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Microorganisms Involved in Natural Fermentation of Asparagus
cochinchinensis Roots and Changes in Efficacies after Fermentation

Min-Jee Kim, Na Rae Shin, Myeong-Jong Lee, Hojun Kim

Department of Rehabilitation Medicine of Korean Medicine, College of Korean Medicine, Dongguk University

Received: November 3, 2018 Objectives: The aim of this study was to examine the effect of Asparagus cochinchinensis

Revised: December 3, 2018 (AC) and fermented AC (fAC) on microorganisms and efficacies.

Accepted: December 4, 2018 Methods: AC was fermented for four weeks without using any bacterial strains, Then we in-
vestigated fermentation characteristics including potential of hydrogen (pH), total sugar, mi-
crobial profiing and antioxidant compound contents such as total polyphenol and total
flavonoid, The anti-obesity effects of AC and fAC were evaluated by using Oil Red O stain-
ing in 3T3-L1 adipocyte, Also anti-diabetic effects of them were evaluated by using
2-[N-(7-nitrobenz-2-oxa-1,3-diazol-4-ylJamino]-2-deoxy-d-glucose (2-NBDG) uptake in
C2C12 skeletal muscle cell,

Results: Both pH and total sugar of fAC were decreased significantly compared to un-
fermented AC, And the abundance of total bacteria and lactic acid bacteria increased dur-
ing fermentation, especially Lactobacillus plantarum, Also fermentation of AC increased the

Correspondence to: Hojun Kim content of total polyphenol, On the metabolic aspects, we found that AC and fAC sup-
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Tel: +82-31-961-9111 triglyceride, These results indicate that fermentation of AC might be a beneficial therapeutic

Fax: +82-31-961-9009 approach for obesity.
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ME 3l A& 35 Asparagus polysaccharide A, B, C, D= FA4<

A2y, AR PAEY, G zy ady gkxte]
A5 W I (Liliaceae)d] THAA H-E-5(4sparagus dehydrogenase®] T3k 4] 347} R nprl o). A
cochinchinensis Merr)2] Wol¥gl g2, 3Jlojstzxog= 2 F deE FEE2 ZSAHE E3)
(), BAAAAREMEERE) 2ol o] Hx 3z
AR %), si-Ed @&t i), HA(mE), #H-8(h ol 3 g 28-S 3y, A FEFEL free radical
), AT (WHRIER) 59 S57] AR ofet A= 2% 9 NO A A a7t dgo] ettty 1 9
7

AU (R, 2Z2088)7 2L TrdE A=A A= Ik MEol|A FU AAE FE8ta”, 2ol ﬂ
A FshH o2 HE5-S asparagine, S -sitosterol 52 oA lipopolysaccharide (LPS)$} substance Pl &]$F
okt fFEAES ghsla Ja?, FESAA B == 54 42 tumor necrosis factor alpha®} interleukin 1«]
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et

oryzaest A WA A5 71E9 &4 §]’ ]EE]' o =
£ 39383} antityrosinase TS YERR AT

AR AEF] WA ME FYF B ool thAL #
W ATE REF AYolth o ot A g #

AZol obd AAd g o ﬂ%"ﬂ HAEE9 d7E ok §l
ok metA B AFoAM = HEFY] AdHE M5 u}
A mgEo] WS OME} Ll i

Alze] AL & 3T3-L1 Alze] A tALY] ®istol| 1] %]
= Gl tisiA AmrRazat g

=
B AR LT BEES Ay BepolA A A

ot
fo
olr
E
ot

HEFS AHE3F¥ i (MansuHerb, Seoul, Korea). &%
= EE F AFES & ZHst dxroeR /‘P%’G}‘?\il’,
LS AR ef o] AR % BAE YA} 5t

710l &71el ol T35l & Ha 1%?‘& 3ol 45 5t
TEIG oA & d71Ho=

He T
LE Ak E 7|3 5t HHT 100 g-4
o] 80Tl HHg H A EE A3 o, A
= v g A G AJojA FF *Jj‘-a—%ﬁ}%lt}. s
1.2~32.8C AtolE FAIsHTH

