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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 588 % carbohydrate, 3.7 % protein, and 1.3 % lipid. [t contained 18 kinds of amino acids and vitamin A,
B. By, B, 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, Ivo-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
Cocci Lactococcus lactis Leuconostoc mesenteroides Pediococcus acidilactici
occl

Pediococcus damnosus

Pediococcus pentosaceus

Pediococcus urinae-equi

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

The other materials

- Grinded

Wild herbs Fresh vegetables
and fruits
- Sun-dried
| Extracted with — Washed with water
hot water — Extracted with sugar
L Filtered — Filtered
I— Blended
— Fermented and matured
[ Filtered
Product (PELY ™)

Fig. 1 Manufacturing process of PELY™.
* Plant-based extract fermented by lactic acid bacteria and yeast.
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Table 83 Microorganisms used for antibacterial effects

Strain Temperature  Incubation time Condition

Lactobacillus acidophilus NBRC13951 37C 36h Anaerobic
Lactobacillus brevis NBRC3960 37C 36h Anaerobic
Lactobacillus fermentum NBRC3071 37C 36h Anaerobic
Lactobacillus plantarum THT030701 37C 36h Anaerobic
Lactococcus lactis NBRC12007 37C 36h Anaerobic
Enterococcus fuecalis NBRC3971 37C 36h Anaerobic
Escherichia coli NBRC3301 37C 18h Aerobic
Pseudomonas aeruginosa NBRC3080 37C 18 h Aerobic
Salmonella typhimurium NBRC12529 37C 18h Aerobic
Staphylococcus aureus NBRC3060 37C 18h Aerobic
Staphylococcus aureus 1ID1677 37C 48h Aerobic
Vibrio parahaemolyticus NBRC12711 35C 24h Aerobic
Providencia rettgeri NBRC13501 30C 18h Aeraobic
Streptococcus mutans NBRC13955 37C 48h Aerobic
Helicobacter pylori JCM12036 37C 96 h Microaerophile
Porphyromonas gingivalis JCM12257 37C %h Anaerobic
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*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 Mg
Protein 37¢g
Lipid 13g
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 1mg
Selenium None
Dietary fiber (NDF™) 19¢g

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

Time course of LAB, Yeast, and pH in PELY™.
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Table 5 Amino acid content of PELY* {per 100 g)

Arginine 009 g
Lysine 01lg
Histidine 00d g
Phenylalanine 014g¢g
Tyrosine 007 g
Leucine 023 g
Isoluecine 013 g
Methionine 004 g
Valine 015¢g
Alanine 015g
Glycine 015¢g
Proline 020 g
Glutamic acid 053 g
Serine 014 ¢
Threonine 012g
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
a-carotene 25 ug
B-carotene 192 ug
Cryptoxanthin 77 ug
Vitamin Bi {thiamin) 0.05 mg
Bz (riboflavin) 0.07 mg

Bs 0.27 mg

Biz 0.03 ng

Niacin {nicotinic acid equivalent) 1.69 mg
Vitamin C None
Vitamin D None
Vitamin E (o-tocopherol) 04 mg
(B-tocopherol) None
(y-tocopherol) 0.2 mg
(3-tocopherol) 01mg

Vitamin K 30 ug
Pantothenic acid 019 mg
Folic acid 1lug

* Plant-based extract fermented by lactic acid bacteria and yeast.
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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) 212mg
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* 614
Bitter gourd 99.0
Jew's mallow 68.6
Turmeric 63.0
Parsley 407

* 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. acidophil RCL -
acidophilus NBRC13951 5% 1097
0% 517
L. brevis NBRC3960 " -
% 577
0% 140
L. fermentum NBRC3071 5% 132 -
0% 148
L. plantarum THT030701 5% 125 -
0% 139
. lacti: _
L. lactis NBRC12007 5% 138
0% 546
N _
E. faecalis NBRC3971 5% 408
0% 112
E. coli NBRi 1 -
coli C330 59% 110
0% 290
P. aeruginosa NBRC3080 5 92 0 +
0% 40
S. typhimurium NBRC12529 Growth-inhibition
5% 20
0% 289
S. aureus NBRC3060 5 92 o1 Growth-inhibition
os
S. aureus 1ID1677 g :/) 281 +
7
0% 162
V. pavahaemolyticus NBRC12711 5 o? g +
70
0% 294
P. rettgeri NBRC13501 5 o 0 +
70
(974
S. mutans NBRC13955 (5) :: 225 +
70
0% 191
H. pylori JCM12036 5 - o +
70
0% 716
P. gingivalis JCM12257 +
gingivalis | 5% 0

