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Antioxidative Effect of Bamboo Smoke Distillates
in Palm Oil and Lard during Storage

Fan-Zhu Lee', Keun-Hyung Park, and Jong-Bang Eun*
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Department of Food Science and Engineering, Yanbian University, Peoples Repub. China

Effects of bamboo smoke distillates (BSD) in oxidative stability of oil during storage were investigated. BSD at
0.1, 0.5, and 1.0% was added to palm oil and lard, and peroxide, acid, and TBA values were measured during
storage at 60°C for 25 days. Induction periods and relative antioxidant effectiveness (RAE) for the oils were also
investigated. Antioxidative effect increased with increasing concentration of BSD. Oil with 0.1% BSD had higher
antioxidative effect than that with 0.02% BHT and much higher than that with 0.02% o-tocopherol. Induction
periods of lipid oxidation were 34.27 and 25.61 days for palm oil and lard, respectively. In oxidation reaction,
palm oil was more stable during storage than lard. When 1.0% BSD was added RAEs of palm oil and lard were
233.92 and 2371.62%, respectively. Palm oil with 1.0% BSD showed higher antioxidative effect than that with
0.02% BHT, and lard showed much higher antioxidative effect than palm ail.
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BHA, BHT, TBHQ, PG
o< Erddl atstae}l A1 wdel FEA o8] Ha
R 2 ZAVE F4S vERd ¥R o4 LEEE 7
TF & "o 1HgiFe] fEE ¢S fEsi 59,
BHT:= 7+e] microsoma enzyme activityS 7M1 ZIchs B
Eo] Jo(57) aMAES AFFEEo] YR AR jlom nf
ZhA] o]E9] WHrF BS AskEa itk 2Esle] 48§
v A A Ee] A A B0 o 2t e
AAGAsA M-S Qg A7 o] o] FoiA] $irh(8-10).

AAtsAle] ek Arze g} A8 RS B
o] st e TAFE FAks =4 gk A7 Bol
o]Fo]A Utk HATFANEZE FE caaway, sage, cumin,
rosemary, thyme, clove, ginger 5ol tig ditsl B4 &
9 FEE 2 gkl digh AFrF Bel Hol Jem(11-
16) thxZd ikl 228 dove?] gdlic acide}t eugenol 3+
rosemaryoll4] 2|3t canosol, rosmanol, rosmanidiphenol, ros
mariquinone, A75%52] gingaral & TlEAl EZo] AN &
ZER o, o]Fo] 7, T, =A H offoll gk 4ts)
a3’} linoldc acid-carotene-water sysemellA] BHTY BHAS}
553 atslans Yeldths 2ot Iti17-19). 282
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sesamol, sesamolinal, sesaminol 5 #EA] IHEES EalEk
om oZEC] fX9] At A LS Srhe AT At
B3 Eo] 3th(11-19).

24719 AABAAES tjFEe] HEA sighEolt) o
He HsA ASPURAES A F] ksl AdRk-SolA] dky-
Iperoxy radicdolL} akyl radicdolA] FAS ZojFo =y
radicadS A7zl 2FelE AABITH20). F, HEA] ASPER]A|
7} free radicad ¥H-8-2 JAT F A= AL ASPERA(AH)7H
24 radicad(R - )3+ peroxy radicd(ROO - )3+ zHzF Wkg-sle] o
-85 JOo7A] ek= ROOAS RHE FA37| wlitol vlw
A QPgste] 4hAe) whgo] ofH YA A free radicde FISIA
7l A7E 4A BoH2)).

S, H2He dURE gslrA £& Az Aol
HABhE A71E WA dofxl Zae] dAZA of] 71A]
mono ¥ polyphenold E4EE& Tf3lal o™ (22), &L
2719} AAFZe] ZHg-o] AUTH23). Bk ollgl RN E =
ZA3 e oz AzxH ExdS AFRXE BHsls)
= g st Atsls WA thE 2ot 9la(24),
Exds FHAG Ao} A HI/HR o]g3tar Q)
th= B % QITk2s).

