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Quality Characteristics of Hot-air Dried Radish (Raphanus sativus L.) Leaves

Kyung-Hyung Kuf, Kyung-A Lee, Young-Lim Kim and Yong-Whan Lee
Korea Food Research Institute, Gyeonggi 463-746, Korea

Abstract

The composition analysis of various radish (Rapharnus sativus L.) leaves and the effects of drying condition
on the quality characteristics of hot-air dried radish leaves were carried out by a response surface methodology.
Independent variables put in drying temperature (X;) and drying time (X3), dependent variables put in color,
calcium, iron, vitamin, etc. In the proximate composition of radish leaves by varieties, there were no significant
differences in the ash, protein, lipid, calcium and iron content of samples, but there were significant differences
in the vitamins, chlorophyll and color value of samples. The quality characteristics on dried radish leaves
by central composite design, it was significant value on the moisture content, chlorophyll and color value
according to drying temperature and drying times. But there were no significant differences in the contents
of calcium (31.41~35.80 mg/g, dry base) and iron (0.21~0.29 mg/g dry base). The multiplex regression
coefficients analysis were calculated with independent variables (X;, X») and dependent variables (moisture,
chlorophyll, color value). The calculated coefficient correlations for the each samples were R?>0.97. The effects
of drying temperature were greater than drying time in the total chlorophyll content changes of radish leaves.
Based on the present study, the optimum drying condition for the lowest color changes and effective reduction
of moisture of radish leaves were expected to be 5~6 hours at 70°C.

Key words: radish leaves, drying condition, quality characteristics, response surface methodology

M B

T (Raphanus sativus L) $2jubele] i A3 31
U2 F=rell A oln] 714 110087 ol A 400874 o] 4 A
d3E ool @ F7 A= AR 71 Z0] 9z, -t
2 AFAId e FolA =l F mE Ad e A}
2asEdd Aew AL

20039 % AHEEA R Bas § AAakske] 1561 E, wl %
Ak 2678 L2 W Aol AR, AA A Ak
] F-5 10~15%, viF= 25% Wl9E AA|sk2 9le] $-2)
et ob o] RS BT gleng FA A
o 48F AR AFDEHD. AdH A AZAA
Azrt ARR AeAe) A, B2 JERe} P Sl
2 F8% HAE AR = FHL AF, AR, vlEnl
Ast C, Ao AR FW5HA hsta gleh2). 2 Ak
A 3t A gubyg o] w2 AlA o Aaglo] Aok
E AAA GA FYFE F e Flel e 5o
Aafizt chg AAbE = Al7lel g A2AA A3 &
43 A niAtel Al dd WY FFE 5 dohe A
*Correspondjng author. E-mail: khku@kfri.rekr
Phone: 82-31-780-9052. Fax: 82-31-709-9876

Az 29 543 Frle Agho g Az e gt 40

Ao fale] A=z et Az A¢ ezl

u)ste] AEAZ o) FUST Al&eA AR & 9

e 2 o) At glont, WA sh AxzAle] o

AE AL WA o) Aty L 2A0) eyEnz
429 Azzdel Bashch

o] 43t ~¥ g8 9 microwave® H XA, 74k 34k
5 o]-43 pH 2AGTQ), G, vl §, 34k, B3,
22| 59 HAE AL F dFA2T AT A=
A ATF(4-6) o] R}, ey FAC #I A
ZEjuhyel wtE A4A e T = sin -3
et 2 g JJAEZANQ) 4 ALBE ALE5H7] §)6)
ol 4] il AE 53 AFB9)7)F HaEH S o),
ol WHF =& naud 7o) gl

=

¥

2

2

IR 1 R (S o e .
oo g W o

3
ol
o)
By
B
o)
2
2 &



2]
=

X

F

ol ditH
[=a=|

=S
Bl AFSE A& 20041 59 el A xE A A oA
83 BT F 259 BEFRLD), 9ETRL2), ALF
<RL3) 2w FRLA 119 FAHRE AAkellA 52kt
Far 5 vl ERLEE AFuel APARRE
}%s}aiu}.

