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Changes in Cerebral Blood flow Following Fermented Garlic Extract
Solution with High Content of Nitrite
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1: Center for Nitric Oxide Metabolite at Wonkwang University & Department of Physiology, Wonkwang University,
2 : Humanenos Co. LTD

Nitrate—nitrite—nitric oxide (NO) pathway is a major alternative source of NO and is essential for NO - dependent
physiological functions in body. Food supplements having nitrate/nitrite can improve metabolic syndromes including
hypertension through antioxidant activity or vasodilation. The purpose of this study was to observe the effects of
fermented garlic (F. garlic) having high concentration of NO;” on changes in blood flow and nitric oxide synthesis in
the cerebral cortex of rodents. The generation of nitric oxide detected by a chemi-luminescence detector was higher
in F. Garlic compared with NaNO, solution under artificial gastric juice with pH 2.0. Ether F. garlic or NaNO, diluted
with artificial cerebrospinal fluid was directly applied into around the needle probe of laser Doppler flow meter that
was located on epidural surface of the cortex. Direct application of F. garlic resulted in increase of cerebral blood
flow detected by a laser Doppler flow meter with a dose-dependent manner. Compared with NaNO; solution, F. garlic
produced changes in cerebral blood flow at lower concentration of NO,. Pretreatment of methylene blue, a guanylyl
cyclase inhibitor prevented upregulation of cerebral blood flow by the treatment of F. garlic. In addition, the
application of F. garlic with 250, 500ppm of NO, caused significantly the production of NO in the cortical tissue but
NaNO; solution with 500ppm of NO; did not. In summary, these results suggested that F. garlic with high content of
NO; induce increase in cerebral blood flow through nitric oxide-dependent signal pathway.

keywords : Nitrite, Nitric oxide, Cerebral blood flow, Garlic, Fermentation

A

AFSHA £ (NO, nitric oxide)= 47|17}
Biloln o SAAL AAXNGEA 4 o
Aol P47 (homeostasis) FA|o FReH AL o). A oA
NO9o] Aol HNEuA Ag, i% 71] g, dad 7157,
A5 o, 47158l 5 o
FoH. AA0AH2 NO B2 %!‘?_75". 2 AZA=, g‘hﬂﬂ]’\ﬂ
T L AYNE S04 L-arginine otu|iAtoA NO &4 &40
9Jsf| o]FojXIct. NOE Uf¢ B3t 7IMZ 4kste]o] opAito]
2(nitrite, NO, )22 W3IE| 1 o] T}A] A4o]2(NOs)oz2 A
g g2 NO, ¥ NOy NO9| A o7 4= &dukd

S AX NO=Z #ghd 4 Y. matyq NO, 2 NO9 A E
L fjAHA(metabolite)2 L2{A Y1 QIH oA NO; 9 %
L NO %5 = ubelatr},

ET NO, AHF Al $(B)ollAl NO 7 AdEo FFe *F
o, ool A ot aste uol NYY AF R Heyel v

5 aaph SRS, w3k NO, Sojrh T NO &2 A%
A7l ZIt 98 M. MASEAA NO,/NOy A4l A
§Z olglE o A AEEol 2E o A &8 NO, /NOy
AF7t YRl Fadho] waF.

Chun(2016)2 o}=2 J‘Liﬂ-(bacillus subtilis) 0.2 HAFAME]
oA 12789 7 WESHS NO ChAIY NO, & WA LR
=2 {Xsk= NO EH*HIE - aRgste 71ee MdstEt

* Corresponding author

Min Sun Kim, Department of Physiology School of Medicine & Brain Science Institute at Wonkwang University, Jeonbuk, lksan, South Korea

‘E-mail : mskim@wku.ac.kr -Tel : +82-63-850-6779
‘Received : 2020/09/22 -Revised : 2020/10/19 -Accepted : 2020/10/30

© The Society of Pathology in Korean Medicine, The Physiological Society of Korean Medicine
PISSN 1738-7698 eISSN 2288-2529 http://dx.doi.org/10.15188/kjopp.2020.12.34.6.326

Available online at https://kmpath.jams.or.kr & http://jppkm.org


https://crossmark.crossref.org/dialog/?doi=10.15188/kjopp.2020.12.34.6.326&domain=http://jppkm.org/&uri_scheme=http:&cm_version=v1.5