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

IFTRE (S pphimurium) EEBT FIIRE (S aureus
NBRC3060) l2BWTH, Zu=—¥AHRLEnT &b
LPHBRED N oledt, BRI au=—0X
ESHPPELY #RML T Wi cRBLZESG LT
RTPNE oz b, BEMIHERESA2EEZON
oo TNHOFERPS, PELY OMBEEHOANRS bV
75 hE - BEOWHFOMBE TR N, £, B
WA GRER) S L TCRYHEEREZRTI EAHS
MElol. PELY K& I NAHBEEWE ICOoWTIE,
Bk, BERR, YAt VEBEOFREBRER N TIUF VL
I ARIBEIC X o THEESNABREER 2P0 L L2
BHEREZHONRTF FHEVEY VT EFEL LN,
IRETIT, PELY CEIThARBEWHEOME L LT,
RRILCOHEEIERAFL, £— b7 b =7 (121T, 15
) MBLCHOHAEMET LEvEBEEZEL, Fion
F&2 IO UTOERGFRISTHAEILETOIoTEY,
HERZFTH 5.

4) H{LIBESER

BT PELY KEINAHER T VN7 EREA
KABLTWARTFBES NI L2, - 3WE
B/ PELY KD EHOBWENLOBENSE (& 1,
PELY # & & LTER LSS, thoRFKOMHL - BIX

Table 10 Activities of digestive enzymes in PELY*

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

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

2V AEA 2T L CPELY KB 5 SRR
RPN CHhT. LIL, FBEE - BN % &7 PELY &%
WEWE, 739—¥, Yur7—-¥ (PUTYUEE
), UN—FOonTIOHELBEEEIRD L2,
72 (Table 10)o T/, PU T v EUN—BIZEMRILSB
LFUVHEOVTNPOEREZETIRSVEENLPEHR
R, EEEETHICBER o, FOXD RES
LEITNTWhEWwEEL SR,

5) FOF—EHERE
FudFr—-—EEEOWERREE Table 1L IKR L 726
PELY KB 550 v F—EHEF RO IC50 2E BT 5
&, 585 mg/mL THh o7z PELYDREY 7o/ —VEH
#3025 mg/mL THoDT, Ry 7)) —-NVEERD

i

d
=
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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 0.063
L-Ascorbic acid 0.058
Anisaldehyde 0.054
Arbutin 0.011

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

S5IC50%2EMNTA L0086 mg/mL Thoi, TNIEFE
BE®R 7248 voXYyzury, . -TAINVE VER
OFNEREBETHY, PELY PO (RY) 7«
J = AbE T a Y S —EEEE HE L T A REESS
HDHTEDPRBEINT,

Z =

P EofER LD, PELY 3SR H kD
IEAFIABHPEBICIY BT L LT, BRYEED
HEET, SFSELWMBEBRERLWHTE LW EELHD
e BEREN THH T AR E N, PELY (CIZEARNEE
KTHhHY U0 E, BE RAKEEICD, #ERIE
HTHAHBADEY IV, IFINRTIVEIEINT
BY, ZNPSMCLBBEICEBICBEMRT AT A M3 A
NP E e ERRORBETHR Y EbA TV
WORRERMERE S (K 72—V, B b PELY
BIZRSELSFETAHIERWHSN TR ot Wi (K
) 7z = MkERE, BEEHE, SIBILERR T U
NMEEREEEEL, S5 EREHONERE WA
N AR R 7 L Ok A A AT 2R T 2 &
o, BT, TLEES, AR, EERLZELT
HEH BN TWAR, PELY BEEEOMM R+ Hwv
TWAHDT, Kk (RKV) 7=/ — MW dE—TIX
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{REThHbDH, ¥/, PELY 28 F LA EEEMERSITOW
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BOIETCHATIVI=UVROHIBBATER IS AR
IV, ARNVIVY, TRLAY YOI BEYTI VR,
B R BATRCEL AL TW B Z EFMOENT WA T
IVBOIHETHL v 7 I /R (GABA) &IN5
D EZ DA,
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WAERIZBW T, REOETIIHEsTRY 7o/ — A
BmLTBY, BV 7/ —N, EITT75EIL i
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WimE R 72/ -V (7984 F%) X5 X0D®
MED2O0FERICLAb D LEZ BN,
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