O|RFE w|Fo] B, FXAE 2§ FA AGEAF
o] A3lE dAse Evt AL Ao JdE] A= o
Fro| A F2AE B =X AL 60°ColA et
A7sPEA POV, AV, TBAZIE S43lY T w2s 3
3tae ARl HxHe g 71Z2FHA AFEE ATt

ELTETE

2 A= Leeot Eune] WH(22,23)00 ) A Ao,
7Z4o] 10-15cme] 3d A FE i (Phyllostachys bambuoides
Seb. e zucc)E TS A sl s dL2F o)E EEdEdE
2Bl ol bzt dol Wgste] Wekida 127019 A A]5ke
Ao AR} e BlZE EyAlAsiy 7R W
AE o2 (Whatman No. 6)F o3t ZZFZAS Ao
, ©O1AE AR (G)YRE (SUNTAC), 312 o]&3l] 104°C
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A9 A tist 2] a3E vwsh] fste #
¢ =AE F)RF7100AM AbsAZE H7HEA] 82 S5 F
S Foblo} AR thERE 7| & LdHR kA el
o-tocopherol(Sigma Chem. Co.,, S. Louis, MO., USA), BHT
(Sigma Chem. Co., . Louis MO., USA)Z A&t}

/X9 &2xF
21 8-7A19] Aksiobg Aol tigh Sx9e] a3E gotrr] 9
st Woo 5(26)°] WS WPt ARSIt &, ¢t
=AE 747k 15098 250mLe] ®lAC Helal FZHE 01,
05, 1.0%=]7 @713k T2 Bio-homogenizer(M133/1281-0, Bio-
spec products Inc., Switzerland)E ©]&-3sle] 4] Foll FaF
A7 & 570] 49 el R 60£1°C] ovenollA] 25U 7H
AsIHA 59 Mo 2 ARE AF sl RS 24

St 272 ortocopherols) BHTE ZH2F 0.02%% #H7Fste
d719F e Wb Adsart

utsts el £3

TR A 5 HirsETRe A7k $4-2 AOCSH (27)01
3tk 28]aL TBA(Thiobarbituric acid)’H= Mettere] W
(28)° lstd Attt =, A5l EDTA, propyl gdlae
(Sigma Chem. Co., USA)®t 3| dA =] S/H-E Fg &
4N HCIZ smL7tete] Aoz 3 ¥ SRsle] 2 SHRAL
50mL FHatdtt. SFY 5mLell TBAA Y (2-Thiobarbituric acid,
Sigma Chem. Co,, USA)S 5 mL7}3ke] =870l 458-7F =&
stod WAAIZ] & vkE WAz o] 8-S gectrophotometer
(UV-1201, Shimadzu Co. Ltd., Japan)E ©]-&-35le] 538 nmolA]
TFE=E =43 TEP(1,1,3,3-tetragthoxypropang, Sigma Chem.
Co., USA) &919] FFFA o]l TBAZIRE $Hilslgitt.

of =2 w7kA ] A7HE 2 f§A9 KFE717eE HH (29
StRom, o] FEIIZHCERE 7} AEfo] WE AiE &
ksl g 3H(Relative Antioxidant Effectiveness, RAE)(30)S Tt
I} o] AH=E3AT

RAE(%) =1G/ICX 100
IC: Induction period of control
IG: Induction period of sample incubated with antioxidant

=t

7=|jl_|. =1 k=

)|D

SX ME = x| S0 WE nHAEIETIe| Bi5}

FrtslETRe X9 Atslzr|dA|e] A EE #EAshs A
E2A AR x7] sbslag Soll YAEE 13 4bst
ARER] FrkskEe] o g veidt. AR & &9 F
ZAE Zriele] 22X & u et X9 FrtslErt A
512 Fg. 13 Fg. 20 YeRpAIch

el A Foll 271 HiIsHETR=E 6.76 megkg oilol
Rom FxH 01%, 05% = 1.0% F7H AR7|7-50r At
slE7le] 7Pt wxe] ST we) Fslo] oA|Eo] A7 25
o Fol= zFz} 3350, 2813 2 23.20megkg ailolew ol
FH72] 4457 megkg ailoll Bl 24.84, 36.89, 47.94% A
21t} oln o-tocopherolS 0.02%9F BHTS 0.02% 713+ o
ZT9 BAslET= zbzb 45077 2857 megkg ailolith &=
Z 1L0% 7= AA 77F WellA o-tocopherol - 0.02%
7S Wro Tl IkskE A JAEdE e
3 A7) Z7HEE old adte o FSish JElt
ot} 282 %99S 01%9 05% H713F 2 BHTES 0.02%
A7vet A vlszet Ay JeRIITE =X A TR
o] IxtstEvE F43] st %719 6.72megkg oilolA]
A7 25YU0l= 615.24 megkg oildll =g oy ExAH T
o tizTe A% 1087 25 5SS |t fislen 2
2= Wiy} 71&EslEo] A 25d0] =% 0.1%, 0.5% L
1.0% HA7F= ZFzF 209.77, 190.18, 23.82 megkg OilEA] &%
do] "7t #g717he] St uhgh datskE gl FElol
AAES & 5 AATh 2T =2 01%9F 05% H7HEet
o-tocopherol 0.02% 7= A3 104714 Aol WHal= Ut
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Fig. 1. Change of peroxide value of the palm oil containing
bamboo smoke distillate (BSD), BHT and -tocopherol incubated
at 60+ 1°C for 25 days.
-@-, Control; - O-, a-Tocopherol 0.02%; -¥ -, BHT 0.02%; - V-,
BSD 0.1%; -l -, BSD 0.5%; -[J-, BSD 1.0%.
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Fig. 2. Change of peroxide value of the lard containing bamboo
smoke distillate (BSD), BHT and -tocopheral incubated at 60 £
1°C for 25 days.

