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Abstract

Nutritional composition and physicochemical properties changes in mustard leaf kimchi were investigated during fermentation
of up to 3 months. The pH decreased, and the titratable acidity gradually increased according to increase of fermentation
periods. Fructose and glucose were the major free sugars in mustard leaf kimchi, and their amounts were significantly
decreased with fermentation periods (p<0.05). Lactic acid content showed a significant increase with maximum increase at
3 months. All types of kimchi contained 20 amino acids, but the content of most amino acid fluctuated during fermentation.
Except for K and Zn, the content of other ingredients including Ca, Fe, Mg, Na, Se were the highest in kimchi fermented
for 2 months. The unsaturated fatty acid of mustard leaf kimchi was higher than that of saturated fatty acid, and total fatty
acid of kimchi significantly decreased after 2 months (p<0.05). Most vitamin contents showed a tendency to decrease with
fermentation, in particular, vitamin B complex except for B, significantly decreased after 3 months (p<0.05). The results
provide fundamental data for determining the appropriate fermentation period to improve the quality of kimchi.
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2 dFoAe ASEE o A9 upFloA AlHEx
Ue AUAE A EE AMESIE e, AR 18 Sets
g &7]0l "ol Hastqitt %4477t w2t ZHXE AU
o] @A) 7|(Blixer”, Robot Coupe USA, Inc., Jackson, MS, USA)
2 vl sla, EZAAZX(FD5512, lishin Lab Co. Ltd., Dagjeon,
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YEEIH-70C)stAA Aol ARSI

A&o] A= S T(fructose, glucose, sucrose, maltose,
lactose), oFH|=Ak, FE XA methyl ester, -5-7]AK(lactic acid,
malic acid, acetic acid, succinic acid, fumaric acid), B-carotene,
HE}Y] By, By, Bs, Bs, Bs, Bio, BB}l C ¥ a, B, ¥, &
tocopherol 2412 ¢33t FEFEL Sigma Chemical Co.(St.
Louis, MO, USA)o|A] fLQlstglon, F71d AgS AT
HEFEL AccuStandard(New Haven, CT, USA)ZEE £
stch 1 9] Aok} g £4-8 EF Al 2K(Samchun Co.,
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3} pH 830] EHE=E 0.1 N NaOHZ ZA3st &, AH|% NaOH
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A& 5 gof| Suj9] SRF(WVE 7hHete] /e & 11,325
gol| A 20 <t A2 2] (Supra-21K, Hanil, Incheon, Korea)
sto] A 25 mLz2 83513t o] A 045 pm membrane
filter(Millipore, Bedford, MA, USA)2 o] }3}] HPLC system
(Agilent 1100 series, Agilent Technologies, Palo Alto, CA, USA)
o7 BXA3T)E Column carbohydrate analysis column(4.6x
250 mm, Waters Co., USA)S A}g3}H0oH, o]FAMS 80%
acetonitrile, 542 1.0 mL/min2 2735} RI detector(Agilent
1100 series, Agilent Technologies, Palo Alto, CA, USA)Z HZ
sheict
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AR 5 goll 10819 SFT(wWVE 71ete] SRt 5 11,325%
gollA 20& F¢t A& (Hanil)ste] A5HE HoF 50 mL
Z A3tk o] A8 0.45 tm membrane filter(Millipore) 2 &
15 &, HPLC system(Agilent 1200 series, Agilent Technologies,
Palo Alto, CA, USA)]| F¢3}o] BA351% T Columng Shodex
Rs Pak KC-811 column(8.0x300 mm, Shodex, Tokyo, Japan)&
AFESHA AL, O] FAMS 0.1% H:POS AME3Iglon, §42
1.0 mL/min®.2 st FYFL 20 uL2 3tgeH, uv
detector(Agilent 1200 series, Agilent Technologies, PaloAlto,
CA, USA)Z 210 nmo)| A HZE3}H T}