H. Yu et al 327
). AFZHAE(pH<2)o)A] s aRo2REl NO7ZL 6X17F o] 4} st} 55715 ol&sto opaitol9 =7} 2,000 ppm o]Fo]

ol NO, 7} APdZEZ(pH<S)NN NOZH = 8t
WSS 2stge WY AFYARZA NO, 7k NOZ g

el 58 FFUY. I JAY, UYL, BreE
At wapyA] g L Faet So| chEAo|cH. ok el
£9e g/lgetRzel Aol Boul ol S5% FL AL of
=9 99.5%+ & i oAl cysteine ofu] =4t FFHSIAL Q)
tH?, npso] shelgtee whe A AtAF(reactive oxygen species)
Azt Tl R|de] AstE oFsto] qAlsH &It Lot
E3 et autE Mol Tl T skt Behuvolsr} &
AR, G oRse] PA 5L vhsol 24 2ETt £24S,
24 710l AUTLE Fkke o 0kso) 4%
T sl Sahuole Fgel vk |9t

Park 5(2016)2 R¥Y HIIA NO,; &§ ohs wadel 7
T £o] A] 308 o]y & oJExoz Fo] ZAsty, 10¥
ol 7] Foldt A9 A4H FY 22T HYoo FHAN NO
o] &4sts Rty stgcH?. £3t monocrotaline &&= H1¥
& 2Hloq 357 FQ NO, & Ubs Ead F+ £o Al Ho
A NOTA AsALAC o] SEEgicty AT, Ag o
A Aol si@/Mne 242 20L 0 NO, B9 ohs 2E
A AR ZoIN AAZEL AR Aaro] olat] F7tol
B3 Aok,

JEu o @gol ot AP AASA ot B APAE o
& mAoA NO A 2 & dF W3] Ojgt NO, &3 vk &
F93} NaNO»& ti| mA oo Ay Fojsto] vlw PESIACH

227t 2245

=

R

1. Agd=E

Sprague-DawleyZ] $7 3|(~250g)(n=20)(Samtako, Osan,
Korea)2 MB522 AHgatgion, ¥ 159 Fve Ay
Aol HgAA Frust] nE G Aiselgck BE $2A
de Qudeta ydssuas 130 oAste Asgstaict
(WKUZO 29). AFSA ‘91 QAa2e: 22 + 1C, 55+ 55%=2 §X|
2 2RSAL, T AL ATA

Lnd

2 A7olA Aget ohs “a*;"%‘% FH0 = 2 HWanju-gun,
)0]16) ;\]._g_sl- u}t_—_mion

o Mzzpge Aot

=2 S
59 B AT g AAGlel Baskn pAIE EHol
24Xk 30| g0 27t Hl%i SIMRITH1:9 (w/v)). ©] & &4
| 1% & | oA 171Y ot 57 th_o}al

N
GeIg QREAIE $eRavY Y32 1Y

5_] E_i U]—hhﬂ— _9_011 o 1;;1;—]-0:]1:}
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Griess A]2F2 o]&3%t Nitrate/Nitrite Colorimetric Assay
Kit (Cayman Chemical Co., Ann Arbor, USA)E o]&35}o] ¥a
Ao NO, & AFotct. wh3Am FUe do| Griess A%
[2.5%(v/v)  phosphoric  acid, 1%(w/v)
0.1%(w/v) naphylethylenediamine]2 A7}519ct. Al2ofA 108
ZoF ulgAZl & EPE A (Ultrospec 2100Pro, Amersham
Phamacia Biotech, Cambridge, UK)Z ©]&3}o] 540 nmolA] &
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KH,PO, 1.3, MgS0O, 1.3, CaCl, 2.4, NaHCO; 26, dextrose 10
(mol/L))oll 8]AMsto] 100 WE BFA &R0l YAt Fol
Folsta 30% EQt A4 WIEE F4 I {F(regional
cerebral blood flow, rCBF)S A5ttt stH FojlxAle=8 &
FACNA AR ERo] tigt A71ANEE A/D HSH|(CED 1401,
Cambridge Research, London UK)& OX|€s}sta, OAE Als
£ 7|12 9 EBA =mz3(Spike2 version 4, Cambridge
Research Ltd, London UK)o] A|&stct ZF AdFoA &lF 5
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ppm)Z Folgt 03 oA FRFO WHIE 7|Esict. ¥ s
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TN N0 = 2Eeb) Folcl YUSEE ot
£ 593 439 DA LPotL FuE AAse &
2 1& ALt 2eH0ZIIN OMEEELE S32S A
3 dEYR AL ALe92 st HAL kol
t}. OJNA-5X%7](Narishige Co., Tokyo, Japan)Z ©]&3}d
NO AN §2]A=(15-20 yum, tip diameter; NO-15, Unisense,
Aarhus, Denmark)g djx]ojAlo] A5t ojf Zlo]:= 0.1
mm oMol A2 AYsteict. oln) AAAt] th2d MA 2]
H3E NOZH 2-3 nM 59| Wate 58 2 Ut UEs 7}
AL Yot ANl wRE DHARE 4D A EE7|(Fx-S,
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Denmark)2 MR8 FZ§ o}e As5E7]0] Uatsl A/D W
AAE olgsto] AsE Cxdstetn AAE] MAH J|= na
J=8(SensorTrace Suite, Unisense, Aarhus, Denmark)o.2 Al
Aol g WatEe 715, Attt 308 oy obg eholA
NO A32 7|23 T}e QalmIo| ojxlstz gl o] 100 pio]
U5 $&H(250, 500 ppm) £+ NaNO, £%(500 ppm)Z &
gt O3 NO9| ®ists 3t 5}""1}(Fig 1). 2+ AgTolA 35 3
g gidez siglen U HAdEES 5Y Nass w2
2 13]9 Fojsto] NO ¥shs F4si
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NO sensor

