1 PRODUCE TREATMENT METHOD The present invention
relates to a produce treatnent nethod, especially a
nmet hod for storing fresh food produce and conesti bl es
derived therefromand for controlling the total
viability count and surface pathogen count. In
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The rSr@Eé’rﬁ M#{&ﬁibh r%boééé(}.o\%ﬂ“a GBahQr ’geﬁtH{eRfa r%g@aalgp'a{nﬁwethod for

res roduce an COITESt rv
storingtfreghdood peasiuee aMtqwmerstgtH@s 6¢rIV@érth%rreﬁomaamﬂ R gorEolling the total

VIablllﬁﬁ&ﬁ}?ﬁ %qd LA p& gM%éi &;L{?\t Ik HlCﬁB?% Pﬁ naleﬁés to a method

and re vel engt

by
for stglmg Vﬁﬁ@ ps%weml Fn daifs proguethe meal GTOdFJP'fés hamﬁed plant parts,
harve@fqu’Hﬁ@ [Wghtl c%ll!; bor 'h§rv@§(58‘ p%rnt ﬁééﬁl@%éf‘ém dhd ﬁf@@/‘iaﬂlw 8odr® and/or

he range of from-2 C, and uses such
surfacwap@qhgg@] lgguRifon rtrgqqfresmrqqdagrpgp@ ang @ﬁmeﬁhtﬁ@;s derived from it are

treate%p\ﬁiﬁl fidraads| QbrtkW- @Véleﬁlgm%&éﬁ ﬁ@r’r‘lechéfvfs‘ﬁﬂé %?l‘i’tnsﬂetiﬁfum such as
| evel s” of secondary npounds of the r opanoi d

red, g, ey edANE e ‘ya\(ﬁ'%‘gﬁ@t PfdighipRY @@Qlyme gﬁh‘P‘&t"‘@W'e@@FB? e dhe said

fresh %&*brﬁau@\ﬁﬁ%l ﬁh@héua ®r %P@U‘étaa {exe}»%eat&ﬂéuh Mhe e d?trof -25°C to
984) Proc. Natl. Aced 81, 1102-1106) and

+45° W@ﬂd@ﬁ%OEWW\%’@'e(‘B@ﬁ%\*ﬂmer A et al (1996) The

Pl ant Journal 9, 63-69 and Christie, J.M and

Jenkins, GI. S%1996) The Plant Cell 8, 1555- 1567%{
Ultraviglelrligh fand speaicallydyY-Bh éaknasmoiethave effesss Bndhe dryels: ofgecondary
comp@und%'"tﬁﬁﬁ’é bﬁer@@ﬂﬂ%@ﬁ&é paih%k/ 'éﬂbl@ﬁtsw ééli%ﬁ onMe?Yé{jm&t&y enzymes

fl avonoi adr a, J. B. ()
such Z%PF%W'?'F'{@ qrﬂ'ﬂ‘on'ﬁdﬁfﬁf(w%%%h'geéi/&9%471’3 B%?ONQ d4Ca Sci., USA,

81, 11@41811{@3) aRd dhblc@he cHRASe @éydcﬁﬁmrmsgw (4§9 13%3 Plant Journal 9,

('1/ ant hocyani ns (Yatsu at Pl ant
3-89y OBy o N 980, ol SBUThGINAE Ot 8 SPorARRr). Fhere are
many( pdstished Fepsits DRIUV-BAGRELIatRAI of, ph@ﬁh&%or@b@ﬁd@Lﬁ&hdlﬂ Gurface

et acyani ns ((Rudat and Gorin

ﬂavor@é% art ﬂayg@o'i%zf%%é .t Res@d cld er@ﬁasS ﬁav@)98@en Zafschitt fur

Naturrdmiﬁuﬁgt &dcperNeBm apk atadee frengeal( @Wpelohytogvjelﬁﬁﬂy 45, 1377-
evar

