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Characteristics on lipid and pigments of lotus root, dried laver, and perilla leaf bugak
(Korean fried cuisine) made by Korean traditional recipe
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Abstract

Lotus root, dried laver, and perilla leaf bugak, Korean traditional fried cuisine, were prepared with fermented glutinous rice batter and

unroasted sesame oil or wheat flour batter and soybean oil and their physicochemical characteristics was evaluated. Bugak with fermented

glutinous rice batter and unroasted sesame oil showed higher hardness, possibly brittleness than bugak with wheat flour batter and soybean

oil. Oil absorption was higher in bugak with fermented glutinous rice batter and unroasted sesame oil than bugak with wheat flour batter

and soybean oil, however, the lipid oxidation, evaluated by conjugated dienoic acid and p-anisidine values, was significantly lower in bugak

with fermented glutinous rice batter and unroasted sesame oil. Frying oil strongly influenced the degree of lipid oxidation and fatty acid

composition of hugak lipid. Different preparation of bugak did not show great effects on the contents of chlorophylls and carotenoids of

dried laver and perilla leaf bugak, possibly due to protection by rice or wheat flour batter coating.
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Table 1. Chemical characteristics of oils

Unroasted sesame oil RBD soybean oil

C16:0 10.65+0.52 11.3740.06
Cl6:1 0.24+0,01 nd.
C180 5.570.06" 5.25+0,07
Fatty acids (Relative %) c181 36,6610,03° 25731069
182 4572045 49.9120,66
183 0474000 7.2740,02
€20:0 0.69+0.02" 0.47£0,01
Peroxide value (meq/kg oil) 0304042 2.50+0.14
Conjugated dienoic acid value (%) nd? nd.
p-Anisidine value 2504023’ 3.8910.32
Free fatty acid value (%, as oleic acid) 2.3320.09 nd.
a-tocopherol nd. 98.5740.08
7-tocopherol 1446 47497 85 812.114+4.29
Tocopherol contents (mg/kg oil)
0-tocopherol nd. 310.68£20.99
Total 144647197 85 122136425 36
Polyphenol contents (mg/kg oil) 17.13+2.27 nd.
Sesamol nd. nd.
Sesamin 0024.56+109.86 nd.
Lignan contents (mg/kg oil)
Sesamolin 3843.08186.37 nd.
Total 9867.64£196.24 nd.
B-carotene 23054018 15.09+0.46
Carotenoid contents (mg/kg oil) Lutein n.d. nd.
Total 23054018 15.09+0.46
Chlorophyll contents (mg/kg oil) n.d. nd.

" Significant difference between oils in each attribute by ttest (: (0,05,

? Not detected

mg/kg FFE T, ART|EdME v-EFZHET A
Z9 ¥l FVEoM= 7o, 0-, ¢« -EFHE F£o7 I %
o] % io}%’iﬂ} ZgdE e AA7IEAAAT HEHA
1(17.13 mgkg), HEPIEH FFe ARA7ET FIECNA
747}y 23,05, 15.09 mg/kgoltt. ¢ AZ7|EolE AAM,
ArEd 5o gad sighEo] 27 6,024.56, 3,843.08
mg/kg FrEo] ATk ART|E AtshiA] AR e
e e ¢S EAdAMY Ve B el EFHE
607.4 mg/kg, Z&ds 3I}FE 1522 mgkg, Bt I}EE
2,886 mg/kg, HIEFIZ2E 0,40 mg/kg (An S9} Choe E 2011)
3 a7k QIEdl ol N FEL EE WE A=z
tﬂ—/\]oﬂ o3t x}o]e AZtEch SR2ge xg;‘<17]Eer 2712

FollA AZEA &t ole} o] FrIEHUE ATE
1 sbsl WA AR FlREeo|= gEFo] Fol BZt Az I
A F H4o A B EE HAAY At 93-S v
A Ao d=Hrt

S 2 F 22 83 A A 297 A 635 (2013)

40,01, "1 p(0,001)

