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Physicochemical Characteristics and Antioxidant Effects of Red Mustard

(Brassica juncea L.) Leaf Using Different Drying Methods
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Dept. of Food and Nutrition, Chosun University, Gwangju, Korea

ABSTRACT

This research investigated the physicochemical properties and antioxidant activities of hot air—dried
red mustard (Brassica juncea 1.) leaf (HR) and freeze—dried red mustard leaf (FR). Crude protein
content was highest in FR, and crude fat and carbohydrate contents were highest in HR. However,
moisture and crude ash contents were not significantly different between the two drying methods.
Total free sugars were higher in HR compared with FR. Sucrose, fructose, and glucose were the
major free sugars in both HR and FR. Contents of essential and non—essential amino acids were
higher in HR compared with FR. The major organic acid of FR was malic acid, and the major
organic acid of HR was malic acid. The contents of saturated and unsaturated fatty acids were
higher in HR than in FR. Total mineral contents were higher in FR (10,187.22 mg%) compared
with HR (9,815.80 mg%). Major minerals were K, Ca, and Na in the two drying methods. The
contents of vitamins C and E in HR were higher than those in FR. Total polyphenol contents
showed no significant difference between the two methods. However, total flavonoid contents in
HR were higher than in FR. The ICsy values of FR and HR in ABTS assay were 0.89 mg/mL
and 0.65 mg/mL, respectively. The results of all experiments suggest that HR and FR can be
natural candidates as a rich source of antioxidants for further chemical investigation.
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78S AAel FaL glon, o5 e Al i
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GATF7E ol olgH o] I LMol w
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&E ol T Qo] olol viek YA Balo
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=olA|2L thHlee et al. 2016),

KA Az 9ekE), Tl v e ds
of SiEES vk wat opzl, Zele iseS
3= Ao g I dtKVerhoeven et al, 1996; Deng
et al. 2012). o|2fgk el o]2& 282 st
Aol e o2 7HA FUAE whizole} AR
o, 53] Al gol EAfehs Faekr vl
A¢l glucosinolate= 213%-¢] Zaju} 718 A] Z3Zo]
gl we} 7REs 54291 myrosinase?] 28-S
Hho} jsothiocyanate, nitrile, thiocyanate, indole-3-
carbinol, sulforaphane, butenyl isothiocyanate 2
allyl isothiocyanate2 Z48=]w g4, I 52 tf
&3 Aeld 28-S gkl YA JdtHHeaney &
Fenwick 1980; Lund et al. 2001).

A= HEAXANEZ ARSI Brassica juncea)
off &3, AR AARLE TR EA|AL Ffae]
i 2 ol sh= AL QltkLee et al,
2016). T ARE o83 ATEe ARG I
o H7} %o 28y F3KLim & Song 2010; Pak
& Sohn 2013) To=, A7} 9l o] & o] 83k 2]&5}
2 ARA Y] A7t B8t w2 A7t dadh
AAelet, gk ARkl Azl mE JPIE
g AgjggdEde thet A= nlujste] ofdl gk
7t dastha AlsE kA APde] Aok
WA] g om ZARLe] MEFLANRA G o 8IS =
o]7] Slal 2 dek Az el mAjo] F sl o/
Zick, ole) Wt & AFE RS d3Ax 2
FAF3l olgkelA] AR Bl st adE v,

wskaAt sheich

II. 97499

B Aol ARS-E AR 2016 74 el
SYolA skl ARgSRIT. AARKRLS AlH st
E7IE AAg $ Aellx 13} Axstda, s21x
2 dFARE ro] 23k dxsielth. a1
-70C deep freezerollA M85 WA F, FAUZ
7](ED 8512, Ilshin, Yangju, Korea)Z& ©]-&3}
ARE At dFEe e 9%z
(GNOI12, Hanil GNCO, Jangseong, Korea)Z o]-&3}
of 60T oA 48A1KF AxBEek. A2t 2af H1zd A
T+ ¥71(HR1378, Philips, Karner, Slovenia)E ©|
£33, 100 meshiz v} 5 weEle] 24
& -70C deep freezer(MDFUS2V, Sanyo, Osaka,
Japan)ol] Baste] ARgSFGIT

2
—
38}
(@]

