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Summary

A plant-based diet is thought to be better for the prevention and treatment of lifestyle-related diseases. A plant-based
extract fermented by lactic acid bacteria and yeast (PELY) was made from various plant materials and was fermented
product applying to traditional food-preservation technique, that is, fermentation and sugaring. In this study, the charac-
terization and physiological function of PELY were examined.

PELY contained 58.8 % carbohydrate, 3.7 % protein, and 1.3 % lipid. It contained 18 kinds of amino acids and vitamin A,
B, Bz, Bs, Biz, E, K, niacin, pantothenic acid, and folic acid. It also did a lot of dietary fiber and phytochemicals (polyphenol,
terpenoid, i.e.).

Moreover, it was determined that PELY had several physiological functions such as antioxidant, antihypertensive, an-

tibacterial, prompt digestive and anti-tyrosinase activities. As the results, PELY possessed antioxidant, antihypertensive,

antibacterial, and anti-tyrosinase activities in vitro.
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Table 1 Food materials of PELY*

Plant name
Sugar Brown sugar, Oligosaccharide
Prune, Ume, Citron, Strawberry, Apple, Iyo-orange, Grape, Fig,
Fruits Persimmon, Kiwi, Mandarin, Lemon, Kumquat, Akebi, Wild vine
Artubus, Winter strawberry, Blueberry, Blackberry, Raspberry,
Burmese rosewood, Peach, Pear, Goumi
Pumpkin, Carrot, Mugwort, Cabbage, Kale, Spinach, Japanese radish,
Eggplant, Perilla, Tomato, Pimento, Cucumber, Bitter gourd,
Vegetables Komatsuna, Turmeric, Japanese mallotus, Plantain,
and Young leaf of barley, Striped bamboo, Burdock, Field horsetail,
Wild herbs Loquat leaf, Broccoli, Jew’s mallow, Japanese moutain ginseng, Parsley,
Japanese parsley, Celery, Lotus root, Mitsuba, Japanese ginger,
Asparagus, Ginger, Qing geng cai, Vitamin-na
Mushrooms Shiitake mushroom, Lucid ganoderma, Jew’s-ear, Maitake mushroom
Seaweed Kombu, Wakame, Fucus, Kombu root, Hijiki

Pulse and Cereals

Soybean, Cocoa, Sweet corn, Rice bran, Unpolished rice

* Plant-based extract fermented by lactic acid bacteria and yeast.

Table 2 Lactic acid bacteria added as a starter in PELY*

Lactobacillus acidophilus

Lactobacillus acetotolerans

Lactobacillus amylovorus

Rods Lactobacillus brevis Lactobacillus buchneri Lactobacillus casei
Lactobacillus fermentum Lactobacillus kefiranofaciens Lactobacillus plantarum
Cocei Lactococcus lactis Leuconostoc mesenteroides Pediococcus acidilactici
0OCCl1

Pediococcus damnosus

Pediococcus pentosaceus

Pediococcus urinae-equi

* Plant-based extract fermented by lactic acid bacteria and yeast.
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Fig. 1 Manufacturing process of PELY™.
* Plant-based extract fermented by lactic acid bacteria and yeast.
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Table 3 Microorganisms used for antibacterial effects

Strain Temperature  Incubation time Condition

Lactobacillus acidophilus NBRC13951 37C 36 h Anaerobic
Lactobacillus brevis NBRC3960 37C 36h Anaerobic
Lactobacillus fermentum NBRC3071 37C 36 h Anaerobic
Lactobacillus plantarum THT030701 37C 36 h Anaerobic
Lactococcus lactis NBRC12007 37C 36h Anaerobic
Enterococcus faecalis NBRC3971 37C 36 h Anaerobic
Escherichia coli NBRC3301 37C 18h Aerobic
Pseudomonas aeruginosa NBRC3080 37C 18h Aerobic
Salmonella typhimurium NBRC12529 37C 18 h Aerobic
Staphylococcus aureus NBRC3060 37C 18h Aerobic
Staphylococcus aureus 1ID1677 37C 48 h Aerobic
Vibrio parahaemolyticus NBRC12711 35T 24h Aerobic
Providencia rettgeri NBRC13501 30T 18h Aerobic
Streptococcus mutans NBRC13955 37C 48 h Aerobic
Helicobacter pylori JCM12036 37C 96 h Microaerophile
Porphyromonas gingivalis JCM12257 37C 96 h Anaerobic
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Fig. 2 Time course of LAB*, Yeast, and pH in PELY™.

*LAB : Lactic Acid Bacteria.

