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Antimicrobial and ACE Inhibitory Activities of Citrus unshiu
Fermented with Lactic Acid Bacteria
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ABSTRACT To develop high quality citrus products, seven lactic acid bacteria were innoculated onto ground citrus
(Citrus unshiu) and cultured for 10 days. On culture days 0, 3, 5, 7, and 10, citrus ferments were withdrawn, and
their antimicrobial and angiotensin- I converting enzyme (ACE) inhibitory activities were evaluated. Citrus ferments
innoculated with CL-1 and CL-2, which were isolated from kimchi, showed relatively higher antimicrobial activities
against food poisoning bacteria. Citrus ferments innoculated with CL-1 and CL-2 also showed stronger ACE inhibitory
activities than other ferments. CL-1 and CL-2 showed more than 99% homogeny with Pediococcus acidilactici and
Lactobacillus sakei, respectively, by 16S rRNA gene analysis. These results indicate that fermentation with P. acidilactici
and L. sakei might contribute to the increased antimicrobial and anti-hypertensive activities of citrus.
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Sol AbgH a2 20143 7ol AFEoA Al
W (Citrus unshin)& T4t AH-&3 o) 8
A4S 913k m A& v X 25 Becton, Dickinson and
Company(Sparks, MD, USA)2] A|#S AFE3 . ACE
Aslls A4S st AlekQl captopril, hippuryl histidine
leucine(HHL), rabbit lung acetone powdere Sigma-

Aldrich Co.(St. Louis, MO, USA)ell A F4313it). 1 €] 9]
Aoke BE 17 ol4E AHgatet.
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terococcus faecalis KCTC 2011(EF), Enterococcus lac—
tis KCTC 21015(EL), Lactobacillus acidophilus KCTC
3140(LA), Lactobacillus plantarum KCTC 3104(LP),
Leuconostoc mesenteroides KCTC 3505(LM)1& &<
ol o] &tk 3 AANAN Fakd EEE flste] A®
o 0.85% A2l AHAFE o] &t A4 vz 34t
A wj Aol make] 1 ]'/Htﬂa sholth Eeld o rRE
o GAE e AE 755 12 AEE] 98kl MRS
LB 3 i loﬂ 2+7F 107 4~1o*394§ A3 A RE &
aL 30°C &2 wjF7lol A 20A1%F o] wiFste] CL-
CL-2& v‘i'—ﬁlﬂoi o] g3ttt aE HaE 9% A
|4 25 7o Aujdke MRS A8 =] (Difco, Detroit,
MI, USA)ell A 30°C, 100 rpm, 293+ W& v Fale] 4]
spAl7]aL 2ha whaf el Akl

4 =

1

w2 o oot 7

—
I3

> oo

2

#42 4sE M=

AEE FEER /o] AHF & FRHTE A A
stttk wa A4 5 L9E WA fste] AHg g
X o #2] 4 (G30T8 germicidal lamps, Sankyo Denki
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Escherichia coli AB 1041, Micrococcus Iuteus 1AM
1056, Salmonella Typhimurium KCTC 1926, —1@]iL
Staphylococcus aureus subsp. aureus KCTC 1916.
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A AMEE BE ol tal P 2495 YEhHA %L?
o™, EL(Ent. lactis), EF(Ent. faecalis), LA(Lac. acid-
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Table 1. Antibacterial effect of extracts from fermented Citrus unshiu

Fermentation day

Fermentation day

. . 1) . . 1)
Microorganism Sample 0 3 5 7 0 Microorganism Sample 3 5 7 0
ucC - - - - - ucC - - - -
CO - - - - - CcO - - - -
EL - - - - - EL - - - -
EF B B B B B Enterococcu EF B B B B
Bacillus cereus LM - - — + + . LM - - - -
LA _ _ _ _ _ faecium LA _ _ _ _
LP - - - — + LP - — — +
CL-1 - - + + + CL-1 - + + +
CL-2 - - + A CL-2 - - + +
ucC - - - - - ucC - - - -
CO - - - - - CO - - - -
EL - - - - - EL - - - -
EF - - - - - Micrococcus EF - - - -
Escherichia coli LM - - + + + luteus LM - - - -
LA - - - - - LA - - - -
LP - - — — ++ LP - - — +
CL-1 - - + o+ CL-1 - - - -
CL-2 e e e CL-2 - =+ o+t
ucC - - - - - ucC - - - -
CO - - - - - CO - - - -
EL - - - - - EL - - - -
EF - - - - - Staphylococcus EF - - - -
Tiiﬁ?;ﬁiﬁfm LM - + + + + aureus LM - - - -
LA - - - - - LA - - - -
LP - - — + ++ LP - - — +
CL-1 - S R CL-1 - + + o+t
CL-2 - =+ CL-2 - +

1)UC, unfermented citrus; CO, fermented citrus without starter. Fermented citrus with EL, Enterococcus lactis; EF, Enterococcus
faecalis; LM, Leuconostoc mesenteroides; LA, Lactobacillus acidophilus; LP, Lactobacillus plantarum; CL-1, a lactic acid bacteria
isolated from kimchi; and CL-2, another lactic acid bacteria isolated from kimchi.