1383)p angzoca@mm"éqtfum%“'%%gf Ta3td), hon Bnilogy €L Riestet and

Oelm@l&@l RStanU\/Mbhghil (1'9?8)32%0 (N&P4%cabl aot, aU$24 824 9324%328) and

Jnl
betac&ﬁanq:l(ﬁggqat, & ENldl §§JFI3$ %1§%5) " I%ma)t B()tnﬁq, 52%24634} and these
Comp3l9n<f88havé:5’eé?r543§@3tédeﬁdih il @gant H@fe@@@'(Cﬁé’xipeq]n JOoind HaBIbrock, K.

i r fr | cal l n:
(1984(51 ?\/a?ure 31q g;gt (9 cheevetlr%I B et %'/tﬁgg%yp%}‘?tgn %o,u 137-140) and as
protection against UV-light (Lois, R. (1994) Planta 194, 498-503; Ziska, L.H. et al (1992)
Am. Jnl. Bot. 79, 863-871 and Fiusello, N. ef al (1985) Allionia (Turin) 26, 79-88).

FR 2542567 describes the application of blue and/or red light to certain fruits, typically un-
harvested fruits, at night for periods of long duration measured in days. Furthermore, it
seems that certain measurements were made on leaf discs incubated in a 0.1 mole sucrose
solution in an incubator. The object of that invention appears to be to alter anthocyanin

concentration in the skins of the fruits to make them appear more attractive to the consumer.
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Advantages of the present invention will become apparent from the foregoing description

and examples.

It has now been observed that by shining or directing red and/or blue light wavelengths onto
fresh produce such as vegetables and fruits, the total viability count and/or surface pathogen
count can be substantially reduced and this leads to a concomitant decrease in spoilage
and/or improvement in shelf life.
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“Fresh produce” for the purposes of the instant invention includes dairy products such as

cheese, milk, cream, créme fraiche, and yoghurt, meat such as raw meat, processed
meats such as cooked meats, raw fish, processed fish such as cooked fish, harvested
plant parts, fruit and plant cells and products made from fresh produce such as so-called
ready meals available within retailer outlets such as supermarkets, salad bars and the like.
Typically, where such fresh produce is frozen, it may be held within a temperature range of
from -15°C to 0°C, preferably from about -10°C to -0.5°C. However, where the fresh
produce is stored under freezing conditions, it may be stored at -15 to 0°C, depending on
the length of storage envisaged, and the type of fresh produce that is being stored.
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The wavelength of blue light used may be selected from the range of from 410nm to 490nm
such that the selected wavelength of blue light is, or wavelengths of blue light are, capable
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light at any given energy
Furthermore, it is to be understood that the light wavelength or wavelengths employed in the
present invention is or are selected from so-called ‘cold light' wavelengths but does not
constitute infrared wavelengths or UV wavelengths. Thus, the wavelengths or bands of light
used lie in the range of from 420nm to 480nm for blue light; and/or 600 nm to 700 nm for red
light or in any combination of light wavelengths therein depending on design. Examples of



ratio may be enployed in the nethod of the invention.
For instance, the energy ratio of Blue Ilight : Red
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than the light pulse interval. Typically, the total viability count and/or surface pathogen count
is depressed, that is to say, is reduced on the application of light to the fresh produce of

interest over time intervals as described herein, such as plant tissue or plant cell culture or



than the light pulse interval. Typically, the total
viability count and/or surface pathogen count is
depressed, that is to say, is reduced on the
application of light to the fresh produce of interest
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tissue or plant cell culture or 7 plant cells as
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culagegnoisismoedfosa spetics| slgaesr é@ngomatic embryo clusters and fruits such as
tomatoes, apples, grapes, unripe (green) bananas, mangoes, citrus fruits such as lemons,
oranges, limes and grapefruit, kiwi fruit, pineapples, and the like. Naturally, the man skilled
in the art will appreciate that “fruit” is used in the context of the shopper at the supermarket
or greengrocer.