2. Potential of hydrogen (pH) & & & &2F
9g 34 F pH WIS A3 =

9 mL2] 0.85% NaCIZ 3]43F & pHE % 'Eﬂ%w}. 9

& s o 2R AR

S8 1 mLoll Y3 &3 F 95% %WP— mL

o HAAZ] F 308 FF o] WAEIIT ©

=
o F 3 T FFS 8l glucoseE EF

3. & EdllE X & SAELC0E S
% HE$FS Folin-Ciocalteu WH S o] 83l =43}

S 2 mLE 13,000 rpmol| A 58I dA BT &
%‘é"“ S do] Aol AHEEATE 2% NayCOs 1 mLe
A5 50 u#L, 50% Folin-Ciocalteu’s phenol reagent (Sigma-
Aldrich Corp., St. Louis, MO, USA) 50 «LE &3+ &
A0l A 1083 ¥H&AIZ] 2L 720 nmell 4] UV ELISA mi-
croplate reader (Spectramax Plus, Molecular Devices, Sunnyvale,
CA, USA)E o] &3l FH4EE =43 th Gallic acidE
FEEARE ARSI FEFAE A3t & 9
FS Stete] BAEITE & EetRolE ke
5500 pLell 5% NaNO, 300 ¢LE

ﬁr 10% AICL; 300 xLE @Qék# 583 WA
T3 1 M NaOH 2 mLZ ¥H3-& %

=

ol

F

533 =743+ }. Quercetins E%%éi AL£-319
1 FFFAAE A F Fgh R ot S et
o FASAT
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4, Polymerase chain reaction denaturing gradient

gel electrophoresis (PCR-DGGE) &4

LaS HEFe] MAE S 4817 8l PCR-
DGGEES 4339tk wF AF g ASE PowerFood™
Microbial DNA isolation kit (MoBio Laboratories Inc.,
Carlsbad, CA, USA)E A3} total DNAE &3}
AZ2 —20C o BA3FFTE 1 genomic DNAE universal
bacterial 16s rRNA gene primer%! 27F (5-AGA GTT TGA
TCC TGG CTC AG-3)¢} 1492R (5°-AAG GAG GTG ATC
CAG CC-3")% ©]-83}9 nested-PCRS 433+ t}. PCR
AHE2 1% agarose geloll 7] FEste] 2715 &g
ohs ¢F 1.5 kbollAl SF5 M=rt 22} Accuprep gel puri-
fication kit (QIAGEN, Hilden, Germany)S AM-&3}o] A
3k} 22 PCRE GC clamp7} 529 GC338F (5°-CGC
CCG CCG CGC GCG GCG GGC GGG GCG GGG 6ea
CGG GGG GAC TCC TAC GGG AGG CAG CAG-3")}
518R (5°-ATT ACC GCG GCT GCT GG-3°)& AM&3}e]
33} . PCR-DGGE+ D Code universal mutation de-
tection system (Bio-Rad, Hercules, CA, USA)& A}-&-3}<]
443} ). Denaturing gradients:= 30 ~ 60%Z F % T8l
7F d&EHoR PAHH gel S AZStA ARESIATE AlE
= geloll 22} PCR 4HeS 2Y3}al [X Tris-acetate-ethyl-
enediaminetetraacetic acid (EDTA) buffer (60C)ollA] 20 V
Z 308 ¢ A79ET o= 60 VE 13472 A7FE
A A719%50] F5% gelS EBrZ FAAIZ & UV
illumination (LAS-3000; Fuji photo film, Tokyo, Japan)S A}
&3t =S s