2. NexE

AR 100 goll 80% ollehe-& ke &, gkl
23S 323 65T 2] heating mantle(Mtops ms-265,
Seoul, Korea)ollA] 3AI7H4 33] &35t FE35
AAZY FZHL Whatman filter paper(Whatman
No.2)& o}gste] of#talict. ololls 40T 8 3ol
2] rotary vacuum evaporator(EYELA VACUUM NVC-
1100, Tokyo, Japan)& &= A7t 7%} - 5=
g o 54 dxAIEen, AR Alst WAE S8l
70T WE BashHA B A3l ARSI

Az ZAAR] o] AWEAE-S Association of
Official Analytical Chemists(A.O,A.C.) 3 (2005) ]|
wjeh AAlsleich, RS 105T AR, 24
W2 Soxhletd, Z3E-2 550C ZlsiHoz #2519
o AL ALR@AT)E o] 8ste] AEAEE A
e Al 6,258 Fako] Ao, vt

2 100004 i, 2, 224, 232 Fhe



AFt Fez et

At 292 Wungaarden2] WHH(1967)) whet
A&, Alge] AAels ke 2ok AR 5 g2

chloroform-methanol 2 & - o943t & 79} - 5=
AlZ1 AHEE 2k 100 mgoll IN-KOH - ethanol &4 4
mLE 7Fste] FAo] glojd wizhbA] kAl ZIT
14% BFs-Methanol 5 mLZ 7}3la 732712 42
ato] 80T ellX 5 FRF 7FEEte] mAs) sholrk. 1
jr, NaCl ¥3}8-H0 3 mLe} hexane 1 mLE 7F5fe] AJ&
ol A AL F5= B8 77 NaSO;
fdE Fo] 8-S AH3Y gas chromatography
(GC-10A, Shimadzu, Kyoto, Japan)2 #243}it},

VS|

Al

AR 0.5 g& H3te] AAZalaze Yo 255

5. R7Iut

HI

20 mLE 7]—5]- , 80T E 2 water bathollA] 4417
gl - FE=E3kr) =23)1 208 whatman membrane

filter(0.45 um )2 73+ 3 30 mL 83} Ion
Chromatography(DX-600, Dionex, Sunnyvale, CA,
USA)Z #2185t

6. HEIZ &M

HIEF A, C, E9] #42 2E-37W (Korea Food
and Drug Association 2005)2] Wl we} AlRYE]ic),
HIEPT] A9} EQ] B8 A|F 4 g3} ascorbic acid 0.1
gell ethandl 30 mUE go] 3} & F socolk] 2083k

ZZz}olt}, 183 50% KOH 0,25 mLE A7bek &
Z7F 3 mLe} hexane 5 mLE 7}3F] 3000 rpmollx]
2087 A SRt el hexane 5 mLE 7fe}
Stet §- s0C oA 2087 FESto] ThA] hl
5?%1‘4. NI A NaSOs F71ete] &AL
3 50C oMM Y 53] methanol2 34171 &
membrane filter(0.45 )2 &3] HPLC (LC-10
AVP, Shimadzu, Kyoto, Japan) & £4J3}3jc}, BljeR
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Ccol B4 AlE 0.2 goll 10% HPO; &9 10 mLE
7kt 23+ 3 3000 rpmollA] 208 F<F AalEg]
A1 F TA] 10% HPO, 898 5 mLE 37I8te] 2535t
3 oA alielslkar Asele $kske] membrane filter
(0,20 um = o5} HPLCILG-10Avp, Shimadzu, Tyoko,
Japan) 2 &438}3i},

7. 748 Oofo|k=tt A

Tl AR 0.5 g& HZAIA 6N HCl 3 mLE
ko @rste] 121C oA 2447 B2t TR sk
T oJ9lS- rotary vacuum evaporator(EYELA VACUUM
NVC 1100, Tokyo, Japan)Z 7%t - EZAIZATH
Sodium phosphate buffer(pH 7.0) 10 mL2 #-&3}]
€4 1 mLE FH3)| membrane filter(0.2 um) 2 oJ3}3}
At o 8olS ofr] At EEA 7] (Biochrom20,
Pharmacia, Cambridge England)2 A% #-2J5}$iT}.