>

Hzte]l = g0l A&, A, Ade] ArE
AdeMe WAL AEHA §skon, e 22
E7tEd, FEH s 7—.‘1} 403,76+17.11, 15 184,67i197,64,
303,369, 39 mg/kg et F229 be AZEHA &%
T} Oh S 5 (2015)4 Oh S} Choe E (2013)& 79 Z2=2
2 a¢t 7IRE=olE FERE A7 500~1,140, 5,500~10,500
mg/kgC 2 HU3FY O™ Manning WMI} Strain HH (1943)&
o] FE A Al wet A FHEFele 2 Abol7t S
S Husirh, Ade F22Y o, F22Y b, HEPIEY,
FHIRS 77} 488.93+13.00, 442 97+18 65, 48,792.31%112.15,
487 53+6.21 mg/kg(dry basis, A& 7]|%) S3F3ct. ulebA
£ Adolx ALRe A 77“°‘8 %E_ELJJS & o] 7
2HxolE 53] HEpIEAE st A F43 A F
Zkel e vlE A 84 B2 kst @A 7dd
UG AoF o=}
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Table 2. Hardness (dyne/cmz) of lotus root, dried laver, and perilla leaf bugak with rice batter—sesame oil or wheat flour

batter—soybean oil, measured by rupture test

Lotus root bugak

Dried laver bugak

Perilla leaf bugak

Rice batter/ Wheat flour batter/ Rice batter/ Wheat flour batter/ Rice batter/ Wheat flour batter/
Sesame oil Soybean oil Sesame oil Soybean oil Sesame oil Soybean oil
108.40+31.78" 459145250 52.60+22.70 347611782 101.23+43.87 42,0445 30

Y Significant difference in hardness between rice and wheat flour batter hugak by ttest (i p¢0.05, = p€0.01, ": p(0.001).

Table 3, Fatty acid composition (relative %) of lotus root, dried laver, and perilla leaf bugak and frying oil heated at 180°C

C16:0 c16:1 C18:0 c18:1 C18:2 C18:3 C20:0

Bugak 107320207 0194001 5532015  36514037" 4593041 0474003 0634007

l:s;;:;m:f Frying oil Before fiying  1081£011°  020£001 5420012 36362021 46012012 0502005 0,69+0.05"

Lotus root After fiying 10624001 0212000°  554t002°  36.65t001°  4584+003"  0.460.00" 0.67+0.00°
bugak  \gheat flour batter/ Bugak 12.050,11° nd. 523016 25694030  49.49037"  7.062022°  0.47+0.04"
Soybean ol Prying oil Before frying  11.730.10" nd? 5000003 254440117 50142000  7.13+0.04™ 0.48+0,00°
After frying 11824001 nd. 5.144015%  25.6640.14%° 49891028  7.014006° 048+0.03°

Bugak 10,66+0.08 0204000  547+0.10"  36.37+0.11"  46,15+027°  0.48+0.01° 0,66+0.01°

- lz:m:;m:]/ Frying oil Before frying 1049018 0194001  550:011° 3634£012° 4630:0,11°  051+004° 0.67+0,03"
rfwj:er After frying  1063+001%"  0217000”  540+002% 3618+012°  4648+017°  047+000° 0.62+0,02"
Wheat flour batter/ Bugak 11.8140,06™ nd, 5145003 25212011" 50014011 7.35£0.07°  0.47£0.01°
Soybean oil  Frying oil Before frying  11.65+0.01° nd. 5144008 2524+019°  50224013"  7.26+0.14" 048+0.02°
After frying  11.79+0,02% nd. 5012005 25204013 50.20+0.13°  7.35£005' 0.45+0.01"

Rice batwer/  Bugak 10614003 020£000™  563+008'  3662+012°  4575+020° 0524002 0.68+001"

Sesame ol Frying oil Before frying  10.54+0.02% 0174001 5431002 36304005 46.40+0.01°  0514005" 0.66+0.00"

Perilla leaf After frying 10550137 0.1810.00  5.49+006" 36514016 46,120.12 046001 0.67+0.03"
bugak  \upeat flour batter/ Bugak 11.8740.05" nd. 5055005 26104006  49.49+008"  7.01£001° 048001
Soybean oil  Frying oil Before frying  11.66:0,02° nd, 484+016° 2587014 50.06£0.24"  7.13+0.09™  0.45+0,04"
After frying  11.74%0,02 nd, 49140087 26061008  49.7910.14"  7.03t0.07°  0.4610.02°

" Different superscripts mean significant differences among samples in each fatty acid by Duncan’ s multiple range test at 5%,