5. DGGE fragment DNA F&=

PCR-DGGEE &3l #2]¥ 2} DNA =9 d7|Md<
A8t 5] 98] 2 f1X]9] MEE AE F tubeol]
%71 Gel & PCR Purification System (BioFACT Co. Ltd.,
Daejeon, Korea)2] protocol< R ¥ 3te] AT 2eizl
gel F-A12] 3812 ubiquitinations H7}gF TS 4T ol A
overnight= ] ¥ T3 742 protocol?} 22 WHH S
% DNAE AAsIAT AAE DNAS d714E &4
Macrogen Inc. (Seoul, Korea)ol| 2]&]3}3.0.H, 4% 47]4
F2 vlar I PAE BAIE](National Center for Biotechnology
Information)©| 4] Basic Local Alignment Search Tool 493}

o SAsA

rlo
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NaClZ 3]4519it) 8|48 Alse A aljA]of 100 «L2
et B 3 sttt = Al g)lskr] 2l
TSA (Difco, Sparks, MD, USA) HIA &, F A8 &4
317] 918 MRS agar (Difco, Sparks, MD, USA) HjA| S A}-&
SFATE 37C oM 48413 Hj sk At A ==Y
7W4(colony forming units per gram, CFU/g)Z UERATE

il

7. MIZHHQS

C2C12 AM|3E+= American Type Culture Collection (ATCC;
Manassas, VA, USA)llA] EFqtol AR8-gl 3T3-L12 k=
M| 528 (Korean Cell Line Bank [KCLB], Seoul National
University Cancer Research Institute, Seoul, Korea)ol| 4] &#<F
ottt M ZE vl Ysl7] 918 Dulbecco’s modified Eagle’s
medium (DMEM)®ll 10% fetal bovine serum (FBS)S} 1%
penicillin-streptomycin< 373+ ¥R & AHE-F ). v A] ol
A AEE 37C, 5% CO, 231°9] vjF7]ol 48413 vl
sttt £33 WA= DMEMOI 10% calf serum3} anti-
bioticsE Z7F3te] 37C, 5% CO, W7ol Al v Fate] Al
Z7} confluent JEN7} =W trypsin-EDTAE A 2]3te] ¢
AR E Bl MEE Zotx Al HjFdt

8. C2C12 MIZ =3t U glucose uptake assay
C2C12 M9 glucose uptakeE ZA3H7] 93l AEZE
96 well plateol] 2x10° cells/well®] %O & A& & 37C Hj
F7oll A 48A17F vl Falt}. Al3E 2] confluence 90% =7}
HH 232 93l 2% horse serum= H7}F DMEM H|A]
2 wAAS 2dntt A S wghetal 6 - 23 oF
90% A= 5= glucose uptakes SA3H7] A3l glu-
cose-free DMEM ]l 2-[N-(7-nitrobenz-2-oxa-1,3-diazol-4-yl)
amino]-2-deoxy-d-glucose (NBDG) 75 ug/mL7} E3HE Hj
A2 w83 & AEF FE25, F4 =z HEEZY
(2.5 mM) 2 glucose uptake inhibitor$] apigenin 100 uM
£ 27 Akt 4A3E B1F vEEAIZ] & v A E A A
3131, Dulbecco's Phosphate-Buffered Saline (DPBS) (Welgene
Inc., Gyeongsan, Korea)Z A &gk 3 50 ;L] DPBSE 3
7}k &, M3E2] 2-NBDG F5< fluorescence microscopy

€ o83t AT
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9. 3T3-L1 MZ 23} 3 Oil Red O HM

3T3-L1 A 231= 913} 6 well plateol] 5x10° cells/well
o] o g AL £ 37C Y]l 48A1%F vl con-
fluence”} 100%7}F =™ 10% FBS-DMEMe®ll 0.5 mM 3-iso-
butyle-1-methylxanthine, 1 #M dexamethasone, 10 xg/mL
Jdgdo] A7He wiAlE AElste] #3524t 753 H
TFA] 2€943F 10% FBS-DMEM®I| 10 xg/mL 1&= o] 7}
H A2 WA FAT 1 % 2wt 10% FBS-DMEM
o 10 yg/mL A& WA= wASITE A5 A=
3= viAl J7F AR RE 2ol Akt

3T3-L1 MEZoA F2E A-g 435171 2180 Ol red O
SRR ":\—53’3]-9&‘:}. £3}% A|3EZE phosphate buffered saline
221 AojWll & 10% formalin®l] S&7F vt & ThA
W3 10% formalin® & 1A17F 5% A E2E A% 11
AHE A EE= 60% isopropanol 2 A3+ & 2bA3] A
71T}, 60% isopropanol®ll £41&F Oil red O solutione
Sk 10 B HjFsit) A Al EEZ 41 A
< 100% isopropanol = @44 Oil red O =% ¥ 520 nm
A4 FEEE SEIAH