5. ol0|'cAb A

o)Ak ofu]l= Ak ELA 7| (Biochrom 30, Pharmacia Biotech,
Stockholm, Sweden)S o|-&3}o] B A5ttt A|E22t 6 N HCI
£ Hotol 10Co|H RAZIES ASRBHT T AF55
(R-210, Buchi, Flawil, Switzerland)3}$1.2 ™, 10 mL2] buffer”}
3 50 mLe| ZRso] Sal@ T ARSI Thrr
&8 045 ym membrane filter(Millipore) 2 &} 1}5}% 2 ™, cation-
exchange column(11+2 pm)S ARESte] EA431ch EF-dat
GABA 32 A& 5 gof] F7/4> 50 mLE 713 3, 11,325xg
o4 208 5 AR Hani) T T 45 50 mLE 3
g35to] BA4519th Amino acid analyzer(Biochrom 30)2 AR
stel Bastglon], 2 BB ARAL 2ok peak W
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Mg, Na, Zn2 Inductively coupled plasma spectrometer(ICP-

OES, PerkinElmer Co., Shelton, CT, USA)Z, Se2 Inductively

coupled plasma-mass spectrometer(ICP-Mass, PerkinElmer Co.)

2 A3l4rh ICP-OESE AHg3te] 43 2 Al F4

2L Ca(317.926 nm), Cu(327.393 nm), Fe(238.204 nm), K

(766.490 nm), Mg(279.553 nm), Na(589.592 nm), Zn(206.200

nm)°| it} 7]7]1 84 F refected powers= 1.4 kW, plasma flow

10 L/min, auxiliary gas flow-= 0.2 L/min, nebulizer gas flow

= 0.92 L/'min®]%l 2™, ICP-MassS AFE35le] BA3F SeQ

refected power= 1.4 kW, plasma flow+= 18 L/min, auxiliary gas

S|
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A 345} 0, microwave digestion

Irorr

flow+= 1.5 L/min, lens voltage= 9.6 V, nebulizer flow+= 0.92
L/min, dwelling time2 100 m/so|${th
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=& B3}, NapSO2 B4AlA 20 mL2] n-hexaneo] <1
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MG AR Z AR} T} Nova-Pak silica column(3.9%150
mm, Waters Co., Milford, MA, USA)e] AZA% Agilent 1100
series HPLC(Agilent Technologies) 2 £4]3819 0™, o] 542
n-hexane} isopropyl alcohol(99:1,v/v)e] E3teloZ Bt 1.0
mL2 ZFFch A2 FYUFS 20 uLo| itk
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A& 1 goll 75 mM ammonium formate 224 20 mLE 7}5}
o] pHZ 7.00.2 Tk & |A7F Eob 2Zatqc) 2ol
2,012 x go| A 1587 AA1EZ|(1580R, Gyrozen Co. Ltm, Dagjeon,
Korea)3tg oW, A58 0.45 um membrane filter(Millipore)
2 o33t & Luna C;3 column(3.0x150 mm, Phenomenex,
Torrance, CA, USA)o] dAZA% HPLC-MS/MS(Agilent 1200
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HEMI C= A& 5 g9 5% meta-phosphoric acid 30 mLE&
Hrtelo] A F 50 mL7b) Hgelgon, o)F B4
A2 2 3} Shiseido Capeell Pak Cig column(4.6x250 mm,
Shiseido, Tokyo, Japan)o] A% HPLC system(Agilent Tech-
nologies) & AF&3lgEon, o]FAN2 0.05 M KH,PO,3}
acetonitrile2 99:1(v/v)2] B &ZE 4o A}ESHIETE 845209
mL/min® 2 §AAF o, HZE7]= UV detector(Agilent Tech-
nologies) 2 254 nm&| T}Alo|A BA5H T
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MEf E B 23S 99 AR AAe vl
Y3 Yo R St} A2 Nova-Pak silica column
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2 99:1(viv)2] HIE&Z 4o AMESIF T, §452 0.5 mL/min=Z
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Fig. 1. Changes in the pH (@) and titratable acidity (H)
of mustard leaf kimchi during fermentation. Results are

expressed as mean+S.D. of triplicates. Means with different
letters are significantly different by Duncan's multiple range
test (p<0.05).
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Table 29} Zth 2= Alioﬂkl lactic acid”7} 7} Wo] A&
Rem, S47|3to] Ade] wet 43| F7kste 27] gk
(131.12 mg%) @} 37§ ©]3 lactic acid T(1,509.14 mgo)©]
oF 128]9] AFo]E R Pt} Acetic acid THFE &4 A AEEH
A oL, 1714 o] F 36.25 mgh2 HEEHon, 2714,