8. 7| 24

7713 BAL A.O.A.CHW (20059 we} A3}
oItk AlE 0.5 g, 200 HNO; 10 mL9} 60% HClO; 3
mLE Fale] Tsid ulzkA] 71dslke] 0.5 M HNOs=
HEFNIc), A TEGo 2 EHFITL viald
o) 8 mLA Ao}oqL %11 0.5 M HNO;=
Yzrow ko] fFedstEetzmt B4R 7](1Cp-
OES, PerkinElmer, Norwalk, USA) 2 2 FEA35}3ic}

Ho 2 9

9. £ polyphenol &2

HAAAY e &5 F
Folin-Denis*H{(1912) o]l whz} S7g3ict, A AR
253} Folin reagentE 242} 0.5 mLA Fo} 2-2-0f4]
387F A8k TS 10% Na,COs 0.8 mLS H713k &
0E7F AXsIe™,  UV-spectrophotometer(Bio-
ARE3F 760 nmol 53

polyphenol ke

"N

X

d, Hercules, CA, USA)E

T2 2430t EFFAL tannic acidE o83 &
FHFRNE #83te] Al| F9 ¥ polyphenol =k
= 78
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10. £ flavonoid &2

% flavonoid - DavistS W33} Chae et al.
(002)°] whe} Sskict. AR F25=7 diethylene
glycolg 22} 0.5 mLE 37}8F t}2, 1 N NaOH 10
L& Y31 37C water batholld 1417 E9F w411
& UV-spectrophotometer(Bio-rad, Hercules, CA,
USA)E 420 nmollM] F3=5 S84t B34
< nuting o 8% FFATFTAAE A-8ste] AuFo

flavonoid &S 3T},

11. ABTS+ 2itiE 275 &3

2,2"-Azinobis-3-ethylbenzothiazoline-6-sul fonic acid
(ABTS) radical 25752 Re et al. (1999)9] WHES ¥
gato] that 2ol Skt 7 mM ABTSS} 2.4
mM potassium persulfateS E35}0] aollA] 244]
ZEgste] ghojzte] S gk F, 734 nmolx
F= kol 0.7-1.0 HA=rt H=% Msto] AR83I3
o}, 343k ABTS+ 2hojz 89 100 pLo}h A ARK] 5
== 100 d& S8k Ao 723E AR 5

734 nmollX] FB=5 SAS)

12. SAXE

RE AYS SHH o= 33 vEE 53 Al
B A% EAxE= GraphPad Prism 5 program
(GraphPad Software, Inc., La Jolla, CA, USA)S o]&
ste] AR Frolid AL pl0.05s Y wWE VI
o2 39t 7+ A8zt TAE 942 Student

ttests ol-8sto] FolidE HAAskI
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, 2 43,09%, 224

W 3250, §EEHE 27,0000 SH8kaL Qich &
Azt ARGl R TR 4.19%, ZI)E
21,3000, ZHNA 37,0606, ZAM 3.57%, Bk
31.78%e |t TAAZ AAAY Y] A
Fzg AAAR | Hlgte] fofHoR w9k, =
W g@alee FA Az vls)] dF iz fe
HoZ =2 FoF el XSl &3k B
] #& sAAxEste] 248 Aol vl B,
ZehlE 22 049%, FAM 12.80%, Z31& 6.25% 2
B3R 56,8700 (Lee et al, 2009), BrabEs} 24]
S Alfgh kil el FANES AR
oA A el AAR ] it RS dFE
gk ARk (A, HA, AR, BAY, FEAY
B} v IS 7Y, A Tt 27,08%, 23
H17.35%, ZAHE 9.05%(Kim et al. 2009)E, 24
Aelol] Bl FAMRS Egton), zala) zoime
o Zog Yeht, FA0% 9 IFAx3 AR o]

UhE AAsl Aas} vlatste] Frde] F5]E Ak
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Table 1. Proximate compositions of Brassica
Jjuncea L. treated with freeze dried
or hot air dried methods

(% dry basis)

Composition Freeze drying ~ Hot air drying
Moisture 423 + 0.20 4.19 + 0.04
Crude ash 20.66 + 0.17 21.30 + 0.43
Crude protein 43.09 £ 0.86° 37.06 + 1.60
Crude fat 325 £ 0017 357 + 016

Carbohydrate 27.00 £ 1.55° 31.78 + 0.68

All values are expressed as the mean £ SD of triplicate

determinations.
"p<0.05, "'p<0.001; Significantly different by Student’s
—test between freeze drying and hot air drying method

2
FANE 9 FFzol e ARl fEE &
L Table 29} 20}, 270% 9 303 AR}

QoA B 7153k FElde sucrose, mannose,



fructose, galactose, xylose, glucoseZ % 67}A| it}
AAASlel A 9 dFAER ofF ¥ R
ghke 727} 445,48 mg/100g3} 657.43 mg/100gS 2