10. 84 Hz|
E SRS Baast 2EUAE wAEeH, 7
AT ko] BAIEA-2 Student’s t-test 22 one-way anal-
ysis of variance (ANOVA) testE &3l A3} Ao
% 12191 2] A-2 P-valueZ} 0.05 ©]3FQ1 73-5-ol f-2) 3k
o= AAsAH

EENL
1.pH % & & 8wt

WEAES AL AR F pHo F T BF WS BE
=S ¢ 5 UE FAT Aotk EF WA F

9] pHe 43| st
a1, 25 $of 3.847}4 J’iﬂﬁiq '5}7‘]”} 3F O1%F &
=7Fs 73’&:

w @
m[o
:|o
_C;d
R
=2
@
E
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Fig, 1, Changes of pH (A) and total sugar (B) during fermentation of
AC. Data shows mean+standard deviation (*P(0.05). pH: potential
of hydrogen, AC: Asparagus cochinchinensis.

oF 1.
o] &7 2A). W F ZThE
olT L wE A 125 mg/gOﬂH U 45 o= 0.93
mg/gO ® WE MET F kR ol ko] A3ttt

ash ape vzsaleh 2 s, DEFE B
A} WE 45 F AR e Dol et 3)

+= Table 19 YENITE W& 15 & Leuconostoc citreum-=
$HFo 2 e O™ Gamma proteobacterium-< TE 7
T EAete] BE 45 744 1 FEETE FAEHAL
WE Qo] 2ASA oy

RWHA Erwinia amylovora, Rahnella

Lactobacillus plantarum-2

WE 45 F ek
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Fig. 2, Changes of total polyphenol content (A) and total flavonoid

content (B) during fermentation of AC, Data shows mean-+tstandard
deviation (P<0.05, "P<0.001). AC: Asparagus cochinchinensis.
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Fig. 3. Denaturing gradient gel electrophoresis profile during fermentation

of Asparagus cochinchinensis. The numbers in figure 3. refer to
the microbial strains shown in Table 1. w: week,
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Table 1, Identification of Microorganisms of Asparagus cochinchinensis

No. Discription Ident (%)
1 Lactobacillus plantarum 99
2 Leuconostoc citreurn 99
3 Gamma proteobacterium 86
4 Gamma proteobacterium 90
5 Pseudomonas jessenii 99
6 Pseudomonas deceptionensis 95
7 Pseudomonas putida 95
8 Gamma proteobacterium 87
9 Gamma proteobacterium 91

10 Erwinia amylovora 99

11 Rahnella aquatilis 99

12 Serratia plymuthica 99

aquatilis, Serratia plymuthlca— vtg 3574 BX=U) &

7VFAIE W E 4 & ALLH O, Pseudomonas jessenii,
LE 47 5T &

P. deceptionensis, P. putidat™ Ry vl

AE AT
4. DYE o Hal

AEs 4a 7 F A e A §skE 24
SHATHFig. 4). WEE AZRE Al A F4tF+ 5.15 log
CFUMLRATE a7t AAEHA F Aldre Ba 2 &
8.44 log CFUML7HA 543 Z7}atdthrt ol 5 S7HA

7} S| A A L E 45 & FT 8.82 log CFU/ML
ATHFig. 4A). F4HF GA] 271 247 log CFU/mLoIA BHE
2% % 8.8l log CFUMLE ¢ 3.579] Z7}atsith. shA|qk
35 % 846 log CFUMLZE ZA3 T} T 45 3 8.74 log
CFU/mL7MA] 571 thFig. 4B). & & A3} 7422
e B8 147 § 27 08 A3 vt fofst
Al S7FFATHP<0.001, P<0.01).

