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Evaluation of Quality Characteristics of Brassica campetris L. Treated
with Environmentally-Friendly Red Clay-Processed Materials
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ABSTRACT Quality characteristics of Korean cabbage treated with red clay-processed materials (RCPM) were
evaluated. Two different types of RCPM treatments including a control were applied for the cultivation of cabbage.
General components, nutrients, antioxidant activities, textures, and sensory evaluation were assessed. For the nutrition
components analysis, RCPM-treated cabbage showed higher contents of potassium and riboflavin along with lower
content of sodium compared to the control. RCPM-treated cabbage exhibited higher total polyphenol contents than
those of the control, indicating higher antioxidant activities. For the textural analysis under refrigeration over 4 weeks,
RCPM-treated samples showed more stable textures based on higher hardness values than the control and RC. Results
of this study indicate that RCPM would be of benefit to produce high-value added cabbage of premium quality.
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rA o g2 9N AA s AL A Teket 0.6 me] WHE F
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mLE EebaTo] J&ato] AJdgNor ARgsiglon i
=8 M (Multi Element Calibration Standard 21, 100 ng/
mL, ICP grade, PerkinElmer, Billerica, MA, USA)¥} s}
7 ICP-OES(Optima8300, PerkinElmer)S o]-&3}o] &4
st A3 d 4 7] (plasma control gas flow,
Harrick Plasma, Ithaca, NY, USA)9] 25 %72 plasma
10 L/min, auxiliary 0.2 L/min® & 3} 1, RF power
1,450 watts, pump flow rate 1.5 mL/min& & 3}%t}. Z+
T4 89 AF 942 ZFE 766.490 nm, ZF 317.933
nm, A 238.204 nm, YEF 589.592 nm&lt}. 219 AH$-
E B A S o] &3to] EAE o THAl/ALe] A
#3333 = A (Optizen 2120UV Plus, Mecasys, Daejeon,
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tins—Junior 5(21)¢] WHO R F33 & uL A g=2n}
E# 9 (Agilent 1200 Series, Agilent, Santa Clara, CA,
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DPPH radical scavenging activity &H
DPPH(2,2-diphenyl-1-picrylhydrazyl) 2612 A2A S
2 A= gz &4 27E S35 Blois(23)2] WS
WEsle] Algstdt. A& 0.6 mLell DPPH solution(1.5%
10* M) 0.4 mL(Wako Pure Chemical Industries, Tokyo,
Japan)E& Eg3slo] AoA 3083 WA e & 517 nmell
A &3 =(Ultrospec 2100pro, Biochrom Ltd., Cam-
bridge, UK)E& SA433th A159 % 732 0~20 mg/
mLZ 3}%1 2™ ascorbic acidE ¢ FH T2 AFESIA
th. DPPH &l Zt 2745 778 5 AA kol we it
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0.5 mL2] 1 M Folin Ciocalteu(Junsei Chemical Co., Ltd.,
Tokyo, Japan)E 7}k ¥ Ao A 357F WAt} 10%
NazCOz 1.5 mLE 7}gh & Aol A & A7 X g of &
725 nmolA &#H=(Elisa reader, BioTek Instrument
PowerWave XS, Pascal Bio, Gyeonggi, Korea)& =73}
Aot FEEHAEE 0~0.1 mg/mLe gallic acidE AF&3}
dov F ZovE S A8 1 g9 mg gallic acid=

Jer .

FRAP(ferric reducing antioxidant power assay) &3

FRAP assayt Pulido®] W& ®dsto] AREaRltt
(25). 300 mM acetate buffer(pH 3.6), 10 mM TPTZ
(2,4,6-tripyridyl-s—triazine)®} 20 mM FeCl3S 10:1:1
H &2 E3ksto] 37+0.5°Ce 1583 W] & A8l
WESAl ot AR E EFFeko] Aol A 3023 HAIE H
593 nmol A &3 %=(Ultrospec 2100pro, Biochrom Ltd.)
£ 543189, XA B R FeS0E AFE-319lon o] & o]
galo] e FFEFAA sl AR LY S kst
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AE Aie FarisdaxE edidlew 2 aF 3t
9] 2] Minitab versionl16(Minitab Inc., State Col-
lege, PA, USA)E AH&-38to] £2HE4] shal 7t o 1he] -9
A 1SS 433 ¥ Duncan's multiple range test WH <
AHEE] 5% FEAlA frolds AT dddew
W ZF Jxr & 223 3UkE AlQe RE S 3RkE
FAT Fe] 74 54 7] AHdAE RgeR
B3 FAE X (principal component analysis)<
XLStat version2012 for Windows(Addinsoft Inc., Paris,
France)& AMg-3lo] A3t

rE 1

Aot Y o
ol YurgE 2

oyt
T BE 9 AFE Ao oo uhE wjFe Ay
¥4 A Table 13} 2th RE B4 5o gsje] 2
#9149l Aol B Wolx| BROLH0.05) 7HE

