. )& %
o] AH8-3} 3 QUTHE). T A = A5 ’hEske] A 27

Ex S o] 83l FANL Azt o} A Ak
of 0]4-3lx it} FrAol BN E FAYE %Y, =
A2 Sol o]g3lar Irhe). FA Y FHET o] 3
Abztatgo] gle] Ao = HAFoll Hrrete HAF4
At E 9k R|sk QIeh(7).

o822 el gAY JEQ duhFE 0] 43
o Fx oz e QAFAH S AH QAE FEH Az A}
718} & AHgo] ZldE B g B AT 7AA] 32
o} A &2 3 EE o]l f3le] A2 Fx ] dutE
A3 sl AL A2 ua BAge g A2 o Wy
o &3l AzH Fxde B AHRT AFHIEERE
9] o] 4 7teAS A

uid), & F2H (== &

Hoez Fad(xe 5

Az KUy

Az oA

E A ANA o] 8 F2 A2 HA A F| FE Y (Phyl-
lostachys bambuoides sieb. et zucc)E A2 B8 (g3l
X 600~800°C)¢} 71 A4 &3 2(1000~1200°C) & ©]-8-5}d
B3}A| A “‘“Eff}—‘: A7]1E 100°C A Fell A YA A A 3}
At o] Fx Fep g Fof| ghol Wy-aled ghazelA] 12
NY 7é2]5}°4 E}E F AT SR B2 AL F
3}ed o] 2}(Whatman No. 6) 2 | 2}3}of o] 43} 91 oH(Fig. 1).

Aol A3 A FEL BF 5F =& AFE AHEE)
9329 chromatogramell i3 2+ A #2] H A2 SigmaAl,
AldrichA}, MerckAboll A Zb2t 3588 19181 A3t ok

Zx ol 2|8 54 =A
] 2L 25 mLe FFFAE ALl 15+1°CY) 32
43 (WB-20E, Jeio Tech, Korea)oll A &3 3t}
A % & A2 (CM-3500d, Minolta Co., Ltd., Japan)& A}
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Refined bamboo smoke distillates

Fig. 1. Schematic diagram for processing bamboo smoke dis-
tillates.

43l L(HE), a4 5), b(FA2)E A9 ed 5
3 A9 YggoE vebich

X3} % = spectrophotometer(CM-3500d, Minolta Co., Ltd.,
Japan)E o]£3te] 690 nmolA FHEE A8t

Z4-&& digital thermometer(Atago 1T, Japan)& ©]-4
3ted 20°Cell Al FA st

Ax = AT ARVDV-II+ Brookfild Engineering Labo-
ratories Inc., USA)E ©]&-3o] 20°Coll M &4 8}9].2 53]
HhE 23 A9 PFS A

FXHo| 55 S F4

pH+E pH meter{ VWR 8000, Orion research Inc., USA)E
o185l 2SR

ZALRHEES F 59 1 mLE 100v) 2 34 8}o] o=
ol A Ak 1~28F2-& Fo] =] 0.1 N NaOH&- o2 A
Asled F34-& Faiglon 24te g kst velliict

$9 oh2 42 24E AN T2 50 mLE 3
A Alell @3 105°C9) dry ovenoll A 71 - A (FEENAA 4
L ARAANG BAAY o2 Do} F 2 izt T3
&2 Je I8 .

ztA 2N EBEEE) S A4S Y8l F29 500 mLE %
M Ao Y1 7hanA R 2 vkl 2 A AA ol A
2 ~ 50 LS G Dol FxA g F
FHAER el A cH89).

Fxolo] si3ts xY B4

Zx49) 27| A& ke A RS o A (Whatman No. 2)
2 o} 2hgt F 20 mL Aske] 413 H A 100 mLE H 4T
t}-& Ultrasonic Nebulizer(Model U-5000AT+ USA)& A}
4-3led Zebxmtoll =914t o] W 717} RF Source 1.35
MHz, 35 W, Sample Uptake Rate 2.5 mL/min, Carrier Gas
Flow 0.7 L/mim, Desolvation Heating Temperature 140°C
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2 Desolvation Cooling TemperatureE 5°C2 23}l o},
t}-&- ICP-AES(Inductively Coupled Plasma-Stomic Emis-
sion Spectroscopy, Jovin Yvon 138 Ultrace, France) 2 ¥4t
271489l Zn, Cu, Fe, Mn, Mg, Ca, Na, K, P, Si, Al 53
24:-¢] Cd, Cr, Hg, Pb, Se, Sn $-& A #3lad on, o] uj &
A} 27 & Sequential monochrochromator(Grating) 2,400
grooves/mm, Power 1,000 W, RF generator 40.68 MHz, Plas-
ma gas flow(P1) 12 L/min, Sheath gas flow(G1) 0.3 L/min
= Measure Mode¥ 4 Mode(3 Point) 2 Z2+3}9ith.

