POLYPHENOL INCREASING AGENT FOR PLANT LEAVES, RESIN
PELLET, PLANT LEAF STORAGE SHEET AND MANUFACTURING
METHOD THEREFOR

Description

Technical Field

[0001] The present invention relates to a polyphéanoreasing agent for plant
leaves, a polyphenol and amino acid increasing afmmplant leaves, a resin
pellet, a plant leaf storage sheet, and a methodhanufacturing a plant leaf

storage sheet.

Background Art

[0002] Leaves of plants that are used as food meldapanese parsley and
cabbage, lettuce, spinach, Japanese radish leagas|eaves, and mulberry
leaves. Among these, as a method of long-termag®rof leafy vegetables
such as Japanese parsley, cabbage, lettuce aretbpmthe raw state, there is a
method for storing them by putting them in a bagdmaf a film having a
plurality of holes (see, for example, Japanese rRdtaid Open No. 6-199385).
In addition, green tea leaves, oolong tea leaved hlack tea leaves are
generally stored in a dried state. In recent yearglberry leaves, which had
been primarily used in sericulture, are also pratuas mulberry leaf tea (see,
for example, Japanese Patent Laid Open No. 20063Z)1and stored by drying
raw mulberry leaves after steaming them (see, fangle, Japanese Patent
Laid Open No. 9-206019).

Summary of Invention
Technical Problem
[0003] When taking the distribution or the like antonsideration, long storage

time is preferable. Therefore, when storing leadgetables in the raw state, a
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method which can store them for a longer periodimke than the bag described
in Japanese Patent Laid Open No. 6-199385 1 isretksi In addition, a
conventional method of storing tea leaves in adigtate is intended to improve
the storability after processing as a tea, and ahaote for improving the
storability of the tea leaves before processingi@sbeen known until now.
[0004] The present invention was made in view ofls@a problem and it is
aimed at providing a polyphenol increasing agemtgi@ant leaves, a polyphenol
and amino acid increasing agent for plant leavesesin pellet, a plant leaf
storage sheet, and a method for manufacturing at péaf storage sheet which
can improve the storability of plant leaves suchleafy vegetables and tea

leaves.

Solution to Problem

[0005] In order to achieve the above object, thyplenol increasing agent for
plant leaves according to the present inventionclsracterized in that it
comprises proanthocyanidins and trehalose.

[0006] The polyphenol increasing agent accordingh® present invention can
inhibit corrosion of plant leaves by a mechanismatttrehalose absorbs ethylene
released by the plant leaves and proanthocyanidinibit the oxidation action
of excessively produced ethylene oxide. In additih can increase lactic acid
bacteria by inhibiting putrefaction and as a resitltcan promote lactic acid
fermentation to increase polyphenols containedhim plant leaves. Thus, the
polyphenol increasing agent for leaves accordingh® present invention can
improve the storability of plant leaves such adyeagetables and tea leaves.
[0007] The polyphenol and amino acid increasing ragér plant leaves
according to the present invention is characterizadthat it comprises
proanthocyanidins and trehalose. The polyphenal amino acid increasing
agent for plant leaves according to the preseng¢ntion can promote lactic acid
fermentation to increase polyphenols contained he plant leaves and to

increase branched-chain amino acids and essemi@goaacids contained in the



plant leaves, thereby achieving long-term storage tlee plant leaves,
high-functionality and enhancement of nutrients.

[0008] The polyphenol increasing agent for planaves according to the
present invention and the polyphenol and amino awideasing agent for plant
leaves according to the present invention prefgraldomprise the
proanthocyanidins and the trehalose at a weigho rat 1:15 to 1:60. In this
case, increase promotion effect of polyphenols ®rtipularly high and
storability of the plant leaves is high.

[0009] The polyphenol increasing agent for plarves and the polyphenol and
amino acid increasing agent for plant leaves adogrdo the present invention
may be used in any way as long as they are usstbte the plant leaves. For
example, they are used by being applied to a shwmetwrapping leaves or a
container for housing leaves. In the polyphendadréasing agent for plant

leaves and the polyphenol and amino acid increasiggnt for plant leaves

according to the present invention, trehalose mayby of three isomers,, a

form, a, B form or B, B form. In addition, raw materials of proanthocydins

are may be grape seeds, black soybeans but other materials and
proanthocyanidins derived from grape seeds arequéatly preferred.