o
i

o] AWAIHE-S AOACHHY (10)l 9] 3}ed

105°Coll A ko] A =8 ZAxsho] A
A M2 2 microkjeldhal® ol o] dfod z=ytwlal &
12 soxhletFEH, 382 550°CollA] 3| 5}A|A A &3}

oX‘;‘., F{U’-

i
i

sponse surface methodoloty, RSM)< ©]-£-3}¢]
(11,12). £A13+4 A & (central composite design)el 2] 3}
Table 13} Zro] 3 d¥Ax 22X)e A=A7
(X222 3, v A S 7|Fo2 AR E 60, 70,
80°C, AZRA7+2 2 4, 677 s} v Eeka g =X
+ B2 B 12 AAs 3d4eES AAT 54 250~

A7) (AT, DS-1100) 2 Azslgdc). olu) A& A=
T AA " ve} 33 Wil Az ARE -20°C
A A A=A Az Agsiglch

ME
Are Azzd M $4 AAT AN A 2 ¥
7] 109 ¢19) A4 5 cm, ol 5 mme] 4 Fohse

2 =3 A=A (CE-310, Macbeth, Minolta, Japan)&- ©|
4-8+o] Hunter value) L, a, b %3} JE z+-2 +3k3ch13).

za HE P
54 A d @9 AOAC Wil o= Aaksisivt
Z 2 A AFE Y AR AR 5 RS AA

Table 1. Experimental design of the coded and composite
design matrix using drying temperature and drying time for
radish leaves

Design point  X; (Temperature, °C) * Xz (Time, hour)

1 -1(60) -1(2)
2 1(80) -1(2)
3 -1(60) 1(6)
4 1 (80) 1(6)
5 0 (70) 04
6 0 (70) 0(4)
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Table 2. Proximate composition of various radish leaves
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Proximate composition (dry base, %)

Varieties? Moisture. (%
anehes oisture () Ash Protein Lipid Dictary fiber  Carbohydrate
RL1 93.00+0.02%? 19.73+0.10° 21.79+0.02 2.86+0.01° 30.22+0.26% 25.40 £ 0.09%
RL2 92.60+0.02° 20.60+0.23° 19.5240.38 2.70+0.02° 33.13£0.56%° 24.05+0.29%
RL3 92.80+0.01° 17.72+0.01% 23.03+0.73 2.81 +0.01° 29.29+0.65° 27.09+0.35"
RL4 92.90+0.02 18.7320.08° 20.84+1.18 2.820.03" 34.32+0.52% 23.29+0.45°
RL5 87.5740.03° 16.07+0.03 20.09+0.46 1.6240.02° 35.50+0.56° 26.72+0.27°
YRL1: Kwandong, RL2: Yongdong, RL3: Chongilpung, RL4: Tamsureun, RL5: Minongdanbaek.
“Values with different alphabets in a column are significantly at p<0.05 by Duncan’s multiple range test.
Table 3. Mineral, vitamins, chlorophyll and color value of various radish leaves
Varieties
RL1 RL2 RL3 RL4 RL5
Mineral Ca 30.33+1.39%Y 29.08+0.12° 25.46+0.10 2858 +1.49% 32.13+1.32°
(mg/g, dry base) Fe 0.21+0.02* 0.2440.05 0.23+0.05 0.22+0.02* 0.28+0.02*
Vitamin B: 0.0220.001° 0.0320.001° 0.02+0.001% 0.02£0.001° 0.0220.001°
(mg/g, dry base) B: 0.14+0.002° 0.13+0.002° 0.12%+0.001° 0.160.001° 0.15+0.001°
/8 C 0.05£0.001° 0.04£0.001° 0.05+0.001° 0.04+0.001° 0.06 +0.001%
Chioronhwll Total 60.95+3.50° 50.10+2.10° 65.58+4.50° 63.99+2.11% 26.68+5.10°
(g dri’] ybase) a 4362+2.14% 35.79+151° 47.02+150° ©  49.87+1.03* 19.44+1.94°
&/8. b 17.38 +1.40° 14.34+0.97° 1871+2.10° 19.16 2,517 7.26+0.86°
L 54.35+0.08° 55.18+0.01° 51.63%0.01° 53.27+0.01® 37.76+£0.01°
Color value a -10.73+0.05° -10.90+0.03° -10.18+0.02° -1054+0.02° -8.24+0.02°
b 17.90+0.06" 19.05+0.02° 16.51+0.01° 17.77+0.01° 12.06+0.05°

YValues with different alphabets in a column are significantly at p<0.05 by Duncan’s multiple range test.
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Table 4. Effects of drying temperature and time on the mineral, chlorophyll, color value of dried radish leaves by model
system