Fig. 1. A photographs showing the insertion of a glass sensor with
20um of diameter for nitric oxide (NO) and needle probes with
0.1mm of diameter for laser Doppler flow meter on the cerebral
cortex of rat. The glass sensor was located in the cortex with 0.6 mm of
depth from cortical surface. The needle probes were located on the dura
surface of the cortex.
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L Q1 919 £Z10]4 hswaale] NO 4%

AF 9o FOIA siehY BA/EE olgslel uhs 2a
o} EL NaNO, 2¥E NO9| & 542 53aigch NO;
7F 14.5 £ 0.1 pmol®] NaNO,Z 3 ¢Jdo] Folsigls o &
]S NO wHAjo| 71at woton o]& A|7to] XA Zraste
S HAHFig. 2). o] & NO 2k 6.09 + 1.4 pmol,
O SAAI™(tm)2 2.75 + 0.6 min, [NOJ/[NO,] H]& 42
7.6%2 EARE 9t $HH NO,” %71 4.5 + 0.3 ymol9] Ots
FHZ A3AR] FojstRis W NO BAIF2 8.89 + 2.5 umol,
F o A (tm)2 4.25 £ 0.4 min, [NOJ/[NO,] H]&2 97 +
15.3%2 =4=|9ichTable 1). @b [NOV/INO;] ¥lge ohs
w3 At NaNO, Atolol SAA {94e B ou(p<0.01), ok
g olo] QJAtEINA NOS & A ZTHTable 1).
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Fig. 2. Time-dependent changes in production of NO detected by a
chemiluminescence detector from NaNO, solution with 15 pmol of
NO, and F. Garlic with 5 pmol of NO, under artificial gastric juice
with under pH 2.0, respectively.
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Table 1. Characteristics of nitric oxide production between NaNO;
solution and F. Garlic under artificial gastric juice

tNO; 1 t[NC] tm .
Analytes (umol) (umol) t1/2 (hr) (min) [NOJ/INO;T (%)
Sodium nitrite  14.5+0.1 6.09+14 1.04+02 2.75+06 42%+7.6
F. Garlic 45403 889+25 131+03 425+04  197%+£15.3**

t[NO, ]. total concentration of NO, ; t[NO ]. total concentration of NO; t1/2
(hr), the time taken from the highest concentration to half level of NO; tm(mm)
the time at the highest concentration of NO. Values are mean + SE. from 3
samples in each group. *Denotes statistically significant difference of between
NaNO; solution and F. Garlic.

