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Anti-proliferative Effects of Traditional Korean Doenjang across
Different Aging Periods on Cancer Cell Lines

Hye Jeong Yang, Jinyoung Hur, Sang Pil Hong*

Korea Food Research Institute

Abstract

Doenjang is a major fermented soy-based food in Korea. Recent investigations have shown that fermented soybean foods
have immunity-enhancing, anti-cancer, anti-obesity and anti-diabetic effects. Several studies also have reported that
genistein and daidzein, which are easily absorbed in the body are produced in larger quantities in aged doenjang. The

purpose of this study was to evaluate the variations in the anti-cancer effects of commercialized doenjang as it ages. Four
groups were formed for this study according to aging periods of doenjang, namely short (under 5 years, S group), mid
(under 10 years, M group), long (under 15 years, L group) and very long (over 15 years, E group). The anti-cancer effects
of doenjang were determined by cell cytotoxicity assays in A549, YAC-1, and HepG2 cancer cell lines. Also, NK cell activity
and splenocyte proliferation were assayed for cancer immunotherapy. The quantities of phenolic compounds in doenjang
at different ages were also measured. The results showed that the anti-cancer effects increased in the S and M groups for all
three cancer cell lines. Interestingly, similar to this result, splenocyte proliferation and NK activity were also the highest in the
S and M groups. In contrast, the E group showed significantly reduced splenocyte proliferation. The quantity of phenolic
compounds was similar to that of the anti-cancer results. Collectively, these results suggest that the fermentation period of
doenjang plays a very important role in determining its anti-cancer effects.
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<Table 1> Aging periods and aging index on Traditional Korean
Doenjang

Doenjang No.
(manufacturer)

DI (SI)
D2 (SI)
D3 (0S)
D4 (ST)
D5 (SSS)
D6 (KSD)
D7 (IY)
D8 (TKR)
D9 (DUP)
D10 (SI)
DI1 (0S)
D12 (SI)
D13 (SSS)
D14 (KSD)
DI5 (TKR)
D16 (DUP)
D17 (OS)
DI8 (SI) 30 E

D19 (MK)
D20 (MK)
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<Figure 1> Effect of different aging period Doenjang on A549 and splenocyte proliferations.
A549 cells were treated with 100 pg/mL of Doenjang for 24 h and the cell viability was determined by MTT. The data are shown as mean+SE.
““Mean values not sharing a common superscript were significantly different among the groups (p<0.05). Control: PBS treatment, A549: Human

lung carcinoma cells. Doenjang number (1~20) is shown in Table 1.
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<Figure 2> Effect of different aging period Doenjang on YAC-1 and splenocyte proliferations.
YAC-1 cells were treated with 100 pg/mL of Doenjang for 24 h and cell viability was determined by MTT. The data are shown as mean+SE.
*"Mean values not sharing a common superscript were significantly different among the groups (p<0.05). Control: PBS treatment, YAC-1:

Mouse lymphoma cells. Doenjang number (1~20) is shown in Table 1.
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<Figure 3> Effect of different aging period Doenjang on HepG2 and splenocyte proliferations.
HepG2 cells were treated with 100 pg/mL of Doenjang for 24 h and cell viability was determined by MTT. The data are shown as mean+SE.
*dMean values not sharing a common superscript were significantly different among the groups (p<0.05). Control: PBS treatment, HepG2:
Human hepatocarcinoma cells. Doenjang number (1~20) is shown in Table 1.
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<Figure 4> Effect of different aging period Doenjang on splenocyte viability.
Cell viability was determined by MTT. **Mean values not sharing a common superscript were significantly different among the groups (p<0.05).