? Not detected
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AAFSIE}, Mukprasirt A 5 (2002)2 2
o

peak paste viscosity & YERN™ FHA 34 F<t #ig]
b FoiA ot

A(runoff) S A&t HIE] Y] adhesionS

AL e wws Bheh HUAES uAAR
(crispiness) & S7HA71E A2 HAustch old=z A~ 3k
O IL=

~ T

HiE ] pasting 570l SFE WA= A stz

AT Fo| WAREN 3% 2ol Hls| Fwrt fol)
A EHTHp.05). oA FAEI} ARIIBoR AxH o
2, 4, AY el WARESN} FEoR AxF oo
M) WA} Busdee odnlgt dme AE 249
HES doyjsdl HRdk duAZ A8l (Bourne MC
2000, Wb FEE} APNBOE Az A2, 4, 22
w7to] WRE BAEon Axd R7bur ol el

227 9tHReddy RK 5 1994),

4 B7to| X|ukEl EAN

HAE YA7IE0 8 AXd A, A, AY Fzhe] A
A sheke Z47h 32,09+5.36, 25.90+5.36, 63.4715.81%0]%].S
o, WHEES 37 Axd 92, A, Ad 749 A
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Wb sleke. 7hzh 25104926, 28.10+4.91, 58.58+£5.63% 0.2,
HEEY Ao Az F7e] Vg F5Ee] ta
=90tk oJAL AASIA e ARVEH AAE TS
24 o], 53] FEAGAt FEold di 7l A
Azt &, Ak 718 giREEe AAst
A A g2 IFA7E 7AYol 71EF FH
Alo]oll A surface active agent® ZF-8-3}od(Abousalham A
20000 FrE|AHEE ghgo] me ARV R Axd Hzbo
7o s EZ1 Hzbo| wgte] 7|5 FEFol thh =gk
Aoz AztE

HBET A7 AZS A, A, AY FelM S
Z3 Ao gEalihds-460%)T 2 H2H36~37%)0] =
HE2  FREY 93, ZuELNI0-11%), ZHol24k
(5~6%)9] T2 Z(Table 3), ol& AR7|ES At 247
- fAFSETE wek WUlRET FUEoR Alxg A2,
A, AY FollA 5 ARAE 2lEdik49~500)7 &8
AH2s-260)0] T2 H|EE FrEol A, FWEA
(11~12%), 2Hol22K5~55%)8] o2, F7|8 AAle At
A 2T wig fAREe] EA AEe] At 24 HA
24T dXgthE 7]1E Hil(lee ] 5 200208 YSatoih.

A, FARe TR 54 Sl #Agle] ¥4 AxE
A HAd A T HRRY ARt 242 s dWsE
Holx] 9kkth(p)0.05). FAE 1L HA A Fo| AF
sl e 238, UTE FF ToE sty ExsiAWAke
g ghol Frasta kAt A o] Frtske] A
WAk 2ol Wk AYS HolEdl(Choe ESF Min DB
2007), & AFelME FFlo]l & 117k U= K Eo] A
Ako] Fiol W Atstel Eai7l FEigh AbolE HolA] R
9 Aog 7t}

ARZ AV E = WIFEY Fre5eE AR o
o, A, AY BhogRy FES AWAe] Fdo|FAakpid
of AdZS Fig 13 Zth AEEH AT R Az
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26,47, 24.580)°1 Bl F-ofSAl RARATHp(0.05). B ohA]
dge EES PYRrEor Axd A, A, Ad B
Al A Hok(p(0.01), BIMRFEY VISR AFT F
Zhol HlE] EET BRVNFoR AES Fzte] Ao
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siAHke ksl 5 on|Fdo|T AT o] ddstgow by F
dolgAgto g AsHY uety AU, T7EH 2ol gE
A gEalites O3 dRshe AEA fAY AEle T
Ho|Z=2kgke] =712 HOlth(Choe EQF Min DB 2006), 3+
AA sbsle] F7F AAAEQ FAbsEe HalFo] dus|=
s 58 AstY olUAdES FTMITIER E2 T
ol gk ol A A Atsh o ol S
oulgit}, WREY Fr|Eog Az Rz us I
P2 AT Eo R Alxd Fex AE kst wiekd
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Conjugated dienoic acid value (%)

Perilla leaf

Dried laver

p-anisidine value

Perilla leaf  *

Lotus root

Dried laver
Fig. 1. Conjugated dienoic acid and p—anisidine value of
oils from lotus root, dried laver, and perilla leaf

bugak (N Rice batter/Sesame oil, O Wheat flour
batter/Soybean oil)

“Significant difference between rice and wheat flour batter bugak by
ttest (1 p€0.05, "+ pC0.01, "t p(0.001)