-@-, Contral; - O-, a-Tocopherol 0.02%; -¥ -, BHT 0.02%; - V-,
BSD 0.1%; -l -, BSD 0.5%; -[_]-, BSD 1.0%.

WA goront o FrE F43) WIslgen 1.0% 29
A7} 7= SAEA] BHT 002% 371 X234 A A
A7 Sk e A A anE Jehle] ¥ W Ul
oA FxAe Tyt SVIEFE ItEE A A et
Z7Rke & 4 AUtk Urasma(25)e SAHEXNS 5 &
2ol el 0.01% H7bsta 2 weksPAA] 180°C7HA] 71d st
FES FU7 F Yzste] 55°Col ] AARsiS W ke
E7le] Wate A% 13Unkl] F37H-9] 312 megkg oiloh
A2 20megkg ol YeRlo] 7189 kstE A A=)
o] AT 3R olT AA| gL ExAFT HE
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Fig. 3. Change of acid value of the palm ail containing bamboo
smoke digtillate (BSD), BHT and -tocopherol incubated at 60 +
1°C for 25 days.

- @-, Control; - O-, a-Tocopherol 0.02%; -¥ -, BHT 0.02%; - V-,
BSD 0.1%; - -, BSD 0.5%; -[ -, BSD 1.0%.
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Fig. 4. Change of acid value of the lard containing bamboo
smoke digtillate (BSD), BHT and -tocopherol incubated at 60 +
1°C for 25 days.

-@-, Control; - O-, a-Tocopherol 0.02%; -V -, BHT 0.02%; - /-,
BSD 0.1%; - -, BSD 0.5%; -[ -, BSD 1.0%.

© HA(BLIR)EA AxFgo] HIzetL R T frAlste
(2231302017 Axbs 25 Aol tis
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Fig. 5. Change of thiobarbituric acid(TBA) value of the palm ail
containing bamboo smoke distillate (BSD), BHT and -tocopherol
incubated at 60+ 1°C for 25 days.

-@-, Control; - O-, a-Tocopherol 0.02%; -¥ -, BHT 0.02%; - V-,
BSD 0.1%; -l -, BSD 0.5%; -[_J-, BSD 1.0%.

7F A% 109714 eRbeHAl Srtste] FEid Aksiey adE
YeRITE 28y 2 $59E FR7EE §4%] Hate] A%
252 9] A7l Z7] A7F 006 mg/gellAl 1.91 mg/lgE 7
o} 28 %29 01%$F 05% H7FE= o-tocopherol 0.02%
A7¥er R 7o) 10U7HA] rstA Atz dojtom ojuj
A71R= 742 030, 031, 037 mg/gellet A4 25dol= 113,
126 ¥ 136mgg= F7Fskth 2 10% H7kgk A
BHT 002% H7Frof Hlsegh Aoz & jbslolA] a3&
eSS A7 1049] A= 742} 0149 018 mg/gel e
o 2% 2520 0399} 0.42mg/gE -7l thelsle] 7958
3} 7801% AAEHACE =A9] A5 BE Aot Rt
2F F7F AR 159717 AA 8] JAER e 27] At
0.06 mg/gellAl A7 15l 371, o-tocopherol, BHT 2 =
Z9 01, 05 10% AT AH7F 742 029, 024, 013,
021, 019 ¥ 0.L2mggelth 2 FRE FH7= Absbr)
F&3] doju 2594 A7e 145mgigel ey =2 o)
T thE2Teh 2ol A Ak adE Jepilen o)y
g 8= 29 Hrhsxe] Sl wet SU1sksh

21 8-7A19] At AbsE]] ArE 2 dojuet] ¥, 2
, T, Ak gl FEo]20] AR SlollA] e free radica
AAER= BA19) hydroperoxideE 4431, hydroperoxide=
FalElo] ddehydert ketonesS AJAdsh=d], FA= AtshA| ]
2Hg-stoll A f7714ks AAdste] Abrte] At Aol ws) |
g AHE FAse 9] Hr) o]21dt free radicd->
A3} Qgkgsle] e AElE XA HE=E HE
FA M7t AsdA g as 1243 AFAHE
2ol BRyEY 9t} Cho 5(3R)S At 2 1E &
gzt o2 HEi B84 dEAe FES OiF
o Zkzb 0.05%(wiwy? Z7Fste] 2067F 60°Colx #1783k
) A7k= zbzb 032, 035 043mglg &= thET¢ 113
mg/gell skl FEe fE|A Aol JAladE eI
°om BHA 002% 71 051 mgigell Hlstelx AHalelA] &
I7E FE AR Ut Basieloh Rt ozt 94A
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Fig. 6. Change of thiobarbituric acid(TBA) value of the lard
containing bamboo smoke distillates (BSD), BHT and -tocoph-
erol incubated at 60+ 1°C for 25 days.