Doenjang number (1~20) is shown in Table 1.
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2015; Doshi et al. 2018), hesperetin (Stanisic et al. 2018;
Lazer et al. 2018), myricetin (Kim et al. 2014; Xue et
al. 2015; Sun et al. 2018) 59 IPTF HJEEo] &2
o e HAEHA FAY o] W2 v e

ol ol off

)= protocatechuic acid, chlorogenic acid, epigallocatechin
gallate, dihydroxy flavone, quercetin, hesperetin, myricetin
o] Z}z} 23.23-62.73, 7.04-12.41, 8.80-17.53, 229.97-334.67,
26.44-40.51, 68.45-115.29 & 2.04-4.40 mg/100 g A= A=
Al sl Sle A3 #-ol Slgo] AlARETH

uebA HE o] w2 7d olat 44717k "ol o
Al S2] oA B HlaLA =A VERaL dEE )
W s B ol HEsgEe] 7Kl AR

AN
ol AE 7191 RO ARHT 5 AT 24 ol

ox X

Forr
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g0l =2 74 o3t 4 4] F dedEel 7MY =
Al e em, 53] 7d ofsh S4d(S, MelA E2 o
< 12l HE3E T protocatechuic acid, EGCG dihydroxy
flavone, quercetin 2 hesperetine 4 E-H (D)ol 13}
7157l ZH2F 431, 3.69, 3.28, 2.68 E 2.268] A
T A FEY e o2 EAEAT<Table 2>,

6. E & NKM|Z &M BTt &=

NKA|E= W3el 7] o), 7F o] EAslk=t] 9
oA AESE vlolH X dE Ay Al E
SA] FAst] APEAIITE 5 Al ETRIS
AE 5 b2 A EZE SNV S, o x
& a0 R AAS AL, F2, Holg He Fa% 7T
< Sh(Stanley et al. 2017). ¥ AFollM= HAEEF] &
HES T NKAE &4 37F 258 49717 B2 243t

=
A} STk 43717k e gaE d9lslaa) 2079 |
2 Al FAdAA N Ak ©7 DI, D10, D12, D18

= 5

9 AZEG DI9E st on ZHt 1d £574(S group),
7d 54 M group), 100 </3(L group) 2 30 SA3(E
group)A|Felth NK cell 84S Hla 4 A3} 100 pg/
mL ZZA 194 E7 APt 57.244.8%, 7AL HF
AF L 75.5+11.6%, 1084 B AL 54.0+10.2%,
1534 D AHAFE 64.4+1.7%, D& A)H A|Fo] A 2
(D2 group)> 68.9+1.8%% LFERL} Hur et al. (2020)
o] 7¥d Ado] A#et Akl 7d 544171 @M
group)ellA] AFAASIH 2] EAdF0] 7HE w2 Ao Il
%9l th<Figure 5>. %3+ DI, D10, D12 2 D18 ¥ <=2z
HD19)2] FH=THS zHzt 519.41+9.89, 699.91+26.96,
462.45+40.88, 425.06£19.99 2 254.66+10.34 mg/100 g& =
7d S50 D10oIA 7 A4 VERsiT

ZRwo|=E ¥33 el E PES 4EFe Fa3%

kst 2ot Hd Fol| FH-sA THE quercetint

<Table 2> Change of phenolic compounds contents with different aging period of Doenjang

Phenolic compounds S M L I ID
(mg/100 g) (D1~D3) (D4~D11) (D12~D15) (D16~D18) (D19~D20)
Protocatechuic acid 62.73+7.8° 54.32426.68° 39.85+16.29% 23.23+7.34% 12.6+5.3
Chlorogenic acid 7.04+1.2° 8.80+4.70 10.17+3.81% 12.4143.28¢ ND*
EGCG 12.05+£9.4% 17.53£1021° 10.04£6.45% 8.80+3.55% 4.75+5.6°
Rutin 3.56£1.30% 8.99+3.37° 3.44+43.16™ ND? ND?
Dihydroxy flavone 334.67+28.0° 309.28+61.30° 229.97+4525° 249.75+27.86° 94.36+26.3
Quercetin 40.51+4.0¢ 38.14+8.53% 30.45+3 46" 26.44+7.0° 14.25+8 5
Hesperetin 11529+13.7¢ 100.91£32.43% 74.24423.62b° 68.45+8.0° 39.45+11.1°
Myricetin 2.85£2.4° 3.65+2.1° 2.04+£2.2a° 4.40+0.5° ND*
Total 588.22+17.87° 620.88+44.41° 479.22+19.13" 460.00+24.11° 225.56+42.24°

Results shown are mean+SD of each group and different small letters represent statistical differences among the groups (p<0.05). Aging index S:
1~3yr M: 5~7yr L: 10~12yr E: 15~30yr. JD: Japanese doenjang. ND, not detected.
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<Figure 5> NK cell mediated cytotoxicity in Doenjang-exposed effector cells at the effector/target cell ratio of 20:1.
The data are shown as mean+SE. “*Mean values not sharing a common superscript were significantly different among the groups (p<0.05).

