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Comparison of the Quality Characteristics of
Kimchi Cabbage (Brassica rapa L. spp. Pekinensis) by Month
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Research and Development Division, World Institute of Kimchi

Abstract

In order to compare the quality characteristics in accordance with the cultivation period of Kimchi cabbage, the
growth, physicochemical, and microbial characteristics of Kimchi cabbage were analyzed and cluster analysis was
performed. The cluster analysis produced 5 groups: May-June (I), July and October (II), August-September (III),
November, December and January (IV), and February-April (V). The classification coincided mainly with the culti-
vation type of Kimchi cabbage. The characteristics of each group were examined through principle component anal-
ysis (PCA), and the results showed that the number of microorganisms in (I), the water content in (II) and (III),
and the weight of head and free sugar content in (IV) and (V) were high. For the quality characteristics of the Kim-
chi cabbage, there was a high correlation between the head weight and the head formation index and between the
solid content and the free sugar content. In particular, the solid content and the free sugar content can be expressed
by a regression equation as Y (free sugar content) = 0.8195X (solid content) — 1.2451, and it is expected that the
free sugar content can be estimated from the solid content of Kimchi cabbage. The quality characteristics of Kimchi
cabbage by month based on this study are expected to be utilized as basic data for manufacturing kimchi.
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Table 1. HPLC analysis conditions

Parameter Conditions

HPLC system Dionex Ultimate 3000

Column Sugar-pak (300x6.5 mm, Waters, Milford, MA,
USA)

Mobile phase Water

Flow rate 0.5 mL/min

Detector Shodex RI-101

Oven temperature 70 °C

™ Bio-LC (ICS-3000, Dionex, Sunnyvale, CA, USA)E
o] &3l B3It Ald-8 A3 589 10 uL¥ HPLC
injectorol] FYU3F] L peake] WA ol HFAS
Wigsio] 2T RO AL, $A1E 918 HPLC

Z71& Table 13 Z2tH(Choi et al., 2016).
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I S8 K BM™ Petrifilm, 3M, St.Paul, MN, USA)ell
3FA ). F S (Aerobic count plate), f+2FF<=(Lactic acid
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Table 2. Growth characteristics of Kimchi cabbage by month
Month Cultivar Number of leaf Weight (g) Height (cm) Width (cm) Formation index
January Hwipalam 32.0+3.6™" 5,034+945° 31.5+1.4® 18.4+1.6™ 20.1+2.8°
February Hwipalam 23.0+1.0% 4,470+:488% 32.0+0.0° 21.7+2.1% 15.9+1.1%
March Hwipalam 24.0+1.7% 4,490+756™ 30.7+0.6™ 21.3+1.5% 16.3+£2.2%
April Hwipalam 26.7+£2.3% 4,056+392% 26.7£1.5% 17.3+£0.6™ 18.5+£2.1®
May Choongwang 29.3+0.6™ 2,868+155" 26.0£1.0% 16.7£0.6 16.0+1.07
June Choongwang 26.7+1.2% 3,628+210" 29.7£0.6™ 19.3+2.3%* 14.8+0.4%
July Choongwang 25.7£3.1% 3,291454 29.7£0.6™ 20.0+£0.5% 13.2+0.5%
August Choongwang 21.7£1.2¢ 2,4714272% 28.6+0.8"¢ 13.1£1.9% 11.9+0.8%
September Choongwang 22.0+1.0¢ 2,138+66" 27.1£0.9% 12.8+0.8° 10.8+0.4°
October Choongwang 24.0+£2.0% 2,4714343% 24.0+0.5° 12.9£0.1% 13.4+1.8%
November Hwipalam 33.345.5° 4,041£267* 30.2+1.7* 16.8+0.4™ 17.2+0.8"*
December Hwipalam 28.7£1.2% 3,710£558" 26.1£1.3% 15.7£1.3% 17.7+1.8"

All values are the mean+SD.