In a further embodiment, there is provided use of blue, red, or a combination of at least blue



protonema) from physcomtrella patens, and other plant
cell cultures e.g. callus cell cultures, cultures of
| ernospora speci es, algae or even somatic enbryo
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‘Cover’ is to be understood as a general term and may be taken to mean a receptacle in
which the plant material or plant cells may be placed, for example a closed container with a
built-in light source therein, such as a refrigerator unit comprising an inbuilt light source that
can be activated on demand for a pre-determined time interval. Thus, under cover may
include a cooling means, such as a conventional refrigerator (a domestic refrigerator or a
commercial refrigerator) comprising a light source capable of emitting light selected from the
wavelengths of light as hereindescribed. Alternatively, ‘under cover’ may be taken to mean a



seconds, for exanple 30 seconds up to a few m nutes,
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processed foods such as soups, vegetabl e-based sauces
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green vegetables are most usefully exposed as herein-described immediately before
processing (e.g. freeze drying, adding to processed foods such as sauces, soups, canned
goods and the like), that is to say after the harvesting of cuttings from such plants and/or the
provision of young plants for processing e.g. as dried herbs. Dried herbs treated with light
as outlined herein immediately post-harvest, for a short period of time, particularly those
measured at the 5-leaf stage, are considered to display an increased aromaticity relative to
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It is to be understood that the teaching of all references cited herein is incorporated in the
instant specification.
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of the invention are described in granted British

Reflikk SR S@ngéq}égg% and British patent application

nunber the teaching of which is
i ncorporated herein by reference. It is to be

Ligl?}‘tﬁﬂt%h&ﬁé@ﬂekhﬁéash@t Ase@ﬁ{yd g t?ﬁ li@ﬂt_i@b%sit&?frﬁn@ﬁﬁf%u@%&&ﬁ the plant
erein is_incorpora in e instan peci fication.
matgpal Ueig 3 JARL EFBe-di HICOTD BB e rlor et sremenel i 485 L-
CORaCdrpérafien, ludM)ng exanples. It is to be understood
that the exanples are not to be viewed as limting the
scope of the invention in any way. Exanples Section
Spif&B &aves wbe hinfSaeg|vethCed 8690 UNB0G baoterid of 1RsengorkdiNas siringae

DC3000 suspended in 0.2 ml of 10 mM MgCl. 8 hours after exposure to the given light
conditions using blue light LEDs (333/2UBC/C340, GaN/SiC supplied by Everlight
Electronics Co. Lid. Taipai 236 Taiwan) and red light LEDs (Futur LED Red Type R210R2-
M, Swarco Austria). 96 h later, after having been exposed to ambient white fluorescence
light in a 12 h photoperiod in 15 degrees Centigrade + 3 degrees in 60% relative humidity
titration of TBC was performed.

C. Peas
Peas were treated as described for the spinach samples provided above. Alterations in the
levels of Pseudomonas siringae DC3000 are observed.

D. Green cabbage



Control, anmbient light 11.75 x| OE6 Bl ue |ight 60

mcroE 4h 1.05 x 10E5 Red light 100 m croE 4h 7.63

Xx10E4 Red and Blue 160 microE 4h 5.71 x10E4 Table 1
1) Baby Spinach | eaves (red and blue light) Results
are shown in Table 1. Light;jntensities were neasured
as being the light intensity striking the surface of

the plant material using a |light nmeter (e.g. LI-COR

Grepnassbuager etda'alomatrem apdupbomeiet was nredied ablde&&ﬁ),ed fdr-th€&hnach and

oo G055 ) PRLERE PRS- P gt g o

obssingdended i n 0.2 m of 10 MM MgCl 2 8 hours after

exposure to the given |light conditions using blue

| i ght LEDs (333/2UBC/ C340, GaN Si C supplied by
E. @xeenhegh® FEl ectronics Co. Ltd. Taipai 236 Tai wan) and
Grdefd béér&hbbtlah‘;@é f?d:n#'té”subégaa%g W&%e%?ejdogg de%nb%‘&afncﬁe above