@7izol ol feig Heol of Bkt BAEs)
GFAz wE ARG F8 e sucrose,
Fanz A7

=R Byl

fructose, glucoseR o™, o]F
A= glucose $HFo] 168,54 mg/100gE 74 E=9kaL,
AR M= sucrose $FEFo] 532,49
mg/100g= 7V A Wrk. 7<= 4 2] Be=
fructose, glucose, sucrose 37}A|et ZAEEJAttar Ha1
BFHF O H(Kim et al, 1988; Han et al, 2003) & 174}

= thh xpol7} Atk Sucrose, mannose RS

JE Az AARANA FolHoz

DT

=2 g5 HYom, fructose, galactose, xylose,
glucose gk IF Az vle| FAHAZS @741}«;1
oA oA frelH o= A VERdTE 2 A7 A,
Azrgoll e ZF frejde] e Abol= 7 _71:5’4'2401]
A ZFlIEL dell ofsf G wale] folellA] HIRH A
2 AleEnh =g AR & fed e 5
Azl vlsl @FAH A =4 e, d3dx
ol o5k ARl 83t U] WA E FHislet
7l g ZoF AlmHch

iln)

Table 2. Contents of free sugar in freeze and
hot air dried Brassica juncea L.

(mg/100g)

Free sugar Freeze drying Hot air drying
Sucrose 12827 + 2417 532.49 + 7.94
Mannose 0.49 + 0.02° 3.68 + 0.07
Fructose 142.73 + 243" 68.70 = 1.47
Galactose 3.80 £ 0.04" 3.01 = 0.09
Xylose 1.65 + 0.06" 1.50 + 0.02
Glucose 168.54 + 2.03"" 48.05 * 2.50
Total 44584 657.43

All values are expressed as the mean + SD of triplicate
determinations.

*5€0.05, **p<0.001; Significantly different by Student’s
t-test between freeze drying and hot air drying method
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3. 74 ool
FAAx g GFzel mhe H7ARke] Ao

AL BFk BAlo Table 39} v} £A7% 2 JZA%

AR 7 OW Hrol) 2t 8%} v Lol
T 17%9] ofv)iato] HEH
S 703 H7Axjele] Berohulieat
3.27 mg/100g7 8317.47 mg/100g
F Ao Fpopriesto g
AzEJoH, &

9+ valine, leucine, phenylalanine <=2

leucine, valine, lysine =0 & Eo|

1zl 4

Table 3. Contents of free amino acids in freeze
and hot air dried Brassica juncea L.

(mg/100g)

Amino acid Freeze drying Hot air drying
Essential

Threonine 4555 + 2.89" 85430 + 14.23
Valine 1161.39 + 6757 1603.46 + 19.39
Methionine 29.15 £ 0957  81.21 £ 3.00
Tsoleucine 810.45 £ 9.89"" 96635 £ 10.52
Leucine 1473.86 + 1849  1504.58 + 27.05
Phenylalanine  947.34 + 15.14"" 1440.50 + 13.93
Histidine 552.15 + 10.02"" 971.56 + 12.15
Lysine 1103.38 + 19.83" 895.51 + 4.70
Total EAAY 6123.27 8317.47
Non-essential

Aspartic acid 1637.10 + 32.08"" 2558.27 + 55.52
Serine 369.05 + 17.28"" 1143.49 + 13.73
Glutamic acid 2841.04 + 13.60" 6151.77 + 54.29
Proline 1502.42 + 35.00"" 1904.21 + 18.28
Glycine 756.80 + 7.42"° 84333 + 855
Alanine 975.84 + 27.38"" 1265.56 + 12.70
Cystine 5382 + 189" 6870 £ 1.39
Tryosine 21469 + 52977 34756 + 20.19
Arginine 895.51 = 470" 1520.89 + 30.04
Total AA? 9246.27 15803.78
FAA/AA(%) 66.22 52.63

UTotal EAA: Total essential amino acids

PTotal AA: Total amino acids

All values are expressed as the mean + SD of triplicate
determinations.