" Value within a column with different letters are significantly different (p < 0.05).
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Table 3. Physico-chemical characteristics of Kimchi cabbage by
month

Water contents Soluble solids

Month (%) pH (%)
January 93.1+0.8" 6.63+0.26" 5.30+0.24"
February 92.4+2.8" 6.20+0.07% 5.13+0.10°
March 91.5+1.2% 6.45+005" 5.14+0.10°
April 93.1£0.9* 6.27+0.02<% 5.84+0.31°
May 93.7+0.3" 6.51£0.02 4.41£0.13<
June 92.5+0.1* 6.44+0.04" 3.95+0.13%
July 94.2+0.2° 6.37+0.02" 4.40£0.21¢
August 96.4+0.5" 6.19+0.02° 3.37+0.06"
September 97.0£0.1° 6.39+0.03" 3.68+0.16
October 93.8+0.3" 6.36+£0.07%  4.55+0.23¢
November 92.2+0.3* 6.47+0.04" 5.71+0.24*
December 92.0+0.1* 6.40+0.02" 5.50+0.15®

All values are the mean+SD.
" Value within a column with different letters are significantly different (p
<0.05).
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Table 4. Free sugar contents of Kimchi cabbage by month

R G vl olstd 54 A3tE FHS, AF
Eatee R SN 7123 AL el Bl
=3 F4o) 95 Ao Azt

|__)|\_1
48 wFe] vgE £E BA oHe Table 5 et
o}

YA 455 4.80-6.08 log CFU/gZ EA A+t 6
43+ 79 w57}t z+2t 5.44 log CFU/g, 6.08 log CFU/g=
[e)

TFE 2.13-478 log CFU/gE EAH A= 590] 4.78
log CFU/gZ =t 390 2.13 log CFU/gE 7H4 Sttt
ZaF AR BN =2 713 AL S
A e AR HAARE daaAlrE $E] dAsA =
RohTh A ZRE AMEH = NAFES 2.54-527 log
CFU/gE A= A= 293 390 712t 2.78 log CFU/g,
2.54 log CFU/g2 SSk3 9¥o] 527 log CFU/gE 714 =
et AFFIE 2.53-4.47 log CFU/gE HA1H Q&0 49
°] 4.47 log CFU/g= 7F¢ =%l 19°] 2.53 log CFU/g2
2 7P Eded AE 2, 3, 4¢ wiFe 19ET
A7 "AA F7eks 43S YeRi AT Min et al.
(2020)¢] Aol W= FuF F7IAG Al g7 12
log CFU/g 7t S71std=tl oloke dx]sh= Aol
Aol mE Sk w3l el mAdE JrE A
(Oh et al, 2017)°] W= #jF 100 cm® T HEHS F
45 = 2.2 logCFU, Ad4F+= 1.7 logCFU, W2
1.0 log CFUE, & 7oA HAEd A= ¢ 47 2
o5 HeH ol AujAl7Ie} mE o] E2 9l
o] A=Al AAE Freo] xpolql Zlom AztET) v
A Foll= M7 Tkt a7t 22 w52 4

A% Azl 7] wEahd 12 el siek e B
ol BN QY ALA G HE FE Fol WA
Qo] 3, 49 WFE PAE AEY A9l ol g

Month Fructose (%) Glucose (%) Sucrose (%) Total free sugar (%)
January 1.15+0.02¢Y 1.23+0.05>¢ 0.11£0.02° 2.49+0.05"
February 1.53+0.07° 1.81£0.13* 0.09+0.02* 3.43+0.21°
March 1.53+0.21° 1.61£0.31% 0.18+0.05° 3.33+£0.57°
April 1.83+0.05° 1.79+0.10* 0.22+0.04° 3.85+0.19°
May 0.95+0.10%% 1.09+0.11° 0.00+0.00 2.04+0.21%
June 0.87+0.02% 1.17+0.03¢ 0.00+0.00 2.04+0.05%
July 1.01£0.12% 1.22+0.16% 0.00+0.00 2.23+0.29%
August 0.70+0.01° 0.98+0.01¢ 0.00+0.00 1.69+0.01¢
September 0.79+0.12% 0.98+0.17¢ 0.00+0.00 1.78+0.29¢
October 0.99+0.10% 1.22+0.16% 0.00+0.00 2.21£0.25%
November 1.48+0.09° 1.67+0.10* 0.33+0.40% 3.49+0.24°
December 1.15+0.04° 1.65+0.16™ 0.10+0.02* 3.19+0.18%

All values are the mean+SD.