** Plant-based extract fermented by lactic acid bacteria and yeast.
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Table 4 Nutritional compounds in PELY* (per 100 g)

Water content 34g
Protein 37¢g
Lipid 13¢g
Carbohydrate 588 g
Ash 22g
Sodium 137 mg
Potassium 619 mg
Calcium 131 mg
Magnesium 68 mg
Phosphorus 97 mg
Zinc 11 mg
Iron 3mg
Manganese 1 mg
Selenium None
Dietary fiber (NDF**) 19¢g

* Plant-based extract fermented by lactic acid bacteria and yeast.
** Neutral Dietary Fiber.

WM FEM ZERE LTWB200 ) A4 &INT
By, MEITETH LW, $k oA VIHMHRTESLS
ERHLMNER ST, B, YL A FY 7, TX
RIAFA, A=Y FEOBYHIMEREITHYLYT S 19g/100 g
HENhTwiz,
2) 73R
PELY ®7 I VK2 TARIL 25, WET I VW2
JTHRLE, SR E L IBEEOT I VBIZTNTE
FNTBY, BRRESELTHMONE VY I V- T A
NIFVBEOGEHEENLZ W E2%bd 72 (Table5),
3) E4ICEFE
PELY IZ&ENHE 5 I VHETHBMNAZ L3 F A4 T
YENPELENWI L THoTz (Table6) © ¥ I CldkH
ENehol, B3Iy CIEIBLEINRTWEETH S
Zens, BEABTHRILSN, TIVEBIRETLIL
NH, TI/HWNVENV xR L, BELYEEZ
BNz FAT Y UEIE FEHROBRAEEG L HALMLE
R FED ;P HLHEM ENAMHIZF07 mg/100gTH A T L9 b,
RBECGT HAME - BEFAELTWD EEZ SN,
4) K7/ —-IEEE
PELY 3BAERIIE LT, R 72/ — VEHBRDH
Table 5 Amino acid content of PELY™* (per 100 g)

Arginine 009 g
Lysine 011g
Histidine 004 g
Phenylalanine 014 g
Tyrosine 007 g
Leucine 023 g
Isoluecine 013 g
Methionine 004 g
Valine 015¢g
Alanine 015¢g
Glycine 015¢g
Proline 020 g
Glutamic acid 053 g
Serine 0l4g
Threonine 012 ¢
Aspartic acid 045 g
Cystine 004 g
Tryptophan 004 g

* Plant-based extract fermented by lactic acid bacteria and yeast.
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Table 6 Vitamin content of PELY* (per 100 g)

Table 7 Polyphenol content of PELY*

Vitamin A (retinol equivalent) 20 ug
o-carotene 25ug
B-carotene 192 ug
Cryptoxanthin 77 ug
Vitamin B (thiamin) 0.05 mg
B2 (riboflavin) 0.07 mg

Bs 0.27 mg

Bi2 003 ug

Niacin (nicotinic acid equivalent) 169 mg
Vitamin C None
Vitamin D None
Vitamin E (a-tocopherol) 04 mg
(B-tocopherol) None
(y-tocopherol) 0.2 mg
(3-tocopherol) 0.1 mg

Vitamin K 30ug
Pantothenic acid 0.19 mg
Folic acid lpg

* Plant-based extract fermented by lactic acid bacteria and yeast.

4 % %7R L7z (Table 7)o PELY (34E%EE) o
K72/ —VEARIZ 246 mg/100 g Th o720 K7
A vRaa70R) 7z ) —VEHRELKEL KL
PELY (34E%8WE) &, KU A >0 174, 2270017
BECTHo7,

3. fRfE (4IF) #ge
1) HiELER
PELY (25) 2 HUBRIL/E (SOD BRiG1) o fEHF A2

L2 MR L7 (Fig. 3)o BEHERDPRLS 25I12ON0T,

PURALERE LA T2 2 WO 0Tk otz T2, RV
7x /)= VEHREHRILER L oMM (Fig. 4) %
72Elh, R T2 - VEA R EHIRAEIZIZIEOH
ESRRC ISy (e

2) MmE_EFMHIER

ul

i~

PELY Ok ICE EAEHZE3 5 L=

TUVFT Y UERRA MG T A8FE (ACE) & HE
THRDPEETNTVDENE D) »EF72, Table 8 IR
L72& 912, PELY 338 E S AERMoEED, a3~ b

600

(&2

o

o
'

D
o
o

SOD like activity (U/g)
N w
o o
o o

-
o
o

0-year PELY 1-year PELY 3-year PELY
Fermentation period (year)
Fig. 3 Time course of antioxidant activity in PELY™.

* Plant-based extract fermented by lactic acid bacteria
and yeast.