Austri a). | ater, after having been exposed
exampiee r‘i‘ite'\%ﬁ‘?ftsé” fhed%\fe@sféé’ﬁeléfomon@ﬁﬁlfwwe@q 80¢p are observed.
phot operiod in 15 degrees Centigrade 3 degrees in 60%
E el atlve hum dity titration of TBC was performed. C.
Btas were treated as described for the spinach
Snmmphﬁmpmgl\/iodad)maetrorﬁld ﬁrp&trhmst wevetthrated &y @bscribéd in the

b d
e AR 7Rl e B S Rl ferd o Do sbaanserves
was treated as descri bed for the spi nach and pea

sanpl es provi ded above. AlteraCFdafter96 hhe | evel s of
Sarpleudononas siri ngae DC3000 ar €oloah Ferming. Urits cdunes)/ 10 mg FW

Cofiealnambient righeans obt ai ned Tr gnvaxsogser mar ket wer e
Blukllight 60 nilSrotemCr i bed in the abopwex1exanpl es.
Red\ig®y ®0i Aiesolt Bht he | evel s of esdogmnas siringae DC
Red8RE BRicc1 SWGRN O AR 7.71 x10E4

Table 2

1) Baby Spinach leaves and CFU after infection with P. syringae (red, blue, and red
and blue light)

Results are shown in Table 2.

Light intensities were measured as being the light intensity striking the surface of the plant
material using a light meter (e.g. LI-COR quantum radiometer photometer, model LI 185, LI-
COR Corporation, USA).

Plant tissues were infiltrated with P. syringae strains that had been grown overnight in
peptone/yeast extract/glycerol medium (NYGB) at 28 °C (Turner et al., 1984, Mol. Gen.
Genet. 195, 101-107) medium and then washed twice with 10 mM MgCl,. The bacterium
strain used in this study was Pseudomonas syringae pv. tomato DC3000. An appropriate
dilution, 17.500 bacteria in 1 mL of 10 mM MgCl, was inoculated into the underside of intact
leaves using plastic syringe without needle (Swanson et al., 1988, Mol. Plant-Microbe



F. Snow peas Snow peas (nange tout) obtained froma
supermar ket were treated as described in the exanples
above. Alterations in the |levels of Pseudonobnas

siringae DC 3000 are observed. CFU after 96 h Sanpl e

Col ony Forming Units countgs/ 10 ng FW Control,

anbient light 1.75 x10E6 Blue light 60 mcroE 4h 1.05

X 10E5 Red light 100 m croE 4h 5.63 x10E4 Red and

InterBtis e 11680y Spnﬁﬁcmnea?/eg IwerkOffecteBallitt 2a 135(Baby 58pi prtdtia of

d f
paolgBitFindiiaes M bk, Rl L AL IARS B il ot
expobatd ® fhe diveyhlight nbeditinsi wsngneite llg’eTaSEID@(ﬁ@é?L!fé@/ﬁ@"rQ HaaN/SiC
supphe?g El/%:~I %ﬂ%léc\[roﬁﬁé bﬁ tng 1d %l %(% "'%E 0%8}%@@ héﬂt@@bs Futur LED

RedrTyge iB3I08L- l\ﬁ;rﬁwamce?gﬁna)nﬁgéﬂ lajer, quzr, hayipg b@grgexposed to ambient
whnt%ﬁro'?&!c%hbeo ht Y2 h Bh(ﬂ&gerﬁﬁ WW&edP@éseCérﬂ@ddbr@ @ébré‘lést fh 65%

|nga stral ns been gr own overnlght

relatp/é;b?umwydéamn @QFNMS/WWS afgtm at 28 C
(Turner et al., 1984, Ml. Gen. Cenet, 195 101- 107)
rredl um and then vvashed tvvl ce hCl 2. The

2) Ba 3 A o TV hi 3 80 gng e B, |\ yononas
syrl ngae pv. torrat 0 DC3000 An approprl ate dilution,
17.500 bacteria in 1 nL of 10 mM Myd 2 vvasmoculated