"'p<0.05, "'p<0.001: Significantly different by Student’s
—test between freeze drying and hot air drying method
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2 RE IFE Holnh w3, eEax 9 I3iast
ke voluleite] B ke 2t 9246.27
mg/100g¥} 15803.78 mg/100g& YERATE, H|Z==
opr] =2t Fofl= glutamic acide] $Hgo] FAHAZE &
@z AN 71 sker], BANEe 4
AR aspartic acid, alanine 02, IFAZ] 4
£ aspartic acid, proline =0 2 =& SIS BT
FAAEZ AR Bla)] dFAxT A AR
T3 ohi=it gho] lysines Al fsfal B #2917
02 =32 Slettt. WA ofu|=Abel tisk d

F3hE vlgo] FAxS AARKY] Ao
06.22%, FFAZT AAAL 52.63%2 e}
FHo R $Fhe Hoiet. ZhA| o] 74 of]
=2he B Ad, Frotu| 4R leucine, valine,
lysine¥} B|Zsroln]izAale] glutamic acid, aspartic
acid, alanine =02 Wo| AZHo] & A7-dae}
ARHE B QIth(ang et al, 2016), sl &3l=
o) 745, T4 oflieat Fola] B]7 ofril
ol glutamic acid®] $FeFo] 71 =7 YERH(Seon et
. 2016), & APEAeh RAHE HoiF,

4

Az B SFe) v AR f1 3
F2 Table 49} 2t} $47x 9

Q] B citric acid, malic acid, succinic acid, formic
acid, acetic acid®] & s7}A] f7)4te] & FAc)
T It ke TANES AARRRle] 191.47
mg/100g, BZFZ3E AR 0] 329.24 mg/100g°]
St} sAA=RNA AEH T2 7714 citric acid

102,17 mg/100g, malic acid 81,43 mg/100g °©] NS

AFAzF AAR

™, succinic acid, formic acid, acetic acid =02 A
AZE9IT}. o] Seon et al. (2016)¢] FAAZH
ojg ATl R G s AR, 4
Aple] E Iz ofol BEA K7L mlic acid
168.37 mg/100g, citric acid 132,76 mg/100g, succinic
acid 22,06 mg/100g =22 YERITE £ AFolM=

Az Hsl FFAEE AARRRIN ZE 7]

>

M EFo] feldo g wA YERG e, o3k 2o
T GAelst Fo] 71t R BallEHA 1=els) &
Zo] =7 Vet A (Aida et al, 2007) 0.2 AFEFCH

Table 4. Contents of organic acids in freeze
and hot air dried Brassica juncea L.

(mg/100g)
Hot air drying

Freeze drying
14877 13276 + 2.64

Organic acids
Citric acid 102.17

I+

Malic acid 81.43 + 2.74"  168.37 + 2.77
Succinic acid 4.03 + 043" 22.06 + 2.22
Formic acid 3.20 + 0.06" 453 + 0.27
Acetic acid 0.64 + 0.07"" 1.52 + 0.12
Total 191.47 329.24

All values are expressed as the mean + SD of triplicate
determinations.

p<0.05, ""p<0.001; Significantly different by Student’s
t—test between freeze drying and hot air drying method

Ab 3%, tHEESAL 358 EFsle] & 1952
Appito] At $A0E 3 GEAZL AR
Qo] EBIAMARE palmitic acid, heneicosanoic acid,
stearic acid €20 &2 Ho| ZZEQJ}. 5=3}, heptadecanoic
acid, behenic acid, tricosanoic acid, lignoceric acide
FAz0 vs) BEDET DA FelHo
2 5o s ekl SREEsA e de
almitoleic acid, oleic acid, nervonic acid’} &2
o vl EQE AN flHo 5
RS VRIS e sl ke 54

o} gEzizst HAzM oA BT y-linolenic

rlo
e}

£

BN

7

¢

ro

o

acid, linoleic acid, linolenic acid £ 2 &%
o] = linoleic acid®] ko] FAAZ vls] =A%
g AARY AN fFelHor w2 S Btk
Bhandari et al (2015)2] -] oJ8ld, HE2Fe] 9

S22 At 242 palmitic acid, linoleic



acid, linolenic acids <=0 2 o] AZE 1, &
ES A} PRES AR HE) 3304.67
S 47.90~65.89%F ERSIAL Qlrial vERY £ o
Aol fAEE RO fraltel A Tke
B Aradet ke AolE Hlou, palmitic
acid(3.1%), oleic acid (36,7%), linoleic acid (16,2%)
5ol A& =3t Barskirk(Kim et al. 2013). &
A7Ad, FATR 92 EFAES HARS] BFolA
T A vl & BESPAAY] BlEo] 5000 A
£ 2pAJ, Azl dagle] ARl JdetA e

S4ghe wolFeirka & % Al

fu

Table 5. Contents of free acids in freeze and
hot air dried Brassica juncea L.