Polyphenol content

(per 100 g)
Caffeic acid equivalent
PELY* (0-year fermentation) 212 mg
PELY" (1-year fermentation) 236 mg
PELY* (3-year fermentation) 246 mg
Red wine 145 mg
Cocoa 1,440 mg

* Plant-based extract fermented by lactic acid bacteria and yeast.

Table 8 ACE inhibitory activity of PELY*

ACE inhibitory activity (%)

PELY* 61.4
Bitter gourd 99.0
Jew’s mallow 68.6
Turmeric 63.0
Parsley 40.7

* Plant-based extract fermented by lactic acid bacteria and yeast.
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Fig. 4 Correlation between polyphenol content and antioxidant
activity in PELY™.
R is pearson product-moment correlation coefficient.
* Plant-based extract fermented by lactic acid bacteria
and yeast.
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Table 9 Antibacterial activity of PELY*

Additive amount Colony account Antibacterial
of PELY* (CFU/plate) activity
) ) 0% 908
L. acidophilus NBRC13951 5% 1007 -
0% 517
L. brevis NBRC3960 X -
5% 577
0% 140
L. fermentum NBRC3071 5 (yz 132 -
0% 148
L. THT 1 -
plantarum 03070 5% 125
0% 139
L. lactis NBRC12007 -
o 5% 138
0% 546
E. faecalis NBRC3971 -
faecalis 5% 408
0% 112
E. coli NBRC3301 ’ -
5% 110
0% 290
P. aeruginosa NBRC3080 +
5% 0
S. typhimurium NBRC12529 0% 40 Growth-inhibiti
. typhimurium 5% 2 rowth-inhibition
0% 289 R
S. aureus NBRC3060 Growth-inhibition
5% 191
0% 201
S. aureus 1ID1677 +
5% 0
V. parah Iyticus NBRC12711 0% 162 +
. parahaemolyticus 5 % 0
0% 294
P. rettgeri NBRC13501 +
5% 0
0% 235
S. mutans NBRC13955 ° +
5% 0
0% 191
H. pylori JCM12036 +
pylori ] 5% 0
P. gingivalis JCM12257 0% 716 +
. gingivalis 5% 0

* Plant-based extract fermented by lactic acid bacteria and yeast.

IFT AW (S typhimurium) L EBT FIERW (S, aureus
NBRC3060) \2BWTIE, ITo=—HAEKL ARV &b
SPHMEIZRD SN eh o728, BRI -an=—ok
EEXPPELY ZRML TV W CRELZEA LI
NRTUNEHo 722 Eh s, BEHHERIEH 2 L EZ N
2o TNOHOREENS, PELY OMBEEHDO AR MLk
77 nbtk - BYEoOm G oOME TR Nz, IS, AF
WY GRER) IS8 L CTROWITEMER 2R 2215
ek olze PELY IC&ENAPHEEWEICOWTE,
B, WeEE, 7oVt VBEOARBER N7 T VL
MEEN DA & > TEESNDBEER 2 h0E Lz
B ZHOXRTF RHDLVIET P EZ2 5N 5D,
INFTIZ, PELY ICEFTNAMBEWEOMEZ L LTI,
RAIL COMBE ML L, £— b2 L —7 (121C, 15
G7) MEELCOPRMEDME T LA WiBkZ2a L, FioH
T2 L0000 L FOBRG TS THLHILEFThhroTHED,
BAAERETTH 5,

4) H{b{REER

SRR IZ PELY IC& N DHER S VS0 A kA
WAL COW AT PSS N2 0, 58 - k%
#72PELY KD TEHOBWZEN L OBENL CEE N,
PELY # f&fh& L CHEM L7254, tho&dow b - WX

Table 10 Activities of digestive enzymes in PELY*

Total Activity Lower limit
a-amylase n.d. 50U/g
Acid-Protease nd. 20U/g
Neutral-Protease n.d. 20U/g
Alkaline-Protease n.d. 20U/g
Tripsin nd. 1U/g
Lipase nd. 50 BALB Unit

n.d: not detected.
* Plant-based extract fermented by lactic acid bacteria and yeast.

BT BEH 28 L C PELY 2B 2 SRR
PR CThi, LaL, FEE - 2% #72 PELY Ot
WREWIZIZ, 73I9—¥, Fusr7—¥ (M) T v%2E
&), V=YooV ThoWHLBELEGEEbED N o
72 (Table 10)o F72, MY 7Y v &) —LIiEMILS
FUCHEOWTNIOERAET G BEETND %0
N2, BB D e h otz FD XD RIS
bEFNTWEWVWEEZ SN,

5 FOYF—EHEEFEH
FuyF—EHEEOWERERE Table 11 1277 L 720
PELY iZBJ 5 F 0¥ F—EHEFHEEDIC50 2HHT 2
&, 585 mg/mL THho7:o PELY DR 7 =/ —VEH
13025 mg/mL THo72DT, ) 7=/ —VEhED
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Table 11 Anti-tyrosinase activity in PELY*

IC 50 (mg/mL)
PELY™ (water soluble ingredients) 585
PELY" (polyphenol content equivalent) 0.086
Scopoletin 0.24
Anisic acid 0.091
Benzoic acid 0.078
Umbelliferone 0.068
L-Ascorbic acid 0.058
Anisaldehyde 0.054
Arbutin 0.011

* Plant-based extract fermented by lactic acid bacteria and yeast.