Table 1. Changes in free sugar content of mustard leaf kimchi during fermentation

Free sugars Fermentation period (month)

(% fresh weight) 0 1 2 3
Fructose 1.49+0.05"2 0.45+0.04° 0.19+0.05° 0.15+0.02°
Glucose 2.87+0.14° 2.30+0.06° 2.14+0.08° 2.23+0.09°
Sucrose Nd¥ Nd Nd Nd
Maltose Nd Nd Nd Nd
Lactose Nd Nd Nd Nd

D Results are presented as mean+S.D. (n=3).

? Means with different letters in the same row significantly different by Duncan’s multiple range test (p<0.03).

9 Nd, not detected



710 Ao - v - o] T - A - HER - AP - FAE - AT - AT - FRY] dAFE A
Table 2. Changes in organic acid content of mustard leaf kimchi during fermentation
Organic acids Fermentation period (month)
(mg% fresh weight) 0 1 2 3
Lactic acid 131.12+1.95"2 630.19+12.68° 1,064.20+8.53 1,509.14+22.92°
Acetic acid Nd” 36.25£0.11° 42.93+0.19* 42.64+0.42°
Succinic acid Nd Nd Nd Nd
Fumaric acid Nd Nd Nd Nd
Malic acid Nd Nd Nd Nd

D Results are presented as mean£S.D. (n=3).

? Means with different letters in the same row significantly different by Duncan’s multiple range test (p<0.05).

» Nd, not detected

37HY oZoll = ZhzF 42.93 meh, 42.64 me%2] L B
t}. 9, succinic acid, fumaric acid, malic acid= A& = X] &
=g, ol= ZX 9o F8 87]Ako] lactic acid, citric acid,
malic acid, succinic acid, oxalic acid 5 t}F3}A4 A&=Uch
+= o] dAFE(Hawer S 1988; Park 5 1995a; Kim 5 1998)
I Agolgt Aoz SRIE It YRty os oS Fafjste] A
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I | E3FF 2ol S Aoz AZbHEh
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574 T ZA Y] opu| At FeF ¥Sh= Table 33+ At

F29] ofu]icito] /40 7]|7to] Aol wet & k= ¢l
Qou}, 27] gholl vl 3704 o] F Hadte AdFE Hrh
HHH, alanine, cystine, GABA 5 Y45 ofu|lcAlSo] 4] &
fFoH ez F7tsteletl, I5olA% GABAY 3ol 27]
of vlah oF 1.68} F7Fste] 37 o] 100 g 0.05 mg®] Ft
< YeEtlSitt o]t Aats il 93 GABAS] dhEFo]
375t Ath= Jeng 5(2007)%} Song 5(2011)2] A-eF A3
15tk GABA= o] x=2H-g & EAASH 2o 9 Ahigw
= 7L EZN HAZ] AV 5S FXIAIZIthJang
2016). A W A2 =S S7HA171H, EF S8 4H|
£ % SAAEE dAIste a3 A Y gitkKang & Oh
2007). o]of et SA4E A= 54 5 A4 E GABAY
FFLE tpofet ofg|anE Ued Aoz AZHEr ofm]
A 5 7P B S ARSI Sl obn] AR glutamic
acid®= SHIF I} o] HF A= 2t AA| 9 =8 ofn|Ab