(% total fatty acids)

Free acids Freeze drying Hot air drying
Caproic acid (C6:0) 0.98 + 0.047 061 + 005
Caprylic acid (C8:0) 035 + 001 035 + 0.02
Luric acid (C12:0) 0.36 £ 0.01 0.35 = 0.01
Myristic acid (C14:0) 142 + 007" 121 + 0.08
Pentadecanoic acid (C15:0) 0.19 £ 0.01  0.18 £ 0.01
Palmitic acid (C16:0)  21.12 + 0.53 1886 + 0.33

Heptadecanoic acid (C17:0) 0.42 + 0.03°  0.53 + 0.02

Stearic acid (C18:0) 516 £ 006 401 £ 0.04
Arachidic acid (C20:0) 0.84 + 0.01 0.83 £ 0.02
Heneicosanoic acid (C21:0) 16.27 + 0.30  16.23 + 0.48
Behenic acid (C22:0) 043 + 003" 053 + 0,01
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6
SANE Y Gz w2 ARl F)E #
A& Table 63} 2}, & 7714 e 40x% 4
7AA1e] 10,187.22 me, BFAZ3I A% 9,815.80
mgh 0 2 FAAZS AAR A =2 e Ve
Witk sA0zES A0 B9, K ol 5463.33
mgnS 2 7P Hol AZEUAL, RO = Ca, Na, Mg,
Fe, Zn, Mn, Cu £o|dth. G371zst AAzIle] 74
% K $Fo] 6289.00 mgn® 71 wol HEHIAL
Ca, Na £22 =7 UERITE 5 AHHa et al. 2009)
o] W1 27 FHES 3749 A, K 832,50 mgh,
Mg 342,85 mglh, Ca 274,30 mgl, Na 188.45 mg,
Fe 7.52 mg%, Zn 7.22 mg%, Mn 2.75 mg%, Cu 0.98
mghe] Frs vERfo] ARGl 4% 3 TATx
o W 71 235 vhas Aolrt d2S & A
o} B2F8] RHlee et al, 2009)9] A= K 794,16
mg%, Mg 369,96 mg%, Na 16,24 mg%, Fe 6,61 mg%,
7n 5.43 mg%, Mn 2.36 mg%, Cu 0.34 mgho &2 Hil
sheith. a5 go] Ql(Park et al, 2015)9] ¥/ kS
B8 A3} K 5.96 m@h, Ca 1.79 mgueO 2 B 74
o} v zfold Bt olde] AAER B ul, 54
2 GFxg AARKLS v sl 21 g

B} Cas] o] FrhHOE e Aow FA,

Table 6. Contents of minerals in freeze and

Tricosanoic acid (C23:0) 0.53 + 0.02 234 £ 0.02
Lignoceric acid (C24:0)  0.33 + 0.04" 084 + 0.02
Saturated 49.29 46.9
Palmitoleic acid (C16:1) 024 + 001 035 + 0,01
Oleic acid (C18:1n9¢c) 0.69 + 005 113 £ 0.08
Nervonic acid (C24:1) 020 + 003" 026 + 0.02
Monounsaturated 1.13 1.77
Linoleic acid (C18:2n6¢) 10.71 + 047" 12.84 + 0.67
Linolenic acid (C18:3n3) 0.25 + 002 031 + 0.04
v ~Linolenic acid (C18:3n6) 38.39 + 0.74 37.75 + 1.07
Polyunsaturated 49.59 51.25
Total 100.00 100.00

All values are expressed as the mean + SD of triplicate
determinations.

"p<0.05, “'p<0.001; Significantly different by Student’s
t—test between freeze drying and hot air drying method

hot air dried Brassica juncea L.
(mg%)
Minerals Freeze drying Hot air drying
Ca 3881.00 + 63.32°  2592.00 + 50.27
K 5463.33 + 52.73""  6289.00 + 58.13
Mg 572.67 £ 9.02° 52356 + 8.96
Fe 2414 + 078" 930 + 0.20
Na 23267 + 32177 39532 £ 4.86
Mn 472 £ 0.02"7 3.15 £ 0.08
Cu 047 £ 0.02 020 = 0.04
Zn 822 + 0227 327 = 0.07
Total 10,187.22 9,815.8