? Antibacterial activity: —, non-detected; +, <1.0 mm; ++, 1.0~ 1.5 mm; and +++, >1.5 mm of hallow size.
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ACE inhibitory activity (%)

Fig. 1. Angiotensin converting enzyme
(ACE) inhibitory activity of fermented
Citrus unshiu (X 20 dilution). Values are
means+SD of triplicate experiments. Dif-
ferent letters (a-g and v-z) above the bars
are significantly different (P<0.05) within
same days and same lactic acid bacteria

Day

fermentation, respectively. Groups are the
same as in Table 1.
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A 50 GQ4214791 Pediococcus acidilactici strain GL16

51 FJ917739.1 Pediococcus acidilactici strain IMAUB01 89
49 GU369788.1 Pediococcus acidilactici strain |5-9-1
48 GU369789.1 Pediococcus acidilactici strain ]S-9-3
47 GU369790.1 Pediococcus acidilactici strain ]5-9-4
46 GU369791.1 Pediococcus acidilactici strain ]S-9-5
45 GU904684.1 Pediococcus acidilactici strain L94
44 |F268323.1 Pediococcus acidilactici strain 0-4A
43 ]JN039348.1 Pediococcus pentosaceus strain LAB2
42 AB6B0154.1 Pediococcus acidilactici strain: NBRC 3885
41 AB6B0261.1 Pediococcus acidilactici strain: NBRC 12218
40 HQ774275.1 Uncultured organism clone ELU0075-T355-5-NIPCRAMgANa_0000
37 HQ774835.1 Uncultured organism clone ELU0075-T355-5-NIPCRAMgANa_0005
36 HQB09537.1 Uncultured organism clone ELU0162-T345-5-NIPCRAMgANa_0005
35 HQ758922.1 Uncultured organism clone ELU0043-T225-5-NIPCRAMgANa_D002
33 )Q801714.1 Pediococcus acidilactici strain N8
32 )Q801716.1 Pediococcus acidilactici strain N9
29 KF111710.1 Pediococcus pentosaceus strain A24
28 |X311434.1 Pediococcus lolii strain LMG27029
27 ]¥311435.1 Pediococcus loli strain LMG25667
26 KJB06304 .1 Pediococcus acidilactici strain ITG7
24 KM062019.1 Pediococcus acidilactici strain JFP1
— 22 AB6B82554.1 Pediococcus sp. NBRC 107256
23 AB682520.1 Pediococcus sp. NBRC 107221
06 KJ779089.1 Pediococcus acidilactici strain LH9
07 KF057958.1 Pediococcus acidilactici strain CE73b
08 KF057953.1 Pediococcus acidilactici strain CE75h
09 JN255181 1 Pediococcus acidilactici strain ZWo01
10 GU904688.1 Pediococcus acidilactici strain L169
11 GQ421474.1 Pediococcus acidilactici strain GL22
12 GQA421480.1 Pediococcus acidilactici strain GL20
13 GQ421473.1 Pediococcus acidilactici strain GLL7
14 F]844959.1 Pediococcus pentosaceus strain IMAU20032
15 EU6B9057.1 [Tetragenococcus halophilus] JCM 2014 strain JCM 2014
16 EU147315.1 Pediococcus acidilactici strain BFE 8260
17 EU147314.1 Pediococcus acidilactici strain BFE 8390
18 EU147313.1 Pediococcus acidilactici strain BFE 8230
19 EU147312.1 Pediococcus acidilactici strain BFE 8384
—— 20 EU147311.1 Pediococcus acidilactici strain BFE 8387
21 EU147309.1 Pediococcus acidilactici strain BFE 8245
02 AB6B82548.1 Pediococcus sp. NBRC 107250
03 FJ751795.1 Pediococcus acidilactici strain DSPV 358T
04 F|787307.1 Pediococcus acidilactici strain DSPV 006T
05 FJ751789.1 Pediococcus acidilactici strain DSPV 348T
25 KM005152.1 Pediococcus acidilactici strain LLOL53
30 JQ712018.1 Pediococcus acidilactici strain 26MgQDC
31 JQ712013.1 Pediococcus acidilactici strain 11MgQDC
34 HQ761221.1 Uncultured organism clone ELUO047-T268-5-NIPCRAMgANa_00040...
38 HQ774578.1 Uncultured organism c?one ELUOO75-T355-5-NIPCRAMgANa_00D32..
3% HQ774556.1 Uncultured organism clone ELJ0075-T355-5-NIPCRAMgANa_00030...
01 pediococcus-acidilactici fasta.screen.contigs