-@-, Control; - O-, a-Tocopherol 0.02%; -V -, BHT 0.02%; - V/-,
BSD 0.1%; -H -, BSD 0.5%; -[ -, BSD 1.0%.

WERS: #2599 mehanol-waer E8EME 7} A3t &
o] dEH ole =l'sA EZE isvitexine]™ a-tocopherol 2+
2o AAwe] hksl g3yt Quial S TH34,35). ofHtel
%9l sesamol, B4Af-2] gossypol, tH7frel A2}
S lecithin(@6)2 8] AlgE Fo dlsd EZ(I7)

2 fX¢] HA FasA R 2 Fgakst ZHU A sk
t}. 238y ExAoe F23) phenddl 3FEE<] 12019 ug/
g TfEo] JoerR(22) A7 Ffet =AY AR F &
YA A7k Faie FE 299 HeAdid 93 Heg
Aztem ofw AdRo] drf Zgskertel tisii e F2Y
o EAsle FlEA AR ek GAE B4 2 o5 RS
o83t ool fx]] gitsl a3 Uigt A7k o
s3fE]et Az

X NME 5 FxHo| 50 mE TBAJIC| s}

TBAZR= fA159] Bxsixiite] Ala7F dojubd peroxide
o} cabonyl SIgt=S FASHA =M, ojwf ¥ maonade
hyde= 2-thiobarbituric acid(TBA)S} WHS-&le] Hao] Haty =
Adsle AAREES dov|EE TBAVES] SH o= A
A RS gotE 4= Q) %9 04, 05 2 1.0%s 77 &
9} EX]ol] F7}8laL BHT, o-tocopherols zHzt 0.02% H7135F
o] 60°Collx 2697 F2AF S W 2AES TBAZE ¥
5}=2 Fig. 59} Fig. 69 YERNITH

A F B AR mAE JEge x99
Tt SVERE A Ve e 29 05%<F 1.0% H7t
gk Zlo] BHT 0.02% 7k A3} 22 70 = 48} Mg =
F= YJeRIAZ 29 01% /e A% 158 oJulolA
o-tocopheral 0.02% ZH7Hre} B89 o 0.5%2F 1.0% 37}
T BHT 0.02% H7Hte] ol vIxIA] Z3T =49
A9 AR 159714 % 04, 05 1.0% H7FF$ BHT
0.02% H7Fte] AkslelA] Ex= Hssion TBAE Adx
712] 0.05mgkg ailolA] 15¢Fel= ZHzF 0.19, 0.18, 0.16 ¥
0.14mgkg cilZ 7t 28y #3871 A7 5
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Table 1. Induction periods and relative antioxidant effectiveness
(RAE) of palm oil containing deferent concentration of bamboo
smokedigtillate

Induction periods

Sample (days) RAE
Pam ail 10.95+1.13 100.00£1.13
o-Tocopherol 0.02% 10.46+1.01 95.53+1.01
BHT 0.02% 12.83+0.51 117.17+£0.51
BSD-I 10.72+0.24 97.89+0.24
BSD-I1 13.65+0.10 124.66+0.10
BSD-III 21.24+0.09 193.97+£0.09

BSD-I: 0.1% bamboo smoke distillate.
BSD-Il: 0.5% bamboo smoke distillate.
BSD-I1I: 1.0% bamboo smoke digtillate.

Table 2. Induction periods and relative antioxidant effectiveness
(RAE) of lard adding deferent concentration of bamboo smoke
digtillate

Induction periods
Sample (days) RAE
Lard 0.74+0.06 100.00+0.06
a-Tocopherol 0.02% 751+0.01 1014.86+0.01
BHT 0.02% 20.47+0.02 2766.22+0.02
BSD-I 6.39+0.011 863.51+0.01
BSD-II 6.86+0.03 2297.41+0.03
BSD-III 12.37+0.01 1671.62+0.01
BSD-I: 0.1% bamboo smoke distillate.
BSD-II: 0.5% bamboo smoke distillate.
BSD-I1: 1.0% bamboo smoke distillate.
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