ol

offt oft

@] glutamic acid W& Ao 2 AWZE H(Cho 5 1993), 2t
29 opn|ieibE S74%t A, glutamic acid7} THE ofw] At
o B3 Th HeElo] GI9ithe Oh 5(Q015)9] A7 Aze
Q5.
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Table 3. Changes in amino acid content of mustard leaf kimchi during fermentation
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Amino acids Fermentation period (month)
(mg/100 g fresh weight) 0 1 2 3
Threonine 0.06+0.00"2 0.05+0.00° 0.06=0.00 0.04+0.00°
Valine 0.08+0.00° 0.07+0.00° 0.08+0.01° 0.07+0.00%
Methionine 0.02::0.00° 0.02:£0.00° 0.02:£0.00° 0.02::0.00°
Essential  Isoleucine 0.05£0.00% 0.050.00° 0.06+0.00° 0.06+0.00°
amino acid  Leucine 0.100.00° 0.08+0.01° 0.10£0.01° 0.09+0.00°
Phenylalanine 0.060.00% 0.060.01° 0.07+0.00° 0.060.00%
Lysine 0.09+0.00° 0.1120.00° 0.1120.00° 0.04+0.00°
Tryptophan 0.01:£0.00° 0.01£0.00° 0.010.00" 0.01:£0.00°
Total essential amino acid 0.47+0.01° 0.46+0.00° 0.5140.007 0.40+0.01¢
Aspartic acid 0.18+0.01° 0.17+0.00° 0.15+0.00° 0.13+0.00°
Serine 0.06+0.00" 0.0620.00° 0.06:0.00° 0.04+0.00°
Glutamic acid 0.38+0.01° 0.34+0.00° 0.310.00™ 0.35+0.00°
Proline 0.050.00™ 0.05+0.01 0.06+0.00 0.050.00
esf:;;al Glycine 0.07+0.00® 0.06+0.00° 0.070.00" 0.07+0.00%
amino acid Alanine 0.09:£0.00° 0.07+0.00° 0.120.00° 0.16+0.01°
Cystine 0.010.00° 0.02+0.00° 0.02+0.00° 0.02+0.00°
Tyrosine 0.02+0.00° 0.030.00° 0.03£0.01° 0.02+0.01°
Histidine 0.03£0.00° 0.02+0.00° 0.03+0.00° 0.02+0.00°
Arginine 0.07+0.01° 0.04+0.00° 0.04+0.00° 0.04+0.00°
Total non-essential amino acid 0.96+0.00% 0.85+0.00° 0.89+0.00° 0.90+0.00°
Extra Taurine 0.01:£0.00*° 0.01£0.00° 0.0120.00™ 0.01:£0.00*°
amino acid GABA 0.03+0.00° 0.030.00° 0.030.00° 0.05+0.00°
Total extra amino acid 0.04+0.00° 0.040.00° 0.040.00° 0.06+0.00°
Total amino acid 1.48+0.02° 1.35+0.00° 1.47+0.01° 1.36+0.02°
Total EAAY / Total AA® (%) 4.49+0.09° 4.7240.03° 4.84+0.04° 4.0940.06°
D Results are presented as mean+S.D. (n=3).
2 Means with different letters in the same row significantly different by Duncan’s multiple range test (p<0.05).
¥ ns, not significant
Y EAA, essential amino acid
% AA, amino acid
Table 4. Changes in mineral composition of mustard leaf kimchi during fermentation
. Fermentation period (month)
Nutrients
0 1 2 3
Ca 93.59+2.017%? 87.70£0.91° 102.01+0.51° 90.01:£0.26°
Cu N Nd Nd Nd
Mineral Fe 0.74+0.00° 0.720.02° 0.860.09" 0.84+0.10"
composition K 279.25+4.32° 245.00£3.36° 302.21+1.90° 309.54+1.15°
(mg/100 g Mg 47.14+0.81° 42.324091° 49.86+0.32° 49.7340.18"
fresh weight) — Ng 859.13+12.82° 886.34+5.47" 903.19+6.01° 900.62+1.70°"
Zn 0.38+0.00° 0.37+0.00° 0.38+0.00° 0.41+0.01°
Se 0.02+0.00° 0.02+0.00" 0.030.00° 0.02+0.00°

D Results are presented as mean+S.D. (n=3).