Z 299 HEA FAL SPE(solid phase extraction) tube
(Supelclean ENVI-Chrom P, 0.25 g packed) & ©]-4-3}4] 3|
A AES 32 g B’ 3 GC(DS 6200, Donam Instru-
ments Inc., Korea) & ©]-§-8}o] #4519 ¢}(10). A tubeE
visiprep manifoldsell %3 o1& 7FE2]#]9] conditioning
£ 93] Z+zt 6 mL methyl t-butyl ether, 6 mL methanol
4 6 mL deionized water® £A-H 22 £ 0w ohg 100
mL2] %‘*i"—‘l-"* 4 mL/min®] $£%2 tubedl] E3c} 2 oL
tube® A FH =2 Flsld A 1087 A2 2 E A A3
v} AETAEE 117 tubedl] 2 mL methyl t-butyl etherd #
7}sted tubed] A Aol FiE HlEA BAS 4 A
o] Wl A 2 mLe methyl t-butyl ether® ®FE-3}¢]

ZZa1g]on &9 5mLy $3 ol A St o] AL
0.45 1m®} membrane filter & ¢} 3-38}o] GC #4 ol o]-4-3}%
t} GC 4ol HP+50 30 mx0.53 mm ID, 0.5 pm film9]
capillary column< AH8-8}91 2. carrier®] <%~ 1 mL/ min
olglon & g 7L 65°CellA4] 5°C/min?| Bl&-2 185°C
742 A7) o 187 F-2) stelrt 275°C7HA] 10°C/min
o g2 £247 o 1082 f2 3kt FID A 271 &
Apgstdon 2xE 300°CE st Fd79 =5
300°CE. dtel 2w Al 8x 1 ul 43k splitless(45 sec hold)
st o).

Zxq2 f7]4F 242 A BE 0.45 im membrane filter
2 o] 3}g) t}-& HPLC(HP-1100, Hewlett Packard Inc. Co.,
USA)E °]-4-3t4 #4138+91vh11). Detector= DAD detector
E AF4-314l 2 210 nmeh A A&l Columne Merck
Polyspher OA KCZ AF-43}51 2 column & %+& 50°CE 3t
o] 42 04 ml/minl 2 dgor F-EA2 0.060 M
HS04% o] &3k c)

Fxe) ¢FLAHFL A8 20 mLe ACACH (12)9l] =
2} g o] 24 200 mLE bsta 5712 SR 27] FF
o 20 mLE e} GC(DS 6200 DOMAN Inc., Korea)E ] &
3] BA3bedc). o] uf 22l L Carbowax 20 m X 2 mm(ID),
0.25 pm film< AF4-3}9 7 detector+ FID©1$1 2™ carrier
gasZ AAEF 20 mL/minl- & £} A} Oven 2% T2
% 70°C(hold 1 min)-5°C/min-180°C(hold 5 min)e]
912 injector} detector®] %+ Z+tzF 195°CS} 200°C ©]
st

A 747+2] Chromatogramel] Wigh 7+ A2 A2
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Data 2|
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ZH 2z Vel