£ Aele] 2w o] BATsh FE Helel] vt
of £& AFol vehgrh. ol AW, 944, BALF,
(213

h

, GEROIE, 713, A8 M Sol {718 vl

Table 1. General components of cabbage (unit: %)
Control RCY RCPM?
Total moisture  95.2320.11™  96.29+0.10  95.34+0.68
Total crude 1.68+0.13™ 1.00£0.08  1.34+0.37
protein
Total crude fat  0.00120.00™°  0.003+£0.00  0.01+0.01
Total crude ash  0.56+0.02™° 0.45+0.05  0.68+0.11

YRC: red clay.

RCPM: red clay-processed materials.
*Meanzstandard deviation.

“NS: not significant.
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Table 2= FE Ao wp& v 15
HIERT 4] A3E YERTh 5714353 v
o] oA 7H FE ATt 52 I
t}. K, riboflavin, niacin® o] 78 I E A7}
FA g TR st folF o R o F2 FqEFS UEYl
w3l 7by FE A2+ K, Ca, Mn, thiamin o] A=
A FEY FYHoR B FXE YL ZES] U
27 S 195.70£0.40 mg/100 g, ASRE A 2|79 7}
T FE AT e 247 168.10+£1.80 mg/100 g,
208.70£1.10 mg/100 go. & iz tju] zt7te] AP E,
7V FE AgTelA Ao E v & TS UEdd
o Wb YEFO] AH$- tgxTolA dHe 25.48+0.14
mg/100 g, BFE A2l 7k FE A olM 9 g
o 747}y 23.36%£0.21 mg/100 g, 15.59+0.17 mg/100 g&

2 PR, ARE AYT, HE FE AT £02 f9
49l Ao Hols AOR RASLh WEF drh AHE
DU 5 T W A8 Blo] g Ao ehtn
9o1k26-31) ZF HH S Qs LEF Bt A
ol olg nEgte] Gal BB 5ol Yol Weke A
w, A AL, 0371 2o ool FrhEEat A A4S
dgehis Ao WalATH32,39). 53 2F 43 St
oI At Ao—/g oA /14 & GEF A E% 2 renin-

angiotensin 7] %, Na-K-ATPase?] #}= % d3+4 =}
€& A4 prostaglandin®l ¢ J3FS W= Ao 2 1E
Woh34). wEhA 7 FE AAE Aus vl Z4F 3

Table 2. Selected vitamin and mineral components of cabbage
(unit: mg/100 g)

Control rc" RCPM?
P 24.59+1.39°  23.04+0.86°  27.40+0.26°
Mg 10.23+0.10° 8.87+0.10°  9.08+0.08"
K 195.70+0.40°  168.10+1.80° 208.70+1.10"
Ca 48.96+0.79° 33.75+0.03°  45.93+0.88°
Zn 0.24+0.02° 0.2240.00°  0.23+0.01°
Mn 0.15+0.00° 0.1240.00°  0.16+0.00°
Na 25.48+0.14* 23.36£0.21°  15.59+0.17°
Fe 1.01+0.43° 0.45+0.10°  0.61x0.06"
Thiamin 0.02+0.00° 0.001£0.00°  0.01620.00°
Riboflavin 0.03+0.00° 0.04+0.00"  0.04+0.00°
Niacin 0.030.00° 0.0440.00°  0.04+0.00°
YRC: red clay.

YRCPM: red clay-processed materials.

3)Mc—:anﬂtstandard deviation.