Samplesl)
Control 1 2 3 4 5 6
Moisture (%) 8345+1.48% 7737+3.09° 66.7011559° 4656+13.84° 1035+1.890 37.06+1.89° 37.09+0.07°
Mineral Ca  3213+431* 3639+539° 31.42+099° 358070.39" 3228+1.94% 3274+237° 31.80+1.39°

(mg/g, dry base) TFe 0.28+0.11° 0.26+0.13° 0.21%0.21* 0.29+0.26° 024%+0.09° 021£022° 0.21+0.13°

Chioronhvll Total 25.39+201° 50.30£3.10° 2153+031° 3931£1.03° 2848+320° 21.30+150° 21.35+2.11°
Py 1960+1.05° 39.18+1.25° 1869+2.10° 31.70+150° 2469+530° 16.75+250° 17.10+3.05°
b 5794295  1112+3.10°  284+094° 761%x210° 379+t095° 454%0.75°  4.15+1.01°

L 37761002° 5240002 4300+001° 4637+001° 57.38+003" 4407+003° 45.89%+0.14°
a “824+003" -779F004" -447+002° -444+002° -480L£001° -6.83+0.03° -618+0.04™
b 1206£0.05° 17.1040.05° 17.80+004* 1447+002° 1447+002° 17.41+0.03° 17.41%£012*

AE? - 17.39 14.03 1152 22.02 9.98 11.64
YControl: Minongdanbaek, 1~6: pre-treatment samples by experiment design.

iiValues with different alphabets in a column are significantly at p<0.05 by Duncan’s multiple range test.
4 E= { (LsamplefLStandard)z'F (asample‘<r:lstanclalrd)2'F (bsample"bsta.ndard)z] 2

(mg/g, dry base)

Color value
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70°C, 80°Cell A Ax3 Al aTHr)l Aubd o Jo of wel fozial Abols B i, FREE I o
e 2k o) Loey 5(20)9) BEFe] F2AE 100°CH) Ao} Sxiulgole] o538 A A & sl tH(Table 5). %
A 37E7 st S Ao 90%7) g gl LA Azxz W <=(independent variables)®Z 3}

R} §AFSHA & AlgA vy 2o Axexe)l X7k A, F 2 A% FAZE T (dependent
7kl wet A FR2d] Al A o 4 99l variables) 2 3to] 3|7 #4 8 A3} AARAE el R
b Axe] A$ 9] E VehlE Lae AR 37764 kol 097 ooz Egkth o)

nlste] AxAeld upe} Aubd o g Zrlelgly, M ES variables)dl AxLr9} A2A &< (dependent
el —agls Ax2m7t 7S d2Te] 8240 variables)?!l & 2] P E A Ao Z JTFE F= A
A -444~-480°0.% Frasgivh. FAEE vehE bake & HlETh
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Table 5. Effects of drying temperature and times on the values of regression coefficients calculated of radish leaves

Independent variables Regression equationl) R’
Moisture = 37.06—11.72X1 — 21.79X5+ 13.18X:>— 6.38X1 Xz 1) 0.99
Chloroshyll Total = 21.30—9.30X; — 110X+ 13.61X,° + 4.49X: X 2) 0.99
phy a = 16.75— 6.88X, — 0.37X> +11.83X,*+3.37X1X> @3 0.99
b = 454—3.03X;~0.64X2+1.80X:*+ 1.12X1 X2 4y 0.99
L - = 1081+ 1.79X, +0.53Xs +5.43X,% + 347X Xz (5) 0.98
Color value a = —6.51+0.74X; +0.78X2+1 .13X12 —0.92X1X2 (6) 0.97
= 17.4140.78X;—1.49X>— 1.45X1?* 0.17X:X> (7" 0.99
JE? = 9.77—0.29X; — 5.04X2+47.15X,* + 15.11X: Xz ®" 0.98

;Xli drying temperature, Xo: drying time. ‘
. AdE= {(Lsample - Lstandard)2 + (asample - astandard)2 + (bsa.mple - bstandard)2]l/2-
Dependent variables (X3, X2, Xi%, X1X2) mean significant at p<0.05.
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Fig. 1. Response surface and contour plot calculafed by drying temperature and time in moisture contents, total chlorophyll
and 4E of the radish leaves.
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