5. Glucose uptake XX X2

s 7 A 24 558 #4% 274E Fig 59l
YR}, tjztol vldl] AEF =% 200 xg/mLolAl=
3} HE 457 T 25 glucose uptake”}t 57}3]-93\\:}.
00 yg/mLe FEAAE Uizl v3] && A}
a4
& AR} glucose uptake’} Z7F5FIA T F-2)3F x}o)
o)A gFkth HhH Tz oFERl M EZTIAE= glucose
uptake”Z} 2|3t Z718FA THP<0.05).

ol fol

4
45 & TF glucose uptake”’} F718HE L

o < T - < T

ok
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(A)

Viable cell counts
{log CFU/mL)
o

A
L T T T

0 1 2 3
Fermentation time (weeks)

o =

(B)

Viable cell counts
(log CFU/mL)

0 T T T
i] 1 2 3

Fermentation time (weeks)

=

Fig, 4, Changes in viable cell counts of total bacteria (A) and lactic
acid bacteria (B) during fermentaton of AC, Data shows in
mean=standard deviation, CFU: colony forming units, AC: Asparagus
cochinchinensis.

6. 3T3-L1 ME X[ =0 Ojxl= Fg

T 9 RE TRt mE HEEY 3T3-L1 AlEL] A
Ao vX= BI= Fig. 63 2okt vlsl] A
F X 200 pgmLolAe TE A BE 45 T A
Z o] frojgt W3k} Kol °-L9ﬁ:}. SEATF 400 1 g/mLo)
oAM= HE A TE 457 5 Y FF o] fFolsHA
SHATHP<0.001, P<0.05).
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A8 3 o] Wold wphiA ARAs so] A §
Zgo] Z7HAT. 0¥ o) wlRo| Ho) WE Fof
of hat THalo] b : QITh WA Aol Aok E
A4 o5 9 FEolA YR P BED o) WYE
o] 7KL Qi Eoel o3} BekA) F F71] B, W

1)
n
2
0
i:o{;
i
o\
2
e

< AT AU MEL el F

1504

*

1004

2-NBDG uptake {%)
3

0 . B
Control MET 0w 4w 0w 4w
200 pg/mL 400 pg/mL

Fig. 5. Changes in glucose uptake by treatment of different
concentration of fermented AC extracts in C2C12 cells, Data shows
in meanzstandard deviation (P¢0.05), 2-NBDG: 2-[N~(7-nitrobenz-
2-oxa-1,3-diazol-4-yl)amino]-2-deoxy-d-glucose, AC: Asparagus
cochinchinensis, MET: metformin, w: week

1504

100 *kdk

Qil red O staining (%)
3

Conltrol Ow 4w Ow 4w
200 pg/mL 400 pg/mL

Fig, 6, Changes in lipid accumulation by treatment of different
concentration of fermented AC extracts in 3T3-L1 cells, Data shows
in mean-=standard deviation (P(0.05, "P(0.001). AC: Asparagus
cochinchinensis, W: week,

7hEl Ferolt, WA Hepol] TE A3l Aol ol
tepst 7% B840l Husth BE NEe wE
Aol W3 NO A o] e 912134241 A7 F

o QoA WE Feohe YA AINE BY, T
oA ohel B ge wa i avtel ) R
75 ST, AF S $E BT ATE UL
3 AW g GAE A e
ToAE AEEL ALQREAA RN BE AT} B
ol Hadl % A% 34 oA wel Bz, Wi
#olshs MRS BYsad st
BB AHREHNNA AEFL QT
g3hd Bol YA o) 4r] MuE L nE
(RIS Ay B 71 S5]0) Qom), 2R
F7] Aol o] AHg¥ 1 9tk 7 9ol A ekjet

o L o
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A O in vitro APAAE HA L AYHATHE B35
35% ol ZHAAA A 7 A ATt UFol UrE}
SO, w3k H ol 4 MY TE JEFC] F

A SR e g HAEFRT Aol 7}1*@3}——
Zo| WA, s HEF LFol| =
ORI 7k wlw|Eh, £3] AAdae] oigh 03_?% A
E} 0101]