[0010] The plant leaf storage sheet according te firesent invention is
characterized in that it comprises the polyphenaréasing agent for plant
leaves according to the present invention or th&pienol and amino acid
increasing agent for plant leaves according toptesent invention.

[0011] The plant leaf storage sheet according te firesent invention can
improve the storability of plant leaves by beinggdsn packaging of the plant
leaves such as leafy vegetables and tea leavesgubecit comprises the
polyphenol increasing agent for plant leaves aciewydo the present invention
or the polyphenol and amino acid increasing agenfpfant leaves according to
the present invention. In addition, the plant leadrage sheet can increase

polyphenols or amino acids contained in the pla@ves. In order to further



improve the storability, after wrapping the plaetles, the inside air may be
removed. The plant leaf storage sheet accordindneéopresent invention may
be bag-shaped, box-shaped, folded, rolled or ahgragdhape.

[0012] The plant leaf storage sheet according ® ghesent invention may be
produced by melting a resin pellet comprising tlodyphenol increasing agent
for plant leaves according to the present inventorthe polyphenol and amino

acid increasing agent for plant leaves accordingh® present invention at 150
to 200°C and subsequently processing it into a sheet dbZ0um thick. The

resin pellet is preferably formed by mixing the ywthenol increasing agent for
plant leaves or the polyphenol and amino acid iasieg agent for plant leaves
according to the present invention with a resin posed of one or more of
polyethylene, polypropylene, polyvinyl chloride, Ipstyrene, polyamide,
polyacetal, polyethylene terephthalate, polycartbena ethylene-acetate
copolymer and ABS resin.

[0013] In addition, the plant leaf storage sheetacading to the present
invention may be produced by including the polyptlemcreasing agent for
plant leaves according to the present inventiotherpolyphenol and amino acid
increasing agent for plant leaves according to ghesent invention in a sheet
having air permeability. In this case, the polypbkincreasing agent for plant
leaves or the polyphenol and amino acid increasig@nt for plant leaves can be
included in the sheet by a method of immersing eesthaving air permeability
in aqueous solution thereof or a method of sprawaolgtion thereof onto a sheet
having air permeability. In addition, a sheet hayiair permeability may be
made of for example, tissue paper, cardboard pagéer papers, non-woven
fabric, textile products, dietary fibers and thé&eliwhich may be a natural
material or an artificial material. The plant lestbrage sheet according to the
present invention may contain additives such ag, sather minerals, an
antibacterial agent, an antifungal agent, a deadoaat the like.

[0014] The plant leaf storage sheet according ® ghesent invention may be



produced by including proanthocyanidins and trehalon a sheet having air
permeability, proanthocyanidins may be includedha sheet at a ratio of 250 to
300 mg/nt and trehalose may be included in the sheet atia o& 5 g/nf. In
addition, the plant leaf storage sheet accordintheopresent invention may be
produced by preparing an aqueous solution by dvésgl3 g of plant-derived
water-soluble extracted polyphenols comprising ptbacyanisins and 5 g of
trehalose in 1000 ml of distilled water, immersiagmesh non-woven fabric
(weight per area of 50 gAnin the aqueous solution so that the content of
proanthocyanidins can be 300 mg/mer non-woven fabric and the content of

trehalose is 5 g/fper non-woven fabric, and subsequently dryingfateic in a
hot-air drier at 120C for 2 hours.

[0015] Since harvest time of tea leaves is a shertod of time, it is necessary
to perform post-harvest processing work in a siperiod of time before the tea
leaves corrode. For this reason, work is concéatraon a certain period of
time and it has been difficult to ensure a stabtekwforce throughout the year.
In addition, in order to ensure a stable work fotbeoughout the year, it is
necessary to constantly perform processing andywotoah of tea throughout the
year and to store the tea leaves before processithgut corroding them. The
polyphenol increasing agent for plant leaves, tlodyphenol and amino acid
increasing agent for plant leaves and the plaritde@age sheet according to the
present invention can improve the storability o teaves so that it is possible
to constantly perform processing and productiorteaf throughout the year by
utilizing the stored tea leaves. In addition, tmakes it possible to ensure a

stable work force throughout the year.