2. otz el o3 giud I{F Wt

o5 g 9ol NO,” &2 32.5 ppm, 65 ppm 150 ppm, 250
ppm, 500 ppm, 1,000 ppm FE2 QIFHH A0 5|X3st0] I
Ad s Zadg 100 0 §Fo2 FREo] YRF oA
Zoo] Fofstgict. 32.5 ppm =] Uz TadoN mF ERH
of fog st glon] 65~125 ppm Uz L& Fof A] 53
o|3RH x| FRI} AWt FUkoh: S BAoY FANCR §
oJst xlo]7} Qigich 3HH 250 ppmolA 3& o]SHE ] FFI}
5715171 AlAfste] 30 oluio] #dig F7lsta o] Haste
o ojnf 2] {57 ek 7INA] FEOE 1095 + 3.2% At
500 ppm Ohs Ha% £o] A] 250 ppm Fojith Z4 ¥ FF
o] A5 Z7lstg e, ojff Eof 158 o] Hgtez
S715tdar 118.5 + 4.8%=2 7IMR|0 Hls] {o5tA F7HE ATk
(p<0.05). 1,000 ppm Ofs ¥g9 2o] A] 500 ppm Ofs ¥go
Foluch F7tstier olnf 23 oJuio] F7sto] 128.4 + 4.0%
ez {ogt 3715 BUHp<0.01) (Fig. 3, 5).
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Fig. 3. Representative diagrams showing changes of blood flow
recorded by a laser Doppler flow meter from cerebral cortex
following the direct application of F. garlic diluted with artificial
cerebrospinal fluid (aCSF) with different dose of NO, into cortical
surface. Arrow head indicates the time point of F. garlic treatment and a
dot treatment of methylene blue, a guanylyl cyclase inhibitor.

stH NaNO,g 125 ppm, 250 ppm, 500 ppm, 1,000 ppm
FER AFHH LA 3]M5t0] 100ul NaNO; 3| AL cfujmjAl
o] Eost9ict. 150 ppm I} 250 ppm NaNO, 2o A] dj:|m]Al
o 24 4 WRY) F/P} BN ggton, P BRI 500
ppmESA] 107 + 3.7%, 1,000 ppm NaNO; £oJA] 115.3 +
3.3% Z7tstgich st 250 ppm, 500 ppm, 1,000 ppm = Zof
A ths LaAT NaNO, 2ol 22 ¥ BEYol BAN g2

et

2
fa)

pr

o] ohs Lo NaNO, ¥c} o Be ¥F
(p<0.05, 0.01)(Fig. 4, 5).

o] U)X R ado] NOo| NuY ASHAZAE &
sto] ERE 5771 Al #8571 sl cyclic GMPO] das
9l guanylyl cyclase 2A|A|Ql methylene blueE 3 mg/kg?] =
£2 sto] AW yo] ojgt £ WA W7t WAkl vk
500 ppm, 1,000 ppm Ors wgole dfuo]d mHO| Fol519
t}. Methylene blue AXX] & 1000 ppm Ors¥&o] 93t X4
wds 371 @4 AR Zastol L@t F1xe] 1052
+ 3.1%S HYHp<0.01). £t methylene blue AXX]7} 1000
ppm NaNOxol 93t ¥ d{F 571 @Y= [t ZaAHG
(p<0.05)(Fig. 3, 4, 6).
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Fig. 4. Representative diagrams showing changes of blood flow
recorded by a laser Doppler flow meter from cerebral cortex
following the direct application of NaNO, diluted with aCSF with
different dose of NO, into cortical surface. Other notations are the
same as the previous figure.
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Fig. 5. Line diagrams showing dose-dependent changes in cerebral
blood flow following direct application of F. garlic and NaNO, into
cortical surface, respectively. Values are mean = S.E. from 3 samples in
each group. *Denotes statistically significant difference of between NaNO,
solution and F. Garlic. Values are mean + S.E. from 5 cases in each group.

*Denotes  statistically significant difference of between NaNO; solution
and F. Garlic (*p<0.05, *p<0.01).
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Obs Waoe] 250 ppm, 500 ppm FE LEAIA NOZH 3 Aste] NOsE AEEE AN BFS AXLH, ¥ wado]
ol A ol Foirk ] 200 ppme] A9 ol Syols  oleld AYE Auotol NO,E Al DAk sisiet. ol
$E NOZH 3718t} Sof 20 ¥ o] BAMCE F7HF obg A ok Wade] NO; Aol BT sIgto] LojPis Ay
o3 Zastdon oluf Sol Mut ulEste] A} 109.3 £ 45%  FAHE o2 WREYNCH IAYG 2 HAEY ™Y wa
PHRl 57 S9ITHp<0.05). 500 ppm SE Obs WAL Folstyl 52 AHOIN QH SRPR AATF FOIAE NO TR
2 280Ul NOVH Z715b7] Al&tstel 3087kA] Al4Mo2 37h  @F @A 2AUL Olud o ST,
stgion ojul Ach 37 HL Fol Ak wl@sto] 1175 + 3.3% NO;2 @ite] sxoledt ZAYstol HNOYL AHEL o2