" Value within a column with different letters are significantly different (p < 0.05).
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Table 5. Total microbial counts of Kimchi cabbage by month
Month Total microbial count LAB count Coliform count Fungi count
(log CFU/g) (log CFU/g) (log CFU/g) (log CFU/g)
January 5.43+0.24®Y 2.92+1.33% 3.73+0.19¢ 2.53+0.46°
February 4.80+0.08* 2.2240.62¢ 2.78+0.08° 3.74+0.59%
March 5.68+0.21% 2.13+0.31¢ 2.54+0.05" 4.03+0.05%*
April 5.51£0.20" 4.21+0.08%° 4.10+0.02 4.47+0.08"
May 5.44+0.34% 4.78+0.52* 3.54+0.14% 4.41+0.27*
June 6.08+0.34° 4.45+1.07* 4.84+0.47% 4.14£0.31%
July 5.97+0.13° 2.99+0.01%¢ 3.33+0.31%f 4.1440.05®
August 5.40+0.08* 4.30+0.23™ 4.04+0.03% 4.12+0.06™
September 5.77£0.09" 3.59+0.20* 5.27+0.39* 3.89+0.02%
October 5.62+0.33" 2.63+0.33% 4.99+0.54% 3.74+£0.27%
November 5.63+0.26" 3.30+0.272 4.08+0.47" 3.10+0.66™
December 5.17+0.28* 2.9440.70 4.67+0.42%° 3.23+0.27>¢
All values are the mean+SD.
" Value within a column with different letters are significantly different (p < 0.05).
Table 6. Correlation coefficients between quality factors of Kimchi cabbage
: : - Formation Number of , , . Solid  Total free ~Total Lacticacid - -
Weight  Height ~ Width index leaves Moisture  pH content sugar  bacteria  bacteria Coliform  Fungi
Weight 1.000
Height 0.590*  1.000
Width 0.730%  0.664*  1.000
Formation index 0.910% 0.244  0.450* 1.000
Number of leaves 0.536% 0.084  0.169  0.648* 1.000
Moisture -0.637* -0.223  -0.597* -0.614*  -0.425* 1.000
pH 0.424*  0.129 0.146  0.459* 0.612* -0.214 1.000
Solid content 0.661*% 0.111 0.360* 0.758* 0.501*  -0.680* 0.210 1.000
Total free sugar 0.565* 0.216 0.425*%  0.582* 0.285 -0.634*  -0.057 0.860*  1.000
Total bacteria -0.260  -0.109 -0.054 -0.304 -0.044 0.164 0.220  -0.320 -0.406* 1.000
Lactic acid bacteria -0.270  -0.208* -0.311* -0.175 0.131 0.274 0.015 -0.416* -0.422*  0.206 1.000
Coliform -0.505* -0.588  -0.663* -0.282 0.031 0.362* 0.051 -0.280 -0.402*  0.302 0.360* 1.000
Fungi -0.387* -0.272  -0.015 -0.403* -0.517* 0.141  -0.491* -0.384* -0.185 0.246 0.353*  -0.149  1.000
*Value within a column are significantly different (p < 0.05).
g7t Zad Zlow Addr AA ARdA fElEe S #ET FEeE ST g s Jlow Addy
27 VAR e dad 9T F 5 JoBE, /YT
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A B4s s 2 434S Fig 201 Yepidth «
SEEY o] M| 24 A 1,2, 3,4, 11, 129 w39} 5,6, 7, 8,9, 108 ¥
4 v FAEA 7o) S ERls] S8l B 2 A UHINEY ole 7R EEFet B E viEE
AR A8 o 2 A= Table 63+ 722t} Pearson TR F o AFHes ERsIH 5-64(), 743
FEAT EAAS, eI AFEo] 091082 =2 A 109711, 8-9L (M), 11-129 3} 14(1V), 24 (V)E 52F
WA Jehle] FEo| F1A5E AT80] kR 2 0% e 4 AT o MF Y3 vwstw | 1§
2 o 4 Atk TAR T F 4T THE 08602 BulE, 1 TELS 2RI 2obee] 2R WE I 2
B ES S Ui 1¥E e 989 fEl 2 oAF 2BA WF, IV IES 7R EEE, Voils
9 e Sgeke WhoE AR A B8R £ & AR PREQT FAR BHS B 247t 28
sl LY P F HelD Py RAAAE FANS 9 BHLS [ AFLS WAE £ 0% I IFES FRIY,
2 YeEH, Y'Y $F) = 08195X(EE &) - IV, V IS 7F, FET T HEAe] e Ao
12451 (°=0739)% =2 HJAL o]& E&al wiFe] P2 BAHUT €8 w5 2542 olslshd sig 2171
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July August September November December
Fig. 1. Photographic images of kimchi cabbage by month.
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Fig. 2. Pricipal component analysis (a) and hierarchical cluster analysis (b) of physicochemical properties of Kimchi cabbage by
month.
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