Rt

3‘2}*17& o A A7NEFFE

3 ‘ﬂ Zr A1 A *ﬂﬂt—ﬁ%*—ﬂﬁl A A olct F2N 9 &
e Ao} 27, Al g, vl ofste] ok
o) 7} glck. 71 A4l &3t 2o) ofste] A FZ2H(0]3}
“IAA Zz”o 2 %7])9 v]FE 15°CollA 1.008, ¥
£-2 690 nmol A 89.05%, 4 &2 125°CoAl A 1.36%, =
= 20°Coll A 12.48 cpel o1t A2 E g ol o] 5to] A4k
Zzd(o]3} “AYA FxY e 7)) 2L FH =22
shell A 242 1.012, 98.33%, 1.34%, 9.09 cp S e ScHTa-
ble 1). =3}go) 23 FAHEo) I3 H X7}t ke A2 A
Ao @ o] Aol o] §fEl 9l&S ougth F, 7|Al
A Z2zNd 9lolA] A B2 Fuke] Al FE2He ¥
3tod wohs AL 2 vl dhet. o123 @A Hunter 4 24A o)l
©]g L, a, b gtell gt E GA & 5 slek 71 AA S22
A L(HE), a(AAR), b(ZFYx)Ftel 77+ 13.25, -0.37,
041219 Bl A2 FZ8-& 7+7} 39.59, 22.859 66.382
® 7| AA] ZxA o] Aol AAH R o F-g FAE e}
Uiglsd ol 2 §ea @#dle] gl e A4=Ed.

A
(=)
Z4be] g3 pHE F2A(eE F29)9 5447
= ° 9]}

Hob Sd(at 32l

n\m o3l

) ) 2elolnl Aol 2el e
& Aiote TaL AR s

0] 43} Hwang S(1)& EAgrglelo] Atxe] 7 5ol
gy 3 AT BAE 2 *‘54'7 stgdch B A=
% 7} 9 whspab oll 9% pH} A= M Z o] Rl

o 7] A4 2] 75 HS’Jr FAbgheko) 247k 3.55, 2.83%

Table 1. Physical properties of bamboo smoke distillates

Mechanical Conventional

type type
Specific gravity (at 15°C) 1.008+0.17 1.012£0.20
Transmittance (at 690 nm, %) 89.05+0.01 98.33%0.02
Refractive index (at 12.5°C, %) 1.35720.01 1.34%0.00
Viscosity (at 20°C, cp) 12.48+0.07 9.09%0.10
L 13251005 39.59+0.07
Hunter color value a -0.37£0.03 22.85*0.03
b 0.41%£0.02 66.38+t0.02
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o]glen] o]l ANAA FxN 2,93, 3.47%l B8l F&
A A ch(Table 2). 4-3let2 e} 7tz e Sx 0 4
< 9t 5 ole = ] Fad Al Ze|) Ak ez
Lafet 2o} st abate] e whal ez ol WA BAZ 2
2 9lvh Hwang 5(1)& 32 25 J& 7l n] gl &
©@3lo o o] o mela Sael2e Fegs Hriw
stoich & AP eA 7)1 A4 2 A9 Laef2 o) 2t aba}
= 247F 28037 067101 e ¥ F, £0E, A4S, AE,
A G5} 7o) A 4] F2 o u]ste] L xS bl
% H(Table 2).

ol Aol A Fx o] YUEA-Z Ao 9l F2
Ho] FAL AAsle AT G837 e AEC]H(56)
ZIAA F24-L A A FxY | v st v]Fo] Fa A2
ol Aow Atwrl gy L-3et 2o} 2t A} o] -5
o] glem® A FxHd vlste] 1 FAo] W& &
T Aol 2222 P93 HAF AA o] o] Foixoput
g28 AASL 42-& g & 5 & Aoz Y7Ee
2}

Sxolel 2IIME B
AANZ ARY FxAe) Fo14% 24 A5t BF 7,

Mn, Mg, Cu, Ca, Fe, P, Si, Al, Na, K 5°l A&52H
o] £9] greke 7z} 245, 0.09, 1.33, 0.23, 22.75, 47.05, 0.43,
7.65, 6.38, 5.62, 4.90 ppm<} 1.30, 0.58, 0.18, v1=, 10.7, 62.1,
0.33, 0.96, 0.53, 1.22, 6.04 ppme] A ch. 22} 2F4 Cd,
Cr, Hg, Pb, Se, Sn 52 F 7HA] S&x9¢] 2 5% FHEHA
dskeh F 7kA Sx Yo FEo vy B-& 22 Ca,
Fe, K 5-°] 3 Si, Al, Na 5-& 7] A2} o] A2 2] 5} @4 o)
FrEo et o) = '3l xe} Falo] ol Aeg 47
g} Ikesima(13)w SHv}-5-2] 3]0 4 Mn, Mg, Ca, Fe,
Si, Na, K 59 gako] 717} 0.60, 1.48, 1.38, 1.38, 22.90, 0.34,
14.10%%5 viebli o] F4-9} Z2-5-9] ko] 53] Briw 34
= Au-9] g8 ol A28 YAAA L4 Fx
Hol = A Ku} Siv} o} & F7]Ad #oll u]sf Flo] @o)
gH=lo] 9lglr} 28] 32 Table 394 e ufe} 7o) i)
Al Fxoo] $7)3 ek 71 AA F2 o v]sle] P
L2 vha g A E e} o]l & FA & w3k 7=
2=} 71 v gol 97 o] wjFoz Y4H