Advantageous Effects of Invention
[0016] According to the present invention, a polgpbl increasing agent for
plant leaves, a polyphenol and amino acid increasigent for plant leaves, a

resin pellet, a plant leaf storage sheet, and ahotefor manufacturing a plant



leaf storage sheet which can improve the storabdftplant leaves such as leafy

vegetables and tea leaves can be provided.

Brief Description of Drawings

[0017]

Figure 1 is a graph showing the results of meagutive total amount of amino
acids of samples stored by wrapping tea leaves thi¢hplant leaf storage sheet
according to an embodiment of the present inven{ld@ concentration present
invention sheet, standard concentration presenéntion sheet) and samples
stored in other ways (initial, non-woven fabric ¢am, sorbitol sheet). The
measurement of each sample is conducted three fifes3) and the numerical
values in the graph show mean values thereof.

Figure 2 is a graph showing the results of measgutime water content of a
sheet-covered sample stored by wrapping mulberayde with the plant leaf
storage sheet according to an embodiment of theemteinvention and a control
sample with mulberry leaves stored unwrapped. Tmasurement of each
sample is conducted two times (N = 2) and the nucaéwnalues in the graph
show mearvalues thereof.

Figure 3 is a graph showing the results of measgutime polyphenol content of a
sheet-covered sample stored by wrapping mulberayde with the plant leaf
storage sheet according to an embodiment of thegmteinvention and a control
sample with mulberry leaves stored unwrapped. Tmasurement of each
sample is conducted three times (N = 3), the nuca¢nalues in the graph show
mean values thereof and * represents "significafiexkence (P<0.05)".

Figure 4 is a graph showing the results of measgurine DPPH radical
scavenging activity (DPPH scavenging activity) ofsheet-covered sample
stored by wrapping mulberry leaves with the plaedflstorage sheet according
to an embodiment of the present invention and arobsample with mulberry
leaves stored unwrapped. The measurement of eanpls is conducted three

times (N = 3), the numerical values in the grapbvemean values thereof and *



represents "significant difference (P<0.05)".

Figure 5 is a flow showing a method of producingngtes for amino acid
analysis of a sheet-covered sample stored by wrapmiulberry leaves with the
plant leaf storage sheet according to an embodimktite present invention and
mulberry tea.

Figure 6 is a flow showing the Sep-Pak C18 procediur the method of
producing samples for amino acid analysis showRigure 5.

Figure 7 is a flow showing a method of producingsample for amino acid
analysis of raw mulberry leaves.

Figure 8 is a graph showing the amino acid contdnGABA metabolic system
of a sheet-covered sample stored by wrapping mubkraves with the plant
leaf storage sheet according to an embodiment @f phesent invention,
mulberry tea and raw mulberry leaves.

Figure 9 is a graph showing the branched-chain amaecid content of a
sheet-covered sample stored by wrapping mulberayde with the plant leaf
storage sheet according to an embodiment of thegmteinvention, mulberry tea
and raw mulberry leaves.

Figure 10 is a graph showing the essential amind eegntent of a sheet-covered
sample stored by wrapping mulberry leaves with phi@nt leaf storage sheet
according to an embodiment of the present inventimmlberry tea and raw
mulberry leaves.

Figure 11 is a graph showing the results of meagutine total amount of amino
acids of samples stored by putting mulberry leaves bags made of the plant
leaf storage sheet according to an embodiment efptiesent invention (treated
PE, treated PP) and samples stored in commeraakylable bags (untreated PE,

untreated PP).

Description of Embodiments
[0018] A polyphenol increasing agent for plant leaya polyphenol and amino

acid increasing agent for plant leaves, a resitepea plant leaf storage sheet,
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and a method for manufacturing a plant leaf storageet according to an
embodiment of the present invention will be desedbbelow based on the
drawings.