A RE AT T
723 2487 mg/g 0 & UER} HES £
n A& F8 FUPoz AHgH oz dAckd, oo
we} g A pHE 53701920 &HE 4F Fo=
3.9671A] 74 oFEiD} Eﬂrﬂw g A3 OE 45 F pHY
=

oo Wa Azl BE AEe] B4 1]
2

Hete T Zeldls g & SR el ko] WSt
E BE3A ) FeR = 0] == phytochemical 2 2] 2
o i e dom HAFISIAZA 2Hgsk=
BAR GHAQJEGY, B 43 F F ZPHsolE
Fo0a AdRo AT ol Adda Btk HE
59 STt o=yt mAEe o3 A4tET]E, thAbE
7% dtA St olE dhEFo] wigletal, WE 454
frabdol F718tHA EElHRoluy) THAad Ao® o
ARG WA F ZelvE e 2E 15 Sole da

SERAAIRE o] & &Aoo 2 FofetA FUFET, o= A
%5 La #Aste §4EL L plantarum©] AR
ZYdlEe Belste] Fad ZeuEe] SR 232
Bt L plantarum-2- decarboxylase®} 22 Bl 93|
gallic acid, methyl gallate, tannic acid pyrogallol2 TJAk
gt} =3 ferulic acid?} 22 #HE3IEES reductasel]
2J38}| ethyl guaiacol, hydroferulic acid2 THAMITF?. & L
plantarum®] 2] &40 o3 G5 FA4tow Hgeto
T T I pHYF Akl Eelvls o] SUbeke
Aotk o Yoyt EHES AE Wl EAsk= 24}
thAMEE = 3R phenolic hydroxyl 717F o] A W
9 radicaloll 48 FH3 radical & AATOZHN
Areh Ze-S Jehe?, e 38ES FEsEHE 7<1
sH2rg, o Wl §hakEl g = thkst A Ey 7S

102 www.jkomor.org

o)
= 59 2EE P 1 Z7}so), wa ? a2vs}
A oA A 54 w5l A3k =

FE 47 & A E T AdT Al
= Z10 8 Kol WH | 23 "g'ﬂ‘o 47el =
tistE ], 53] fikte] Aol FXEHE AL &+ A
o} oju] WHof Hosh= vAE] W3}t A S vlwey]
#5te] PCR-DGGEE 333t} A5 ollA Lew. citreum
I G. proteobacterium®] MEE LE AHEH SAste F
571 2 w7tA] o9& v = o3 7F IA TAEA
Rt o] 2N HAEFY FE Leu. citreumd} G. proteo-
bacterium®| 7} A 4TS FILS Aoz AZHT
Leu. citreum-> "D EFF 2% X LollA ZelEH FIE
H7} ok RuEATO. G proteobacteriumdl = &
Hlo] £ o] glom, 15 312l Legionellaceaes
#x o) HHH ZE|et E(Pontiac fever)S STkl
4 °1‘:]'37>. QEA Y P jessenii, P. deceptionensis, P. pu-
idav= "D &7} JAPED45 1 57F 3438 ZAEHIJAT o]
Wg 15 & IA 713 Leu. citreum®] pHE IA| 7+
3] Pseudanabaena < A3 &tol] L H A

Q13
Ro g AZtATE wekA Lew. citreums HHol| 2 &

>

o o B ol
>
Ny
fd
o
HU

$3te] 1 BE¥7F /5-X|¥ HPH, Pseudanabaena -2 317 0]
WHEstHA A-g81A] Zslal I 7 13AFE Aot v
HZAE oA B == P jessenii®t A2WAATA P de-

rr
M
At

2

doll ol Behs] Wslxl uprt AR,
P putida= QUSRS o= 73T o= A
AP, ' 23 F WAHA ATt S7H8H9EE PCR-
DGGE AN E. amylovora, R. aquatilis, S. plymuthica
MEo] sk 7h E 275 S7kshe A YAgh
QW L plantarum-2 BE Hol| EX|EHA] Ego HE
47 3 W=7t RSHA UERS T L plantarum-2 lactic acid
bacteria 5 7Fg &£3F F-4H7F S F hepatic cholesterol S &

Fotog HIAII= HAEE F7HAA low-density lip-

ceptionensis

in

oprotein cholesterol, triglycerideE ZAAl 7= AR BHal

HAJAP). TS L plantarum®] FoE ) v E, 53
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