Doenjang number is shown in Table 1.

genistein T83F FUB TS Zh= FlEA sehEolRtaL
214 Ath(Catherine et al. 1996). THEZQ H =3} F=
resveratrol} 2] 912 AA U] ohFet WY wkeS X
(e}
AR

PEFO] AN, NK AlZ E2do] S7HAZItR= Ao Har
H A THOrsolic et al. 2005). ©]# g ATEL E Ao
Fe)oEstae] Z7heo] s SRR o &5 NK
AZ B8 83 T 5 drka Az,

NK AlZ= MEAE] €448 200 9o, AgA|Zxs=
oAl WM ES HEZFAHTAH E(common lymphoid
progenitor)ol|A] 7]=™ SAEE AAsHH o2 s 3}
4 glo] HEE S T4 £ AlEEX NK Al*E
EHE Tt AQTEAE Sl BAES} A EE T
£ Ank vFe AHIAIE F NK A2 FHAH e
2 M WA, HolE oJAletaL o] Al Foidh=
HE7IMEE B R AA & 5 o] B s %
S TH(Castriconi et al. 2009; Long et al. 2013; Terme
et al. 2013). &9} Aol 7H¢ F83 oF 7K EE 29
Aoz Aojg 4= e Flo] NKM2ZL] & o]zl o]
g oA AR FAF] NK A2 445 e o]
Z om7F Jdval & 4= QU #A) NK A EE o83 3¢t
HAX g0 7 NK Al 295849t tlEo] NKA|E <
Al &A1 Z5o] ol ot webA NK Al 243}
2A) a2 71l gk Ao 2ds] e o ok
F3 e Hrh aFHoE X8 F S AoR gd

i}
(<]

¢

=
=

<
T

ol %2

K

T
O

)

A HE
sl 1-3047F <
< HS, 7, FEgt 3%9] sES tigk JAgE S €
Attt HGAHET A5499] F2EE B2 FAE
3} vlwsie] Ad E4LS B43% A3 1di 23D
14.0%, 392 ©73(D2)°] 13.8%, 1132 FZH(D15)0]
9.0%, 792 FA(DI11)0] 8.6% <o & FAS BTt ¥=
T i HAEF YAC-19] A5 579 A= 549 D4,
D8, D9 ¥ D10°] 27 11.7, 12.0, 162 & 134%E %=
< 48 B3, 139 WI54€E DI 2 D2% ZH 115
9 122%2 =4 YERTE ZHRMHIEF HepG2e] 79~ D1
o] 159%, D9, DI0 ¥ DIl°] Z+zF 10.0, 11.0 2
9.5%% =& FAL Btk whd dE A3 B7HDI9,
D20)°] ¢ 359 PHEFA BT x| S F
7¥8laL BIgA Ee] F218 JA|AT= AR Yl u}
2hA] 4717k e Q] P TA HolA] %S
U T2 544717k 7d o]siRl AEEH(S, M group)ol|A]
A F2 A&l A UERAL HIFAI ] F4E F
TINFIE Ao R FelETt T3 NK cell B34S vl &
28 A 132 BHL 57244.8%, TAAE DAL 755+11.6%,
1092F B2 54.0£10.2%, 1534 D3 64.4£1.7%, L&
Al AFL 68.9+1.8%%2 YR} 79 SA4A17 FFM
group)llA AFAAsA| 2] Ed50] 7T B2 FoE I
=

HEAAES 43 43, F dsgidsde 54717 1-
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=3 ©
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