Example 1

[0019] Tests of the storability for tea leaves ahe change of amino acids using
the plant leaf storage sheet according to the emmbeat of the present invention
were conducted. The plant leaf storage sheet toseel here was produced by
including a polyphenol increasing agent for planéavdes comprising
proanthocyanidins and trehalose (a polyphenol antha acid increasing agent
for plant leaves) in a sheet having air permeapilitThe plant leaf storage
sheet was manufactured by the following method.rstFian aqueous solution
was prepared by dissolving 3 g of grape seed-ddriwater-soluble extracted
polyphenols (the content of proanthocyanidins isv@86, trade name "Leuco
Select" from Indena S.p.A) and 5 g of trehalosel@®0 ml of distilled water.
Then, a mesh non-woven fabric (40 cm x 40 cm iresizeight per area of 50

g/m?) was immersed in the solution and subsequentigddin a hot-air dryer at
120°C for 2 hours.

[0020] Two types of plant leaf storage sheets wemrepared, i.e. a plant leaf
storage sheet which was made to have the conteptaafnthocyanidins of 250
mg/n? per non-woven fabric and the content of trehalase5 mg/nf per
non-woven fabric (hereinafter referred to as "stddconcentration present
invention sheet") and a plant leaf storage sheeichvivas made to have the
content of proanthocyanidins of 125 mdg/mer non-woven fabric and the
content of trehalose of 2.5 mgrper non-woven fabric (hereinafter referred to
as "1/2 concentration of present invention sheet'n addition, tea leaves
harvested in late April 2009 in Shizuoka Prefectwere used as tea leaves for
the tests.

[0021] Storage test of tea leaves

Tea leaves were wrapped with the plant leaf storstyget, put into a zippered



bag, and refrigerated at’@ for 15 days. In addition, as a comparative test,

unwrapped tea leaves put into a zippered bag (hefr referred to as "initial"),
tea leaves put into a zippered bag wrapped witbrawoven fabric (hereinafter
referred to as "non-woven fabric control) and teavies put into a zippered bag
wrapped with a non-woven fabric sheet which wasmialated with sorbitol
instead of trehalose of the standard concentragoesent invention sheet
(hereinafter referred to as "sorbitol sheet") weswred under the same
conditions.

[0022] As a result, in the initial and the non-wavéabric control, it was
confirmed that browning parts of tea leaves turpattid to be in a melted state,
emitting a smell like a rotten dust cloth. In ca@st, in 1/2 concentration of the
present invention sheet and the standard concemtrptesent invention sheet, it
was confirmed that browning tea leaves were mixedtéa leaves, but the
browning leaves also had elasticity and anotherlismas slightly mixed in the
smell of tea leaves. In view of this smell, ithslieved that in the tea leaves
stored by using the plant leaf storage sheet, daetcid fermentation is
progressing. In addition, in the sorbitol sheétwas confirmed that browning
tea leaves were mixed in tea leaves, but the brogvieaves also had elasticity
and there was only the smell of tea leaves. Frois rtesult, it is believed that
trehalose is required for lactic acid fermentatéord proanthocyanidins act as an
agent for improving the storability.

[0023] Measurement of the total amount of aminalaci

For each sample that was subjected to the storage amino acids were
measured by the ninhydrin reaction method. As ahwydrin reagent, a
ninhydrin coloring solution set for L-8900 (producéy Wako Pure Chemical

Industries, Ltd.) was used. Measurement sampla® weepared by adding 50
ul of each sample, 50l of coloring solution A and 5@l of coloring solution B
to a 96-well multi-plate, followed by stirring, argslbsequently heating in an

oven at 80C for 5 minutes. This was measured at 550 nm uaimgulti-plate



reader (product name "MTP-450", from CORONA ELECTRCo., Ltd.). A
calibration curve was made using one made by mixangino acid mixture
standard solution AN-II type and B type (containidgimol of each amino acid
of 40 kinds of amino acids).

[0024] The total amount of amino acids per 1 g @& teaves dry weight for
each sample was calculated based on a value meklsyre ninhydrin reaction
and the water content measured by a moisture mefEre measurement results
are shown in Figure 1. As shown in Figure 1, itswanfirmed that the total
amount of amino acids of the standard concentrati@sent invention sheet was
highest and increased by 34% relative to the ihiemue. In the case where
the same amount of sorbitol was formulated instefaiehalose (sorbitol sheet),
increase in total amino acids was not observed.