Fig 2= 180CE 7tget 7159 4 dAd Fof Fo]
gkt oPUAIZES Bzt 1 AR

A oAIEZS ZH2E 16.36%, 3.3601%12
Bzt AzxE A% 3 HE F R ol 4
7t 27.54, 23.90, 21.42%=, oFUAWZESe 7k 32,13, 20.71,
20198 FeJeAl F7keFTH(pC0.001). EFF 7HE F71ES]
FTHolFagk ofUA g M 17.79%, 10.97¢]% 2 A
<, A, AY B4 AxE S 23 A F Y
o|FAgtS Zt7t 33.08, 27.74, 26,4mE, ofUAlHgke 4zt
40,90, 32.41, 34.672 oA SV M(p<0.001),
T B3 Fdoleagtd ofYAHgS B2k Ao At
st Ak ARE RO webd ARV FU1Ee
B Az 5 FHA FFoM FoaAl st o dF A
ste FAR7E F2el Holso] Fzh Ambde] Akst AxE
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Wheat flour Rice

Rice Wheat flour Rice Wheat flour
batter/Sesame oil batter/Soybean batter/Sesame oil batter/Soybean batter/Sesame oil batter/Soybean
oil oil oil
Lotus root Dried laver Perilla leaf

Fig. 2. Conjugated dienoic acid value and p—anisidine
value of frying oils(The 1 and 2" bar in each
column represent the value of oil before frying

and after frying, respectively)
Significant difference between oils before and after frying in each sample
by ttest (***: p<0.001 ).

FAED ADNE T= WIRED g0 A2
2, 7, A9 $7o] 223 FzHwols LS Tble

NSZEMOR MZE o2, U, HY 2ol NYHY M2 S5 811

i gt 222U AAREwelSE FhHA Ay A
om FHEN APNE EE WIREN B olgstel
AZG Hrolile HAfld fed WEteaw ag 2

ZHod, A7 AY oM E F22dy JlRE x|
7F BT AZEHQC AEER AAVELE Az A F
M= S22 a9t brb 2447 22,70, 84,51 mg/kg, WHFE
I F7IEoR Alxd 3 FbolxE 42.00, 71.31 mg/kg
T2 HEHY T SR A F2 Abolol fofdt zels:
Aok aY F F£RY F22H HFHdE F FFHe
F-7}(107.22, 113.31 mg/kg) Abololl F&Jdt =fo]7} Holx]|
sttt 8 oA F22d ot ASEY HE uyE
A B Az JB F Z22F o7} bE AT Aog A7
Ho 2292 1, 3, 5, 88 ¥Ae AFr|E 7Kl "HE=
g Fx=2 7kl nladigs 7Y, F223 a9 be
3 QA 2z WEriel T(formy) 7S JHAE FH o]

24, 43} wgol o3 ¥ wEre THE/Z H3d &
QtH(Thyrann T} Lightner DA 1995). AEA|M= &4 #
gl o3 ZEad a9 b FAgEE Aow RuEh
(Meguro M 5 2011). 3bd, 53 ARA7|go=2 AZd
A e 2229 a9t b7l Z47F 94.96, 232.89 mg/kg
HrERer, RS FUEoR AR AU FZA
= olHt} F9&H B 181.25, 279.62 mgkg FEE A
FHATHH(0.01),

AEET AR v DIEEY TVELE Az o
= oM Welzl=ER 242 21,45, 19.64 mg/kg HE S
Rom, F FF F2Zb Aloldl gt Apole Kol ¢ksk
o} A2 ARV oR Axs 7 Fzelxe wEIEE
I FE| o] 247} 8165.48, 82.57 mg/kg, WIFEH TS
o2 Az3 7 BZAE 5,664.30, 24.61 mg/kg SEZ 7
Z5o] T R A EZ Al fFodt AolE BT
(p€0.01). oA F7Zt Az Wl 23t zjo|HbE= ulrto
A AHT 7S sheet FEHIZ AR FAFoA AT F
Ae T Wy F A T ErdAddA vEE sl

£ §2 oY ool

Table 4. Chlorophyll and carotenoid contents (mg/kg) of lotus root, dried laver and perilla leaf bugak