o 0.00052 5 PIEE 050830015 75848 1 00BAK2 62 507N 15 1 PING6760MRE2 01000472 6B3ME 252155

|IIII|IIIIIIIIIIIIII|IIII|IIII|IIIIIIIIIIIIII|IIII|

B 33 ABB00199.1 Lactobacillus sakei subsp. carnosus strain: Ni788
48 KJ812206.1 Lactobacillus sakei strain DCL

09 K]580424.1 Lactobacillus sakei strain PS49
10 KJ531395.1 Lactobacillus sakei strain TUB/2013/2-3
11 KF559316.1 Lactobacillus sakei
35DQ631413.1 Lactobacillus sakei strain probio-65
15NR_113821.1 Lactobacillus sakei strain NBRC 15893
18 GU125588.1 Lactobacillus sakei strain IMAUBD168
21 GU125497.1 Lactobacillus sakei strain IMAUB007 5
24 EU586177.1 Lactobacillus sakei strain C2
27 EF3705892.1 Lactobacillus sp. CWBI/B-659/(E912)
30 CR936503.1 Lactobacillus sakei strain 23K complete genome
17 GQ449257.1 Lactobacillus sakei strain Nj2
20 GU125585.1 Lactobacillus sakei strain IMAUB0165
23 GU125495.1 Lactobacillus sakei strain IMAUS0073
26 AB362609.1 Lactobacillus sakei strain: NRIC 0128
29 AB124845.1 Lactobacillus sakei
28 AB183697 1 Lactobacillus sakei
25 AB362606.1 Lactobacillus sakei strain: NRIC 0125
22 GU125496.1 Lactobacillus sakei strain IMAUS0074
19 GU125587.1 Lactobacillus sakei strain IMAUBD167
16 HQD22862.1 Lactobacillus sakei strain SL1103
13 ABB00196.1 Lactobacillus sakei subsp. carnosus strain: Ni432
12 NR_075042.1 Lactobacillus sakei subsp. sakei 23K strain 23K
31 EU141957.1 Lactobacillus sakei strain RFI LABO3
32 KC748430.1 Lactic acid bacterium Z)GS0409
34 AB494726.1 Lactobacillus sakei strain: KAZ
36 KC753456.1 Lactobacillus sakei strain LAB28
08 JNB673548.1 Lactobacillus sakei strain LHL1-3
46 FN667212.1 Uncultured compost bacterium
40 AB362731 1 Lactobacillus sakei strain: NRIC 1609
38 HQ992696.1 Lactobacillus sakei strain LS)618
43 NR_0424431 Lactobacillus sakei strain DSM 20017
47 F|873673.1 Uncultured bacterium clene butcher_F3
42 EF590122.1 Uncultured Lactobacillus sp. clone SFL-1
45 KC748426.1 Lactic acid bacterium Z)G50212
07 EU626014.1 Lactobacillus sakei strain KLDS 1.0729
06 KJ026584.1 Lactobacillus sakei strain TW10-1
41 AB362607.1 Lactobacillus sakei strain: NRIC 0126
49 AB601167.1 Lactobacillus sakei subsp. carnosus strain: Ni266
50 JF7813051 Lactobacillus sakei strain kimshio07
51 FM1738608.1 Lactobacillus sakei strain RTal4
i 39 GQ222408.1 Lactobacillus sakei strain FUA 3089
44 KJ026600.1 Lactobacillus sakei strain TW15-1

14 ]Q411246.1 Lactobacillus sakei strain SS106A
01 Lactobacillus-sakeifasta screen.contigs

03 ]Q425646.1 Lactobacillus sakei strain M-5

02 JQ5172771 Lactobacillus sakei strain C-11

05 EU7947371 Lactobacillus sakei strain M1-1

37 ]X402123.1 Lactobacillus sakei strain Wikim SH002

04 K]914902.1 Lactobacillus sakei strain NJ48

o 0.0007396FER 599 DEH03 9B0THE | 98B TR 997 BEHE 79 7HEHE 5 07 (WKIES 06040 | 96BIHE 995927

Fig. 2. Phylogenetic trees of CL-1 related to Pediococcus acidilactici (A) and CL-2 related Lactobacillus sakei (B).
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