Example 2

[0025] Tests of the storability for mulberry leavas well as the increase in
polyphenols and the change of amino acids as watitin of an added value by
storage ripening using the plant leaf storage sheebrding to an embodiment
of the present invention were conducted. The plaaf storage sheet to be
used here was produced in the same producing medabdeixample 1 so that it
would have the propanthocyanidins content of 300mAger non-woven fabric
and the trehalose content of 5 mg/mer non-woven fabric. In addition,
mulberry leaves harvested in October 2009 in Kitak&ity, Iwate Prefecture
were used as samples for the tests.

[0026] Storability of mulberry leaves

Mulberry leaves were wrapped with the plant leafrage sheet and stored in a
place of 4C for 40 days (hereinafter referred to as "sheetced sample”). In
addition, as a comparative test, unwrapped mulbkrayes (hereinafter referred
to as "control sample") were stored in a place @@ flor 40 days.

[0027] As a result, compared to the initial statefdre storage, in both the

control sample and the sheet-coated sample, braywaia leaves were observed.
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In addition, it was observed that in the contraingde, something like mold was
attached to mulberry leaves and putrid mulberrwésawithout flexibility were
mixed in the leaves, while in the sheet-covered amthere were very few
leaves with mold-like substances attached theretm anulberry leaves
themselves had flexibility.

[0028] Thus, it was confirmed that the plant leabrage sheet inhibits
corrosion of mulberry leaves to improve the stoli&piof the mulberry leaves
before processing by wrapping them. The plant tafage sheet is believed
to inhibit corrosion of mulberry leaves by the manlsm that trehalose absorbs
ethylene released from mulberry leaves and proaydwoidins inhibit oxidation
action of excessively produced ethylene oxide. ngsinulberry leaves stored
by wrapping them with the plant leaf storage sheskes it possible to
constantly perform processing and production of eualy leaf tea throughout
the year, thereby ensuring a stable work forceughmut the year.

[0029] Measurement of polyphenol

4 volumes of ethanol relative to wet weight of mardty leaves were added to
each sample of the sheet-coated sample and theota@ample. The mixture
was ground, stirred and centrifuged to provide aesnatant, which was
mulberry leaf polyphenol extract. The polyphenointent was measured by
Folin Ciocalteu's method which is a colorimetricag, using this mulberry leaf

polyphenol extract.

[0030] The measurement procedure is as followsstFitOul of each mulberry
leaf polyphenol extract of the sheet-coated samplk the control sample, 10
of two fold-diluted Folin Ciocalteu's, 16Ql of reagent distilled water and

finally 20 pl of saturated aqueous sodium carbonate solutioprevent data

errors were added to a 96-well multi-plate whichsw#sed as a test vessel.
After stirring, they were allowed to react at rodemperature for 30 minutes.

The polyphenol content was calculated as gallicda&quivalent at a
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measurement wavelength of 620 nm using a multieplatader (product name
"DTX-800", from Beckman Coulter, Inc.) as a measgrinstrument.

[0031] First, for the mulberry leaves of each o theet-coated sample and the
control sample, their water contents were comparebhe results are shown in
Figure 2. As shown in Figure 2, though the sheamtted sample contained
more water than the initial state compared to thetiml sample, as a result of
statistically significant differences between wateontents of each sample
analyzed by Turkey-Kramer multiple comparison as#éyat the 5% significance
level, no significant difference was observed.

[0032] Then, the polyphenol content per 1g of beuly leaves dry weight of

the mulberry leaves of each of the sheet-coatedokmand the control sample is
shown in Figure 3 with an initial value at -8D. As shown in Figure 3, in both

the sheet-coated sample and the control samplewas confirmed that
polyphenols increased from the initial value. tddion, it was confirmed that
the sheet-coated sample had a larger increase lyplpenols compared to the
control sample and the poluphenols increased me@dithe initial value and 1.4
times the control sample. As a result of statedtic significant differences
between polyphenol contents of each sample analylzgdTurkey-Kramer
multiple comparison analysis at the 5% significankel, a significant
difference was observed between the initial valneé ehe sheet-coated sample.
[0033] Thus, it was confirmed that the plant le&brage sheet promoted the
increase in polyphenols contained in mulberry lesalbg wrapping the mulberry
leaves. This is believed to be because the plaat storage sheet inhibits
putrefactive bacteria to increase lactic acid baatand as a result, lactic acid
fermentation proceeds to increase polyphenols.