57194Hp<0.01). 121} 500 ppm NaNO,g Soidt Aol o
T olH NO7H golatAl Wstatx] ehtTHFig. 7).
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Fig. 6. A histogram showing effects of pretreatment of methylene
blue on cerebral blood flow following direct application of F. garlic
and NaNO,, respectively. MB, methylene blue. Values are mean + S.E.
from 5 cases in each group. *Denotes statistically significant difference of
between F. Garlic. and M) + F. Garlic.
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Fig. 7. Production of nitric oxide (NO) in the cortical tissue following
the direct application of F. garlic and NaNO into cortical surface, A
& B, reprehensive temporal changes of NO induced by F. garlic with
250, 500ppm of NOy, respectively. C, no changes of NO after
application NaNO; solution with 500ppm of NO,". C A histogram showing
maximal changes of NO production following direct application of F.
garlic and NaNO,, respectively. Values are mean + S.E. from 5 cases in
each group. *Denotes statistically significant difference of between F.
Garlic. and M) + F. Garlic. Other notations are the same as fig. 6.
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NOZ Fgtgo] & gaja] 9lon®) & ApZAsoye AFHNA
Z70A ol wERIl NaNOoJA NO7F 2% whAistaict, 12
U b Badox NaNO,Eth Tl NO,” ol ¥lwsto| NO &
Aol 159 o4t Wob 9IAF FZ0IA] Db LEA| NaNO, £
Hoh NOE & 2T & A3S Juig & U o= ts ¥&
o] NO,” o[Q]o]l NO, % NO7} Zd NO FoA| (donor)7}
EAE 5 A1 A4 274 NO FojFoA NOS HES 4+ 9
22 G5 5 AP

ol¢t g & Ao ZE F 250 ppm, 500 ppm NaNO,
SE0] ohs RIS gmA] AR SolstRe o oy o]
’\1 NO7} 57t e £35] 500 ppm sk U5 H&HZ £oi5}

Qe 3027HR] R &R ez Frsto] O 117.5% F71ith 12

L} 500 ppm NaNO,2 Foigt FLole dimAo)s NOZF §9
St WfsiAl st

AFx M pHul FMo] pH 7.49F FARGH HFEIYS e of
2738 oAE 2 ado] NaNO,o|A Safigt NOz Hth NOE
AT 2 23S Juig £ A gt £28 ALE S5
Ol drgolo] 744 U 4 xZ oA NaNO, B} NO ¥Hijo] &+
e 7138E 95k ks HadqA NOZ 42T 4 = NO
ToAe ExiE FEslor & o2 AtgHch

O HaNO NO; F 250 - 1,000 ppmolA =HIF7F 57t
sto] Fof 124.8% %IQE w93 5715 HAthp<0.01). 22y
500 ppm NaNO, 3MMAojr= 77T W] APy ogh
1,000 ppm NaNO,& Folstig © o dF7F 1153 % 5
7tstgitt. Cyclic GMPO] A3/ ii?_l guanylyl cyclase &A1
methylene blue ZYW £of § 500 ppm Otz g Mo 93t
IF 571 @42 XotA FaHUT. ol AFANE2 s
ool df F7le NOy %5 71§28 NaNOEGh 22 5
LoA o]RojFon] NO N3AFAE Foto AEste AZ A
Aoz Zsith

£ A7 Aot SAPA s waA AP Mol
Park 5 (2016)'°2 1@ Folq uts wEN (9.75 mg
NO; /ml) 3+ §£o A] 302 o|Ulol &&F JEXoz dYo] A
sta, 10 ol B7IF Rod A A&A AZAE BusY
t}. Oj5Wo]A endothelial nitric oxide synthase (eNOS),
protein kinase G (PKG) ©ulo] Z7}x] 1, o]2|st AjajstA ol
AHY23A PAFE0] soluble guanylyl cyclase (sGC) 2lA|A|o]
olsle] ZAaslozmx upsugolo] NOo| 9F NZ Y
sGC-cGMP-PKG A3 AZA S 43} A|7]= oke|ztfo] 9
15ty HY. ®3t Park S (2017)'"2 monocrotaline §-= H
G 2204 357 O ubsEad(9.75 mg NO; /mlyS 3+

He

ko

4m
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o Mgt QOsiA Faste wusiUh E3t ofs waoe]
A4 Fo=2 Hoi @F ™A vascular cell adhesion
molecule-1, matrix metalloprotease-9 ©¥#2 7F43til PKG,
eNOS Tl e Zrpdozn mHojx NO A ANIHIAQ S
wEStE F52 AAE UG