Chlorophylls Carotenoids
Chlorophyll a  Chlorophyll b Total B —carotene Lutein Total
Rice batt
Lotus root bugak ice: batter/ nd? nd. nd. 214541 44 nd. 214541 44
Sesame oil
Wheat flour batt
cat flour batter/ nd. nd. nd. 19.64+0.32 nd. 19.64+0.32
Soybean oil
Dried I Rice batt . . w
e e fce batter 27050907 S451E440° 107225511 BI6548E83918° 82576937 824805484590
bugak Sesame oil
Wheat flour batt
eat flour ilef/ 42.00+3.72 71314237 113314606 5004.301305.55  24.61t153  5688.91+305.53
Soybean oil
Perilla leaf Rice batter/ . “ B B
. 94.90+5.14 23280+1643  327.8512097  6176.611993.00 14574248  6191.18+995.46
bugak Sesame oil
Wheat flour batt
heat flour c-1er/ 181.25+21.28 279.62+17 31 460.87436.67  7213.64+1254.71 15.21£2.61 7228 .84+1257.26
Soybean oil

"Not detected

Significant difference between rice and wheat flour battered bugak in each attribute by ttest (*: p¢0.05, **: p¢0.01, ***: p(0.001)
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Table 5, Chlorophyll and carotenoid contents (mg/kg) of frying oil heated at 180 °C for making of lotus root, dried laver and perilla leaf bugak

Chlorophylls Carotenoids
Chlorophyll @  Chlorophyll b Total B —carotene Lutein Total
Rice batter/ Before frying nd” nd. nd. 20761137 nd. 20764113
Lotus root Sesame oil After frying n.d. n.d. nd. 14.30+0.43 nd. 14.3040.43
bugak  \yheat flour batter/ Before frying nd, nd, nd. 14,53%0.59 nd. 14,53%0.59
Soybean oil After frying nd. nd. nd. 13.80+0,32 nd. 13.80+0,32
Dried Rice batter/ Before frying nd. nd. nd. 2076113 nd. 2076113
laver Sesame oil After frying nd. nd. nd. 16.35+0.10 nd. 16.35+0.10
bugak Wheat flour batter/ Before frying nd. nd, nd. 14.53+0.59 nd. 14.53+0.59
Soybean oil After frying nd, nd, nd, 14,35%0.49 nd, 14.35%0.49
Rice batter/ Before frying nd. nd. nd. 2076£1.13 nd. 2076113
anlfla Sesame oil After frying nd. nd. nd. 18.69£0.06 nd. 18.69+0.06
ea
bugak Wheat flour batter/ Before frying nd, nd, nd, 14,5310,59 nd, 14.5310.59
Soybean oil After frying n.d, n.d, nd, 14.88%0.09 nd. 14.88+0.09
"Not detected
Z)Siglrlificam difference between before and after frying in each oil and bugak by ttest (: p¢0.05, = p<0.01, : p<0.001),
HAT F, FAE ARIFeR Az A w2 V. 2 %

‘ﬂlE}ﬂ;Eﬂﬂr TEﬂ°1°1 Z¥z} 6,176.61, 14.57 mg/kg BHr
EIM#H% WFES FEeR Az Ad Fdre
7213.64, 1521 mg/kg TEE AZFEHJoY F ZF9 A
2k Aolol] felgk xfol= HolA] skt wiEbx FRETG
W7 B WRRESG 37159 7 SR Ay o
2 FZboA e A St 2 Aot gle ASR Holed
o|lAL IRE T WNEE =9 E7lLo] 7 = Y4
e At SR EHe AE e ZPoa R T
2012)04] A 7]018F Aoz AzbErt

g 180CE 7hge ARIEH FUIEdNE A Az
= 9% 3 B ojHe BE o|Fom FE2do| HEH
A ke, 7td AR7IEH TN E wEkERR A
ZHHTable 5). 7tEE AVIER V159 HERFIEE
teke =7 A 77 20,76, 14.53 mg/kgelgout, 2 Bzt
AxE A% F4 A F 47 1430, 13.80 mg/kg, A 7}
Z5 9% "4 F 47 1635, 14.35 mgkg, A 24 A
= 4 & 47 18.69, 14.88 mg/kgl 2 HA I}

T A4 FFels 2 Aol7k ek ol
of Awst :M' Ade)l 227 FL2Ex0]=7}
5= AL e 57129 HE
e dSshe Aol f‘ig & 9,13} w3l 27|23 nwst

—Et Hb HﬂE‘rﬂE'E* 4

H el 28l Sheko] =gtel 7(1—7].%
AAE7] ¢ls) wEetREo] AxE

71&8t AAY Ar|2e] AslE o
Wi o1 1 A5 HeEd S o e
Aoz AlmEnt
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