[0034] Measurement of DPPH radical scavenging aigtiv

In order to examine the antioxidative activity aflpphenols, the DPPH radical
scavenging activity was measured by DPPH methodhe DPPH radical

scavenging activity was calculated with 80% ethasolution being 100%.
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The measurement was carried out at a measurememtievegth of 520 nm using
a 96-well multi-plate as a measuring container andulti-plate reader (product

name "DTX-800", from Beckman Coulter, Inc.) as aaswring instrument.
[0035] First, 50ul of each mulberry leaf polyphenol extract of theest-coated
sample and the control sample (if dilution is neddiluted in 80% ethanol), 80

pl of 100 mM Tris-HCI (pH7.5), 4Qul of reagent distilled water and finally 40

ul of DPPH ethanol solution (5 mM DPPH, 100% ethdneére added to each

well, followed by stirring, to react for 20 minutasd a resultant was measured.
An extracted sample replaced by 80% ethanol wad aseblank.

[0036] The measurement results of DPPH radical snging activity of the
sheet-coated sample and the control sample wenersioFigure 4. As shown
in Figure 4, it was confirmed that the DPPH radisahvenging activity per 1 g
of mulberry leaves increased from the initial value both the sheet-coated
sample and the control sample. In addition, it wamnfirmed that the
sheet-coated sample had a larger increase in thBHDRadical scavenging
activity compared to the control sample and it @aged 1.7 times the initial
value and 1.2 times the control sample. As a teslbtatistically significant
differences between DPPH radical scavenging aativitof each sample
analyzed by Turkey-Kramer multiple comparison as#éyat the 5% significance
level, a significant difference was observed betvélee initial value and the
sheet-coated sample.

[0037] Thus, it was confirmed that the antioxid&ticapacity using DPPH
radical scavenging activity as an index of the stomated sample per mulberry
leaf was highest. It can be said from this tha ptant leaf storage sheet can
further increase the antioxidative capacity of gaignols contained in mulberry
leaves by wrapping the mulberry leaves.

[0038] Amino acid analysis

The sheet-coated sample was analyzed for amino. ackbr comparison,

commercially available mulberry tea (trade namerédBa mulberry tea") was
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also analyzed for amino acid. In addition, in arde check the initial state,
raw mulberry leaves kept in a freezer were alsdyaeal for amino acid.

[0039] Samples for analysis were prepared as fdlowFirst, as shown in
Figure 5, the sheet-coated sample and mulberrywte@ coarsely ground and
0.4 g of each of them was fractionated, added w@ihm| of hot water, followed

by stirring, and subsequently allowed to stand 8& minutes. This was
centrifuged to provide a water-soluble fraction gswtnatant) which was a hot
water extract (HWS). Thirty ml of each HWS wasdtianated, added with

120 ml of ethanol followed by stirring, and subseqtly allowed to stand for 30
minutes.  These were centrifuged to provide supamta which were

alcohol-soluble fractions (AS). One hundred anidtyhml of each AS fraction

was concentrated to dryness under reduced presswutaissolved in 13 ml of
distilled water to provide an alcohol-soluble hylysate (AWS).

[0040] Next, as shown in Figure 6, 2 ml of each AW&ction was subjected to
Sep-Pak C18 Plus (360 mg) and an adsorbate wasdeluth 2 ml of a solution

with ethanol : 0.1% TFA = 7:3. As shown in Figuretbe adsorbed fraction was

concentrated to dryness, dissolved in 0.02 N HQ@ fitered through a 0.2@m

filter (MILLIPORE Co.) to provide a sample for anoracid analysis.

[0041] As shown in Figure 7, about 8 g of raw mulyetea was fractionated,
added with 4 volumes of ethanol and 100 ml of 8G#arol (for agitation), and
ground and stirred using a mixer (product name €EoMill": from Shimadzu
GLC Ltd.). This was centrifuged to provide an dlobsoluble solution which
was an alcohol extract (AS). Two ml was taken frdns AS fraction, added
with 30 ml of distiled water to about 5% of alcdhooncentration, and
subjected to the operation shown in Figure 6 uSeg-Pak C18. The adsorbed

fraction was concentrated to dryness, dissolved.i®d2 N HCI and filtered
through a 0.22um filter (MILLIPORE Co.) to provide a sample for amo acid

analysis as with Figure 5.