AlZd f950l8 o2 NaNO2 AW Fosigie o, 18
ojyie] &3 oEXor FAsWo FRIF FUEHJY Y LA
7t Yeht SHEHo] ol Gupyh A A, o]23t NaNO,
9 Folgt &= FW YoJA NO,” 7} NOz Agtdozy u
Eftt= o ojtf NO g XA sez2ul, FA | &dA|
("]Ell C), xanthine oxidoreductase 50| 83t AL sh=
Zol Feln oy,

oye A7ANS nslle W, ¥ NO, TS ohsLaol
A7 2% o ohUzt wo] A Sojsto] AW ojghe GEs}
NOS WAIsto] NO AsAYAN A4 A8t Aoz Azd
AgHA 0T Foho] pH 7.49 SAR HeEIAS A
g o Ao eIy, Fub | FLA(HEY C), xanthine
oxidoreductas 50] NO;” & NO=Z A3A|Z 4 Q& ZHo=z F
£ £ o

offflo] EAiste NOs2 AFstH 3% UABEY nitrate
reductased] ©Js] NO,; o2 UL }A] NO; 2 oA F4t
o o5 Y=o NOZI |t =3 ddo] F4H NO, 2 g2
=241, A, 284 T3 a4 5o osto| NO= Hed
S afebA AAT-oP A -4l A
(nitrate-nitrite-nitric oxide) ¥4 Z=zLX AlFo] NO2o| Nz
F474 22 NOs It NO,; & AlAo] NOE B55h= 528 HANA]
2 ZFEn Qo 2y opdatd(nitrite, NOJE AE HEA
2 Ahgstn Qou] ooy 23 ¥ 3%} ofRly Adstol YERA
oF9l (nitrosoamine}Z A5t MEEFZ Zsto g &
ANA 2 9E 5 Ao JAE goh. a2y FT AoA
239 NO,; A7 A2 28T o= A7 gdste &3] A
20 =3¢ mo]EFA0]Z (phytochemicals)s #o] dFst= 4
< UYEZAolgl AYo] o]2oXA] gt Zo| WHAHPN. 2
oAt A/ALA0] AAY &3k SAE AT AFAA 2P 37
4 2 URZAY, 2XE%, guiidol B¢y 8/jdsof vigt ud
& A= st © UuANziAgo] WEEQD 2270Lo] HEEA
oz AgstRry. 22 Aol obArd L MG HFst ot
gt A2 Y £ dod F AR AF2FoN 2HZ
AZAIA 2 a1 HFFELDN AF L HolN FE-Aeed
24 2dolA NOE A3/dsto A3ty 242 dAste Nzad2
Axjatel, A7le] BRE F7MAATLDD. wraby N0, o A2lA
o)A ALgel ojgt Art FEsh AT Slck.

obs 2390 NO AAYAL AHgste] YL &wp} 2
QoA QY. &, ohs AN MY A FY Pt o
o S5 WaE s HAY B

Otsolx  Salste  polysulfide 7} @Iy Z|HAISHLAIQ]

1A

hydrogen sulfide (H2S) A2 Xefst1 H2SE= NO9F 7 =g
ool FAR E3 b REE2 X QHIA HgtasrZ o

Asto] @&/ 258 A4FE 5 AP
0}5ol= p-coumaric (10.79 mg/100 g), caffeic acids,
(9.50 mg/100 g), ferulic acid(2.6 mg/kg)?} 7L HEA =4
(phenolic compounds)o] theF &Qstm Qom'® o|% caffeic
acide XA FAst EA2 NOE A2AsHs 53Ho] FAtstA|9l
glutathione®t} =PV, ®3t caffeic acid 9 ferulic acid 9JAF
Z7004 NO; & NOZ AT 5 9lon WA NOoF AFT
oIt} JBo] Ferulic acid®t caffeic acide SR sHA
SR U opYzt L oA+ Fatke Hol: ¢ ojuff &
Y-AEZ U NO AERAGAZ A A&she A0 d9s{A o
9. ol& MPAFAIAEL 1stPe W & AN AR
A

= % T
polysulfide ¥ 43t Hs4d 245 585 d3He & Zlo=z
Atz gt

0 ok Lago] eE NOy ¢
SEEE0] APolgk L NO WA AUx] aote YIS A
oz ArHW Fast =

SRR R

Aol 2

fddsty wUd1u](2019)9] X0 o] o]

=]
2 =T
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