? Means with different letters in the same row significantly different by Duncan’s

9 Nd, not detected

multiple range test (p<0.05).
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Table 5. Changes in fatty acid component of mustard leaf kimchi during fermentation

Fatty acids Fermentation period (month)

(mg/100 g fresh weight) 0 1 2 3
Miyristic acid (C14:0) 5.80+0.42"2 6.21£0.47 5.16£0.09° 5.10£0.18°
Palmitic acid (C16:0) 108.7143.33° 108.40+2.30° 100.10+1.25° 98.14+1.08"
Margaric acid (C17:0) 0.91+0.05° 0.860.05® 0.85+0.02" 0.81+0.01°
Stearic acid (C18:0) 17.95+0.73° 18.20+0.60° 16.21+0.29° 16.38+0.08"
Arachidic acid (C20:0) 2.90+0.08° 2.97+0.10° 2.50£0.11° 2.46+0.02°
Behenic acid (C22:0) 2.49+0.12° 2.46£0.16" 2.20+0.04° 2.17+0.05°
Lignoceric acid (C24:0) 3.27+0.17° 3.0440.13% 2.95+0.05° 2.8240.05°
Palmitoleic acid (C16:1) 4.09+0.18"° 4.38+0.21° 3.66:0.04° 3.7440.08°
Oleic acid (C18:1) 79.87+1.77° 77.37+1.24® 75.01£0.90 71.8141.43¢
Linoleic acid (C18:2, n-6) 361.67+20.95® 383.83+19.65° 320.38+7.86" 347.82+5.52°
Linolenic acid (C18:3, n-3) 151.02+13.19° 128.58+11.36° 148.63+3.15° 121.13+4.63°
Eicosadienoic acid (C20:2) 0.78+0.01° 0.90+0.02" 0.75+0.03% 0.7340.03°
EPA (C20:5, n-3) 1.200.09° 1.75+0.20° 1.01£0.02° 1.23+0.24°
DHA (C22:6, n-3) 3.2940.21° 3.93+0.16° 2.83+0.03° 3.00£0.07°
Nervonic acid (C24:1) 0.93+0.07° 0.860.05° 0.85£0.01° 0.9120.13°

Total SFA” 142.03+4.64° 142.14+0.54° 129.97+0.29° 127.88+0.25
Total UFA” 602.86+7.34° 601.60+7.60 553.08+2.28" 550.35+2.74°
Total UFA / Total SFA 0.59+0.02ns” 0.59:+0.02 0.60:£0.01 0.60£0.01

D Results are presented as mean£S.D. (n=3).

? Means with different letters in the same row significantly different by Duncan’s multiple range test (p<0.05).

¥ ns, not significant

Y SFA, saturated fatty acid
% UFA, unsaturated fatty acid
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Table 6. Changes in vitamin content of mustard leaf kimchi during fermentation

Fermentation period (month)

Vitamins

0 1 2 3
B-Carotene (11g/100 g FW) 20.58+0.12"% 16.90+0.34° 22.57+0.16° 17.6240.20°
B, (thiamin) (mg/100 g FW) 0.23£0.01° 0.06:0.00° 0.03+0.00° 0.02+0.00°
B, (riboflavin) (mg/100 g FW) 0.22+0.00° 0.2120.00° 0.2940.01° 0.25£0.01°
B; (niacin) (mg/100 g FW) 0.09+0.00° 0.010.00° 0.010.00% 0.01=0.00°
Bs (pantothenicacid) (mg/100 g FW) 0.01:£0.00° 0.01:£0.00° 0.010.00° 0.01:0.00°
Bs (pyridoxine) (mg/100 g FW) 0.02+0.00° 0.01£0.00° 0.0120.00° 0.0120.00°
By, (cyanocobalamin) (mg/100 g FW) Nd® Nd Nd Nd
C (ascorbic acid) (mg/100 g FW) Nd Nd Nd Nd
E (tocopherol) (mg/100 g FW) 1.54+0.10° 1.600.04° 1.6240.00° 1.0420.13°

D Results are presented as mean+S.D. (n=3).

? Means with different letters in the same row significantly different by Duncan’s multiple range test (p<0.03).

9 Nd, not detected
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