All values are expressed as the mean £ SD of triplicate
determinations.
"p<0.05, "p<0.001; Significantly different by Student’s
—test between freeze drying and hot air drying method
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7. HIEf2I 2N

FANZE g GFx wE AARRl] HlE] &
212 Table 73 2t} HlER] G= tiE29] 7849 &
AshAlolar, HlER! B A&A ISR lipid
peroxidation © 2FHE] A XS HEs|Fe gJeks gt
THKim 2011). F27123 A AR vle] ¢ k=
< 492 48 mg/100g, HIEFT] E2] E=FE 6,59 mg/100g
o2 AZHAE TS GARRIe] vER] C &
e 552.27 mg/100g, HIEFT] E9| =k 10.84
mg/100g o] o, FAIZz vj3| FFxgE A
ZtollA] HIER] Co} E9] Fhgo] froldo s #drt. A
A} A2l 2] (Cha et al, 2013)2] 712149 1]
P C 3k 231,36 mg/100g, H[EFTI E 3hke 0,17
mg/100g0 2, & Aol ARE-H A ARl o] A A7
o} tha 2polE YERNICE

Table 7. Contents of vitamin C and vitamin E in
freeze and hot air dried Brassica juncea L.

mg/g, T FEE9] & flavonoid $FHFS 15,30 =
1.35 mg/g, et Sk A FE=0] 27} 13.34
+ 0,58 ¢ 13.08 £ 0.37 mg/ge® W}t
polyphenol 3}3HE-2 21EAo] de] Bxso] it
o2l phenolic hydroxyl(-OH)E X38sle] of2] 3}
G=3t A Agtel kst 5k 9 ek, g 29
-2 YeRITHCha et al. 1999; Tu & Foo 2000). Z2}
H 0| =(flavonoids)i= polyphenold]] €3hk= AJ&E-0
2, C6-C3-C62 7|RFF o8 &= HEA 329
FHolH, BANAFS a0 Al dES
Stk 4 A ATHKim et al, 2012), & ATollM=
AAzRe] e Akt A= HlE =2 F
polyphenol & % flavonoid g R0 24 kAt
shAlRA ARl BT s AR Al Er

Table 8. Total polyphenol and total flavonoid
contents of freeze and hot air dried
Brassica juncea L.

(mg/100g) Freeze drying ~ Hot air drying
Frecze drymg** Hor air drying Toral polyphenol 3y o6 1 993 21201 + 16,95
Vitamin C  492.48 + 8.98 552.27 + 5.08 (mg TAE/g)
Vitamin E 6.59 + 0.30** 10.84 + 0.39 Total flavonoid 84.81 + 058" 125.04 + 0.23
(mg RE/g)

All values are expressed as the mean £ SD of triplicate
determinations.

p<0.05, “"p<0.001; Significantly different by Student’s
test between freeze drying and hot air drying method

8. & polyphenol ¥ & flavonoid &%

FANE 9 IFdFo] wE HAARIe F
polyphenol & % flavonoid =& Table 73} 2T},
FAAZ3 ZAARIe] % polyphenol ¥ % flavonoid
2 77} 234.86 mg/g} 84.81 mg/golrt. B3F
FA%3 A7 2] % polyphenol 2 % flavonoid
Seke 27 212,21 mg/g¥ 125.04 mg/gl 2, &
flavonoid $eke FAAZHL IFAx3 AR
o] frofH o= =k}, shin et al. 20142 7= =5
9] Z polyphenol §Fo] 24,40 £ 1,24 mg/g, Z2H]

AR FZE2] F polyphenol & 23.97 + 0.46

gy

All values are expressed as the mean £ SD of triplicate
determinations.

"p<0.05, ""p<0.001; Significantly different by Student’s
t—test between freeze drying and hot air drying method

9. ABTS radical &AHs

ARz 4 dEAx wWE FH7Aele] ABTS
radical 227152 Table 73 2t} ABTS radical 271
£ potassium persulfate®} ABTS A]2fFo] ¥k-g35}o] &+
g Fol22l ABTS+o] A =Hn, Al59] gilsle e
3l ABTS+| ZAHo] o1& F4= X2 YeRdo]
rksle-S Eld 4= Qltkjo et al. 2014), FAAZSH
HAZSLS] ABTS radical 27455 S48 23, 0.125
mg/mL, 0,25 mg/mL, 0.5 mg/mL, 1 mg/mL FEol|4
217} 17.85%, 19.92%, 31.60%, 54.28%%5 Ho3FT