5IC50 284 2% L 0086 mg/mL Tdh o720 THIFE
BEmR, 7AW o) 720y, -7TAIVE Vg
DFENEFRMBETH Y, PELY H ot (RY) 7=
J = MEEHF a v F— B E E LT REMEDS
H5HTEIRBEINIZ,

z =

D Eo#RI D, PELY 3L L bk 2 M1 FOR 3k
IX A E2ABRECHRIC L D REET S 2 & T, RERAED
THET, SESTLWMERERLWHHTEIL2TRELHO
TEWMFEMTH S EAVRE S NIz, PELY ITIZEEARNE
ETHhHry 3V E, IRE, RKMEWEZIELD, MEAE
HTHOHEADE T IV, IATARTIVEPEGEENT
B, TR HEEICHEICHARTEZ 774 M3 A
WRPIBILE 2 EREROKBE TR Wb TV
WEREREMER S (R 7 2 — v, EWMHES) b PELY
HICIEESHEIET B I ENFMS 2% o 720 Mt R
V) 7= ALEWIE, BURER, PEBLERR T U
VIEERER EEAL, S5 RENOMN MR, By A
W AVER R HIREE 72 & DRk~ e A HAEBIRRE R R T2 &
M5, BT, b, By, EHREMeLE LT
LIEH SN TWwWAP, PELY 3% HEH O ER 2 Hwv
TWBDT, WY (K1) 7/ —t&WLHE—TIZ
BWEEZZONBEY, SHRIZTELIESOIELHEDTY
{RETHAB, T2, PELY IZ& F AR 1200
T, Mo—FNRREBEENICIZEITNRTBY T I/
BOIETHLETIVF= U2 LMBNTERE NS ARV
2V, ARVIVY, TRLAVYDEIBRRYT I VR,
MR HRTEL AL TR ZERALNTWE T
IJBO1IHETHD yT7 I/ (GABA) & Eh s
D EZ SN,

SHIT, PERIFAENIHFET AP T IVBEEZD
NTE&72p-7 I VRS, EAEDOTHEMN DI ZE ISV
RWRIHRPIZ L EOFEPHRINTED, bl
IFLEN Y Tl 2 O F R A BB 25 H S, BERF
BHREDENTWVDL, TS DOFEREM 525 PELY 123
HEINTVLWREDSH D LEZONDL 0, Thdolk
BRI OWT A T2 0 2 Z L bS5 HOMETH %,

BEREVE RS- OKE B, PELY Q34 HIMGET L - bEEE 0

EHIERAELTB ST, HLREMEHICE L ARIZES
Nehotze £/, INOOHLERZHET LEH LR
DONGH oz, WOBHRHEEIZOWTDHFEHEMD
VBERH B, 21, PELY ICBWTEZRNESAD SN
LR O D HEEFR L LTIE, 4 YRV F =B3RBT oh
bo A vy —¥iE, WAEW, WY, BMSEHAR
WAL TBY, BWBEOTAL THIHEIRET L L
PHE SR TW5EP,

4l PELY SRR LIEH, IME _EF-HHICER, $UmfE
H, Fuyr—YlERAZET 5 LR SN, Il
ILERICB VT, BEOMEITIHESTRY 72 — s
WMLTBY, )7 /=N, EIZ75K4 Fi
XOD Z#HETZ 2 ERHMESN TV EHZ L s, KE
BRIC BT B PEBLEH O AL, FEEO SOD ki o
e R) 77—V (7984 F4%) 12&% XOD D
FHED 2 OOERIZE L LD EEZ SN,

E 512, PELY IIHUSSEIEH OBEEER TH 5 COX (¥
ratFyrF—8) 2, 7 VVEF—EHOE/NREET
HBHLOX (VERFVFF—8) T 5HEMEEZHD
ZEDTFRNRERTIEDEIMBRENTEY, LT LNV
F— R PIRIEE TS 2 A B RE 2 A L T A T fE
HdHHD, HEZNSOEHEICOWTHRFETTH S,

L7225 T, PELY BMERBROMGIZT TR, &
WEERTYiz B E LB aEmEM L LTHEAITS
LR RS o EAMTH L EEZ LN,
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