Tabled o the underside of intact |eaves usi ng plastic
syringe w thout needl e ( SwansaWCedfterl72h iddidationir 30° C

Pl ant-M crobe 13 Interacts. 5-9 i h | eaves
Samplg ¢ infected with ca 3500 5 Cboé%%?f{a)gg:?&

chu@gm mi ringae DC3000 s ded in 0.2 m of 10
ours after expos E@t he given |ight
X

B'”"d‘ﬁﬂ'\}%" ’B‘ﬁ%"%gl ng blue light L 1 2UBC/ C340,

Red@i@N( o6 microgphi ed by Everl i ghts.é3@oEsoni cs Co. Ltd.
pai 236 Taiwan) and red Ii (Futur LED Red
Redﬂ‘ﬂ@'ﬁ?i@w WPESRar co Austria @é%ﬁal ater, after

havi ng been exposed to anbi ent
In the second experiment (results are presented in Table 3) Spinach leaves bought from a
supermarket are exposed to the given light conditions using blue light LEDs
(333/2UBC/C340, GaN/SiC supplied by Everlight Electronics Co. Ltd. Taipai 236 Taiwan)
and red light LEDs (Futur LED Red Type R210R2-M, Swarco Austria). 8 h later, after having
been exposed to ambient white fluorescence light in 15 degrees Centigrade + 3 degrees; in
60% relative humidity titration of Total Viable Count (TVC) is performed. 10 g of fresh weight
plant or fruit tissue is homogenized in 90ml of MRD to produce an initial dilution of the
sample of 1:10. MRD consists of Peptone 1g and Sodium Chloride 8.5g per litre of de-
ionised water. 1ml portions of the homogenate are inoculated into empty sterile Petri dishes.
With high TVC count, 1m! portions of the homogenate are added to 9ml volumes of MRD to
produce further 1:10 serial dilutions. 1ml volumes of the dilutions are then inoculated into
Petri dishes. Approx 18mi of molten SPCA at 50°C is poured into each plate, mixed and
allowed to solidify at room temperature. SPCA constitutes Yeast Exiract 2.5g, Pancreatic
Digest of Caesein 5g, Glucose 1g, Bacteriological Agar 15g per litre of de-ionised water.
The solidified plates are incubated at 30°C for 3 days after which plates with colonies in the
range 30-300 are counted and multiplied by the dilution factor of the plate to give the



white fluorescence light in a 12 h photoperiod in 15
degrees Centigrade 3 degrees in 65% relative
hum dity titration of CFU was performed as descri bed
above. 2) Baby Spinach | eaves and TVC (red, blue and
red and blue light) Table 3 TVC after 72h incubation
in 30 C Sanple TVC counts / 1 g FWControl, anbient
light 8.55 x1 OE5 Blue Iight 60 mcroE 4h 1.05 x 10E4
nurhigst of t@rty d@dindirGisPler lamAcieA) silth&B3mplRed and Bl ue 160
m croE 4h 4.25 x10E3 In the second experinment (results
are presented in Table 3) Spinach | eaves bought froma
3. Pagser mar ket are exposed to the given |ight conditions

usi pg. bl light LE 3 . j :
ool iy BRSPS o S s, s
proVidesvabpve imther setohd gxperineDs (T#hke 3 AEDaiRed imyipe TVC levels are
obsBAEAR2-M  Swarco Austria). 8 h later, after having

been exposed to anbient white fluorescence light in 15

degrees Centigrade 3 degrees; in 60%relative
4. dveRh@hblade tration of Total Viable Count (TVCQ) is

per f or med. of fresh wei

10 % ht Pl ant or fr'bj%}ﬂc ti?‘sue.
Creey pripagR MbENEd] Forg(RISUBIMRRE! i% ERIGH RS dageriPed (9ralne spinach
(exgérﬁrh'érit qn?ﬂf 2} b p§:§il('634p@rirflént 32& k@gwpl’é@fbr@\ﬂd&ll %@eoi\lteraﬁons as in
_Pept one nd._Sodi_um oride 8. i of de-
SPITSR08geadrBF CFB G oserioBRs Sanoep i DR g oBServed.
i noculated into enpty sterile Petri dishes. Wth high