[0042] The amino acid was measured by the ninhydeaction method using
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each prepared sample for amino acid analysis. @088inhydrin reagent set
for amino acid analysis and an amino acid analypeoduct name "L-8900",

from Hitachi High-Technologies Co., Ltd.) were usid measuring the amino
acid content. The reaction condition was as fodowZero point one ml of
analytical sample, 1 ml of nynhidrin reagent, 1 ail ninhydrin buffer were

mixed in a test tube and were allowed to react ihoding water bath for 3

minutes. This was measured at 570 nm, determithegconcentration.

[0043] For the sheet-coated sample, mulberry tehraw mulberry leaves, two
samples for amino acid analysis were prepared, edsgely. The prepared
samples were measured for various amino acids otsitéo calculate the
contents per 1g of solid, and mean values of thesuement results of two
samples for each of the sheet-coated sample ("pteiseention treatment"),

mulberry tea and raw mulberry leaves were calcdlateThe results are shown
in Table 1, Figures 8, 9 and 10.
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[0044]
Table 1
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[0045] The following was confirmed by amino acidadysis. As shown in
Table 1, Figures 8, 9 and 10, by wrapping mulbdegves with the plant leaf
storage sheet (present invention treatment), coathao raw mulberry leaves
which are considered to indicate the initial stbédore storage, aspartic acid and
glutamic acid, which are raw materials for GABA mletlism, were increased,
but GABA (g-ABA) was decreased. Sulfur-containimgnino acids which
control antioxidative action and protein metabolissh organisms had no
significant differences between raw mulberry leawes the present invention
treatment. Branched-chain amino acids (BCAA) whitave a function of
promoting energy combustion and synthesis of musitlers such as, valine,
leucine, isoleucine were increased by the presemiention treatment.
Essential amino acids such as, histidine, phenglak threonine, lysine were
increased by the present invention treatment. {bl@ amino acids content of
mulberry leaves subjected to the present inventieatment became about 1.8
times that of raw mulberry leaves.

[0046] It is known that in tea leaves and mullgeleaves, glutamic acid is
produced from aspartic acid and GABA is produced decarboxylation of
glutamic acid under an anaerobic condition. Asvamdn Table 1 and Figure 8,
when stored in the plant leaf storage sheet, GAB¥ wlecreased compared to
before the start of storage, but aspartic acid glmtemic acid, which were raw
materials, were increased. One possibility of dasing of GABA may be that
a reaction with amino acid transferase has proagedd&hat is, the possibility

that a reaction which produces glutamic acid + succsemialdehyde from
GABA + oa-ketoglutaric acid has proceeded by g-aminobutyrcid

aminotransferase can be considered. However, campaeduction of GABA

and increases of aspartic acid, glutamic acid,itlceeases were clearly larger.
In addition, in the mulberry leaves stored using thlant leaf storage sheet,
many kinds of amino acids such as branched-chaim@amacids, acidic amino

acids and essential amino acids were increasedougdth the mechanism of
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these increases is not clear, it is believed teaméntation of mulberry leaves
proceeded to decompose proteins, which causedtreases of the amino acids
or that fungi generated them during fermentation.

[0047] Thus, by storing mulberry leaves using thanp leaf storage sheet, it is
possible to achieve long-term storage, high funaidy and enhancement of
nutrients and mulberry leaves can be raw materifds tea with high
functionality.

Example 3

[0048] Tests of the change of amino acids whenl@aaes were stored using the
plant leaf storage sheet according to an embodinoérthe present invention
were conducted. As the raw materials of the plaaf storage sheet to be used
here, a polyphenol increasing agent for plant Isaveomprising
proanthocyanidins and trehalose (a polyphenol antha acid increasing agent

for plant leaves) and a resin pellet formed by mixipolypropylene or

polyethylene melted at 150 to 20D were used. The plant leaf storage sheet
was produced by melting this resin pellet at 150 2@C, subsequently

processing it into a sheet of 20 to fith thick. The resin pellet and the plant

leaf storage sheet contain 0.2 wt% of a polyphdanoteasing agent for plant
leaves comprising trehalose and proanthocyanidirssveeight ratio of 20:1. A
bag made of the plant leaf storage sheet using pwopylene (hereinafter
referred to as "treated PP") and a bag made oplhmet leaf storage sheet using
polyethylene (hereinafter referred to as "treat&d)Rvere used in the tests. In
addition, mulberry leaves harvested in 2010 in Katai City, Iwate Prefecture
were used in the tests.