“Means with different letters in the same row are significantly
different (P<0.05).
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AFE} 713 FE A7 ?«1 HH% Al =04 riboflavin®]
2 747} 0.04+0.00 mg/100 g, 0.04+0.00 mg/100 g
2 g &2T H8te 2 S YERIAT Niacin 3%
S4 A3 gz, AFE AT, /M FE AT 44
0.030.00 mg/100 g, 0.04+0.00 mg/100 g, 0.04:£0.00
mg/100 g© & riboflavin $5 54 A3t} U3 Avts

o =
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DPPH radical scavenging activity X
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DPPH radical &7 32 Table 30 UERHl o =4
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FE A2 79 1Cs50%k(7.95£0.04 mg/mL) T} fr2] 4o =
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Table 3. DPPH radical scavenging activity, total polyphenol
contents, and FRAP value of cabbage extracts by ethanol

DPPH radical Total
scavenging polyphenol ~ FRAP value”
activity contents (MFeSO4/g)
(mg/mL)  (ug GAE”/g)
Control 8.9840.22°7 4451035 2.36+0.08"
RCY 7.95+0.04° 9.15+0.47° 3.46+0.33°
RCPM? 8.82+0.16° 8.50+0.21° 2.96+0.06"

Y Amount required for 50% reduction of hydrogen donating
acthlty

Galhc acid equivalents.

Ferrlc reducing/antioxidant power assay.

YRC: red clay.

YRCPM: red clay-processed materials.

“Meanzstandard deviation.

"Means with different letters in the same column are signifi-
cantly different (P<0.05).
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Table 4. Hardness of cabbage according to storage cycle at 4°C

(unit: g)
Week Control RrRc" RCPM?
0 2,229+100%% 22894172 2,296+76.2*
1 2,423+110™ 2,784+148" 2,755+£95.5%
2 2,485+154™ 2,606+£76.5%  2,653+170*
3 2,448+73.6™ 2,358+77.7%  2,697+111™
4 2,004+141"° 2,256+72.1%°  2,625+162*
YRC: red clay.

YRCPM: red clay-processed materials.

3)Meanﬂ:standard deviation.

“Means with different capital letters in the same column are
51gn1ﬁcantly different (P<0.05).

*Means with different small letters in the same row are signifi-
cantly different (P<0.05).
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HHE (2 Aol A n=6)F FT7HA7IH #94 o) 7}
Ad Ao ghgE), B9 by FE A A 2
i iyl 0~357ke] A7I7E St M B2 dddE
F2E dAsL g o2 Ve A 9low, AIE v
= A wFe vlE) 25 AGVIIAAE A FAE
UEh = ZoR Helvh weba] Awbd o 7hE FE A
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Table 5. Sensory attributes intensity of cabbage according to storage cycle at 4°C

Attributes Product” 0 week 2 week 4 week
Hardness Con. 7.3542.32444) 5.45+1.50% 6.7042.74
RC 6.95+2.544 6.80+2.53% 6.35+2.13*
RCPM 6.6042.56™ 5.2542.12" 6.25+2.65™
Crunchiness Con. 7.35+1.394 6.60+2.26™ 6.95+2.194
RC 7.55+1.58" 6.75+1.86™ 6.75+2.314
RCPM 6.85+1.75% 6.65+2.30™ 6.50+2.46™
Fibrousness Con. 7.85+2.234 6.10£2.17% 6.70+2.62
RC 7.501.98 7.45+2.65™ 6.10£2.57%
RCPM 7.701.72 6.05+1.90" 6.10+2.725
Moistureness Con. 5.80+1.614 6.10+2.13 5.55+2.044
RC 6.70+2.29 5.65+1.935 5.40+2.19
RCPM 6.25+2.09 6.45+2.26™ 5.55+1.82
Con.: control, RC: red clay, RCPM: red clay-processed materials.
Y)Mean+standard deviation.
Means with different capital letters in the same row are significantly different (P<0.05).
“Means with different small letters in the same column are significantly different (P<0.05).
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Fig. 1. Principal component analysis of vitamin, mineral compo-
nents, instrumental hardness attributes, antioxidant measurements,
and sensory attributes. RC, red clay; RCPM, red clay-processed
materials. General components: ash, protein, fat, moisture. Vita-
min and mineral components: P, K, Mn, Ca, Zn, Fe, Mg, Na,
riboflavin, niacin, thiamin. Instrumental hardness: hardness I.
Antioxidant measurements: FRAP, DPPH, total polyphenol con-
tents. Sensory attributes: moisture S, fibrous_S, hardness S,
crunchiness_S.
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