Sz ul=d slEtE o
=x

Table 2. Chemical properties of bamboo smoke distillates

Z
F

Table 3. The content of minerals in bamboo smoke distil-

Mechanical Conventional
type type
pH 355 £0.09 2.93 £0.09
Acidity (%) 2.83 *£0.36 347 £0.11
Solution tar (%) 2.803+0.29 0.051+0.01
Scorched remains (%) 0.671*+0.04 0.004%0.01

lates (unit: ppm)

Elements Mechanical type Conventional type
7n 245%20.09 1.30+0.01
Mn 0.09%0.01 058%£0.01
Mg 1.33£0.07 0.18£0.01
Cu 0.23£0.02 0.00£0.00
Ca 22.75x0.11 107 £0.18
Fe 47.05%0.29 62.1 *+0.37

P 0.43%+0.03 0.33+0.01

Si 7.65%0.11 0.96+0.02

Al 6.38+0.47 0.53%0.01
Na 5.627*0.03 1.22%0.08

K 490+0.13 6.041+0.61
cd N.D.Y N.D.

Cr ND. N.D.

Hg N.D. N.D.

Pb N.D. N.D.

Se N.D. N.D.

Sn N.D. N.D.

UNot Detected.

Extraction(SPE)& A A 3191 2.7 & E-< methyl t-buthyl
etherol] €8 AlA GC &4 AIRE stgich 71 A4 2]l 4]
2] ¢ FxH A F2.3 HEA 33HEZ phenol, o-cresol,
p{m)-cresol, guaiacol(2-methoxy phenol) 5] Z+z} &3l
Holom o] &2 jhake 71 AN 8 A ¢ 742} 25.371, 60.982,
17.767, 16.076 ppmet AW A2 7-¢- 242+ 23371, 48.112,
13.488, 16510 ppm °| o= AW A SxH 9| =4 313
E9 §ko] 27 A A vebdeh(Table 4). Mun 5-(14)-2 t}
oA 3 Ak zE 525 VA A dgastE, Rt el
Trol A3t 2 & o] 43t WEFH QAo F2AE Axsa
I AAEES ¥4I Yatagal 5152 AF, AT,

5, AT 5 B2 2444 Eel d st
BAsg =Y 4 AR5 A B AYAT e} vty
o} 7t A BES] FaFol vk Abe] & B vh Hwang 5(1)
< BAG e Y4 ES FAe 72 4482 cellulose, hem-
icellulose, lignin®] G &31-% A A4 == phenold #5-2
F 2 lignine] d& =] AT &2 550 uet 2
A Wgckz st 2 Yol = gl FFE v = ARLE
2E 7du) S, i EY AFAIZE 7hE A yex 9 gF
Holgly A Astgict 28l ng B Ay 432 & A7
9 974 e} vind o 93 phenold 3HFEE2 A

22AEE A0 ulseht 2 Gl ha Aolr} sl

Table 4. The contents of major phenolic compounds in bam-

boo smoke distillates (unit: ppm)
Mechanical  Conventional
Components
type type
Phenol 25.371%0.148 23.371=0.275
o-Cresol 60.982£0.782 48112=1.672

p (m)-Cresol 17.767+0.252 13.4880.539
Guaiacol (2-Methoxy phenol) 16.076+0.063 16.510=0.314
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EXWo| UL et