[0049] About 30 g of mulberry leaves were put imtach bag of the treated PP
and the treated PE. In addition, as a comparatsg about 30 g of mulberry
leaves were put into each of a commercially avddalbag made of
polypropylene (hereinafter referred to as "untrdaRP") and a commercially

available bag made of polyethylene (hereinafteemefd to as "untreated PE").
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These bags were refrigerated 4C4with their bag mouths open. The retention

period of the treated PP and the untreated PP @akags and that of the treated
PE and the untreated PE was 22 days.

[0050] Amino acid analysis

Samples for amino acid analysis were prepared énsdime manner as Example
2, as follows. First, about 7.5 g wet weight of Ibarry leaves were added
with 4 volumes of ethanol (about 30 ml) and 30 mB06% ethanol, followed by
grinding and stirring, and centrifuged to provides@pernatant which was an
extract. This was prepared in triplicate for eaeimple.

[0051] Next, 1 ml of AWS fraction of each extractisvsubjected to Sep-Pak
C18 Plus (360 mg) and adsorbate was eluted withl2ofma solution with
ethanol : 0.1% TFA = 7:3. In addition, 2 ml wakea from AS fraction of raw
mulberry leaves, added with 30 ml of distilled wate about 5% of alcohol
concentration, and subjected to the same operatsomg Sep-Pak C18. These

adsorbed fractions were concentrated to drynessotiied in 0.02 N HCI and
filtered through a 0.22um filter (MILLIPORE Co.) to provide samples for

amino acid analysis.

[0052] The amino acid was measured by the ninhydeiaction method using
each prepared sample for amino acid analysis. Asirdydrin reagent,

ninhydrin coloring solution set for L-8900 (producéy Wako Pure Chemical
Industries, Ltd.) was used. The measurement sanpéze prepared by adding

50 ul of each sample, 50l of coloring solution A, 5Qul of coloring solution B
to a 96-well multi-plate, followed by stirring, arsibsequently heating it in an
oven at 80C for 5 minutes. This was measured at 550 nm uaimgulti-plate

reader (product name "MTP-450", from CORONA ELECTRCo., Ltd.). A
calibration curve was made using one made by mixamgino acid mixture
standard solution AN-II type and B type (containidgimol of each amino acid

of 40 kinds of amino acids).
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[0053] The total amount of amino acids per 1 g lbé tmulberry leaves dry
weight for each sample was calculated based on laeveneasured by the
ninhydrin reaction and the water content measungdc moisture meter. The
measurement results are shown in Figure 11. Tted sonount of amino acids
was shown as the mean value of three samples. hé@wrsin Figure 11, it was
confirmed that the total amount of amino acidshod treated PP was larger than
that of the untreated PP, and the total amountnoiha acids of the treated PE

was larger than that of the untreated PE.
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Claims:

1. A polyphenol increasing agent for harvested plaaves, characterized
in that it comprises proanthocyanidins and trehalos

2. A polyphenol and amino acid increasing agenthfarvested plant leaves,
characterized in that it comprises proanthocyarsdind trehalose.

3. The polyphenol increasing agent for plant leaaesording to claim 1 or
the polyphenol and amino acid increasing agentpilant leaves according to
claim 2, characterized in that it comprises the amthocyanidins and the
trehalose at a weight ratio of 1:15 to 1:60.

4. A plant leaf storage sheet, characterized int thtacomprises the
polyphenol increasing agent for plant leaves acie@rdto claim 1 or the
polyphenol and amino acid increasing agent for plaaves according to claim
2.

5. A resin pellet for manufacturing the plant lsadrage sheet according to
claim 4, characterized in that it comprises theypbknol increasing agent for
plant leaves according to claim 1 or the polypheadl amino acid increasing
agent for plant leaves according to claim 2.

6. A method for manufacturing a plant leaf storapeet, characterized by

comprising steps of melting the resin pellet acaogdo claim 4 at 150 to 20C

and subsequently processing it into a sheet ob2R0qum thick.
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