S AFAZE HAARRIS fl9) e FYUS s
Z7J8199S % 21,73%, 30.44%, 41.69%, 70.14%2)

& A=
53, 58z 4 Evzii?& @7%0‘0] L oEH

oz 3]-)\]—51. §1—)\‘]0] .—7]-0]-MG S 3
50% ABTS radical 275(1Cs0) S AXRRH 7%4— % A
Z AARE 0.8 mg/mL, GEAZ AL 0.65
mg/mLE FAIZe B3] dFxES HARIelA
ABTS radical 2759°] -3 Ao 2 YeEPRdt} Jo et
al.(2014) & WS o2& FEE2] ABIS radical £
As°] 0.5 mg/mLe} 1 mg/mL F=olA 212} 45.88%,
05.00%= #aEo], 2 A7Adte} =gt Y tha
%571] Hasgict, olefgt A= A vis)

Fz el ok A AR S =& F polyphenol %!
% flavonoid o] gHits} 2/ge) Pk F& A

A=
o= AlEEd.

l‘

Table 9. ABTS radical-scavenging activity of freeze
and hot air dried Brassica juncea L.

ABTS radical scavenging activity (%)

Concentration

Freeze drying Hot air drying

(mg/mL)

0.125 17.85 = 2.70 2173 £ 175
0.250 19.92 + 0.64 30.44 + 2.33
0.500 31.60 £ 0.66 41.69 £+ 0.82
1.000 54.28 + 0.82 70.14 £+ 0.38
IC50 (mg/mL) 0.89 0.65

All values are expressed as the mean + SD of triplicate
determinations.

Iv. 8¢k 9 Z&

2 A7e AARYE ol 8dte] Izt 54
AzRol M2 olgled ¥, & polyphenol =
flavonoid ¥=F & keSS vl =S
W ol whe AARKY ] NS A 'J 75_!?}, z=
A FAAZ AR A, 2L sk

Fae AFAE AARN felHow B vt

B0l 2 EPIXIQI0] Olafary A2 2 SMBIETH HIR 523

Z35-2 Az e fo
ao Aels 112 e, A7ls) el U

o] Agle] sucrose, fructose, glucose
o

0] waton), & ol 9 AR A
AQelA] k. AARLle] FRelolet B, BF

FAAZE valineo] Hgroln| it
?:l 2o 7}74 _‘::.}J\—O’Eq H].é—rdl_g]l__}\]“ci AZ Az}
ol glutamic acid7} 713 E=9kc), &

&, % ulgololiett W B4 ool
7_(_‘

AZE= leucine,

P

Re) g wE
AL =7 bt 710k
55 7]'7‘]7} A=EReH, & f71hke] ke 5481
3 2 AR (191 47 mg/lOOg)_H_E} FAz3 A
AZFSL (329.24 mg/100g)ellM] =2 FHds Hh
FAAx 9 FFAxs AARR S FE Ak
Z¥Z} citric acid®} malic acidt}, ZARF)S] Fa
Abake Azl Ad3igle] palmitic acid, oleic
acid, y-linolenic acid o™, U EEs}xHFAF L T}
ARTAPNY F GFE FAARUY BEAZ
& 2RI A e, ) mhe A
Aol F8 —‘?*7]@% K, Ca, Na 502 =& 3

& vejlen], % %713 deke FA0ES A
9 10,187.22 mg¥%, GEAZS HAAY 9,815.80
mghE 2AEY AAR AN w2 T YE
Wick. vlER co} Bo] Fhde wAzx ARl
Hlel A3z AAACGN B foldow &
t}. & polyphenol &#5& AxHol| e {2
Apol= gl om, F flavonoid FHge FA7IZSH
AR ETE dFAxg ARG A oo
ket HARFe] 50% ABTS radical 2271%(1Cs) 3

FA0E AAA] 0.89 mg/mL, GFAZE AAA o

O

QF Az

e

¢

l-N

9}\_

2
B HE
Hir o

1l

0.65 mg/mLE. FZAZ3 F A=l e] ABTS radical
o] B S Ao et o] A

BE] AARle] Azl whE o|gsA HE %
opgRe] WslE AuE A 9F
ol F2%, ohvl=at, f7Ih, HlERl ceh E9] g
5ol Az vjsl = Uekdet wEhA, A4
A o] 87k AR o8o] A7h At

Az AR
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