Hwang 5Dl &f3hd, U459 A7t 8.8 A& cel-
lulose, hemicellulose, ligninFEel| A cellulosex 300°C ¢] 3}l
Me FgEY Bxlsko] ZasE s FEo] AAEY dAiks
B0} o] Abs} ek A o] ulEo] o] Fof x| 1 300°C o] Aol A
23 & doH B8} acetic acid, formic acid, 22} fur-
fural %A, 7124 AAlEE5¢] 34 "o} Hemicellulose=
Aol 71 w17kl 200~260°Ce] = fl oA H3)= o
acetic acid, formic acid, 28] 2 A %9 furfural -F=A5
A A7l Lignind 280~500°C Abe]eflA] d&-al& doA
2k 20%9] AAF AFEH 15%9] = AFES A=
o] HAF AFE-L FE methanol, acetic acid, acetone™} B2
o] Fo1x 9l etZ AH{F-E-S F=Z phenol, guaiacol, 2,6-
dimethoxyphenol 5-2] &4 #54 BFEEE o] FA 3l
th & ATl = F 7] diuF gt oA F 8.3 7]
AL 2 acetic acid, propionic acid, iso-butyric acid, n-butyric
acid”} &= 5120 T Fof|A] acetic acid”} 714 Bl A&
= 9l tH(Table 5). 71 Al4] &2 9] 7 ¢ acetic acid, propionic
acid, iso-butyric acid, n-butyric acid®] ¥&aFe] 27} 2.461,
0.139, 0.025 2 0.016%°1 2 A2 F2Ne] 3+ ZH2t
3572,0.347,0.103, 0.022%°]1 5 2.7 A 2] F2Y 2] {714k
o] o] Heol HEF AT o] oA w4 F2qe 4t
E7} 71 A4 ol v 3l o) & Al A g AAE e o]
ot Mun(16)9] R.arel| &3l 7| A A # ] & Zhe] AL
Z Az 29 Fo3 AL v el o) 7+ A
2 ghefo] ol & BT £ AY Al = o] o} f-ALRE
AAE Ik

Zx ool ARZHE EHEt

o] dE AN dFLEAE-LS F2 lignin®] EE
sl A 7]l e}, S GFE 7]A A " A A D3R el A
H3AZ S o FxAe £33 AFEAAFLE 5 methanol
olgde ] 1 9leof A=ke] furfuryl alcohol® maltole] 7 & 5]
%o}, Methanol, furfuryl alcohol 2 maltol®] §Hak-2 7] 4]
F 2Nl A= ZH7F 0.725, 0.027, 0.038% o1 A A Fx
Aol A& ZH7t 0.315, 0.018, 0.014°] XA tH Table 6).

Mun(16)2 SPME® o 2| & W55 Fxie] iy A
BB d3EAE 22 ally alcohold} furfuryl alcohol

Table 5. The contents of major organic acids in bamboo
smoke distillates (unit: %)’

Components Mechanical type Conventional type
Acetic acid 2.46110.09 3.572x0.07
Propionic acid 0.139%£0.03 0.347*0.03
iso-Butyric acid 0.025+0.01 0.10310.01
n-Butyric acid 0.016+0.01 0.022%0.01

UThe contents showed percentage ratio of each component in
bamboo smoke distillates.
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Table 6. The major alcohols in bamboo smoke distillates

(unit: %)Y
Components Mechanical type Conventional type
Methanol 0.725£0.02 0.315%0.03
Furfuryl alcohol 0.027+0.01 0.018%*0.01
Maltol 0.038+0.00 0.014%0.01

YThe contents showed percentage ratio of each component in
bamboo smoke distillates.

& AFspglon 1 Fud 47§71 8 ke 02291 057%
olfitiz syt E ohE ATl A Mun (142 7] A4,
kAl 7rolA] B3t 2oll M AZRAZ FHE o] 83 F2
Mg A zstw 7o) Ex o] LS EHT AR &
FE A B2 8 methanol, furfuryl alcohol, maltol, tetrahy-
drofurfuryl aleohole] A& e 1 a2 7[A A9 A
% z+7+ 590, 1.28, P18k ¥ 1.229%e] 2o A A 6.10,
1.60, 0.25 ¥ 264%°]%1 2w zho[Aldd 75 1.60, 1.50, 0.36
Y 2.47%°| ot stglth o) Abe] AFE ulamste] ¥ <k
AR AL B QT v e Aol T2
FZ9] 2ol e} Az 37 Holo F9-HE Aoz AH
o}, A EFA NN F79 vlgE §&FE 05 mg/mL=E
AR v} 2 BE F 7R A9 F29E A FA7
22 0|4 Ag FHY G@:& I w3t &3t =
At vl gh-go] ohek A=l slo] B3] A AT A A0
wol Asisofol gheiy APzt
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