\/ nt, 1 m portions of the honogenate are added
5'%8%??%%'\'/% unmes of MRD to produce further 1:10 seri al

Gregin| hebhoolgaindd from\acupenssarket atetesatid astdesaripedifer thérefrinach samples
j bt tr j r of
proldBB S Bh i W Secorl e aIRTan R REerdtlif ) 07 VP Rovels are
obsgrvedwed to solidify at room tenperature. SPCA
constitutes Yeast Extract 2.5g, Pancreatic D gest of
Caesein 5g, G ucose 1g, Bacteriological Agar 15g per
6. §now Bea¥ de-ionised water. The solidified plates are

Sndw pebat@bndd todf Gtidified3frélnYs s@fanfbrkehhehirgttéd 85 desdribed for the

.colonies in the range 30-300 are cou d glg L
SPIRA CPPIRS BBYEALOUT Pty BH6oS Eaest Bt L RBiegy-AhEaing e TVC
levdiberelgbservadber of colony formng units per gram

(cfu/g) of the sanple.
7. Apples
Apples obtained from a supermarket are ireated as described for the spinach samples
provided above in the second experiment (Table 3). Alterations in the TVC levels are
observed.

8. Oranges

Oranges obtained from a supermarket are treated as described for the spinach samples
provided above in the second experiment (Table 3). Alterations in the TVC levels are
observed.

9. Kiwi fruits

Kiwi fruits obtained from a supermarket are treated as described for the spinach samples



3. Peas Peas obtained froma supermarket are treated
as described for the spinach sanples provided above
in the second experinent (Table 3). Alterations in the
TVC |l evel s are observed. 4. Green cabbage G een
cabbage obtained froma supgrmarket is treated as
descri bed for the spinach (experinent 1 and 2) and
pea (experinent 2) sanples provided above. Alterations
providedi above i rihe fsegont! prreriment KEabRFB). oAlteraiiond dmdhad VC levels are
44 ngae DC3000; and TVC are observed. 5. Green beans
een beans obtained froma supernmarket are treated as
descri bed for the spinach sanples provided above in

10. ERGeseERdHliapperi nent (Table 3). Alterations in the
TVC |l evel s are observed. 6. Snow peas Snow

eas
Cheesg iy ebteiad ropheatupetnd kg mnd Seaset ﬁ‘ﬁrq?é?”bgﬂequ’%éﬁ &y second
expéfndit 8ddpb@e: thelchédte is fitiBAREd SAdPkE BoRbgatistad ARDatitRs in TVC
in the second experinent (Table 3). Alterations in the
are QRjervedevel s are observed. 7. Appl es Appl es obt ai ned
froma supermarket are treated as described for the
i nach e provi ded above in the second
11'é§ﬁé?$%€ﬂ%¥g#§%}e 3). Alterations in the TVC | evel s
Fillebsteak dibsadr is exdbiaiied Brmargagpebnanhegieandoindaaéd esl desaitred above in the
seco%&ipe%{p%ﬁﬁnbr?ﬁ e@%@t ’Eh%?@\teerqeé'ﬁs ﬂﬁﬁ\%éérﬁ&% Uy Eaﬁleﬁﬁqn%ﬁ&%cedures.
sanpl'es provided above in the second efberlnen
Alteatiens i@ TYC. aralobegmdeéd.ons in the TVC level s are
observed. 9. Kiw fruits Kiwi fruits obtained froma

supermar ket are treated as described for the spinach
12. Boptpvdehigken) pr ovi ded above in the second experi ment

Chickd by &ast) are AliBRat r&ASa blipetRBYkdiVind B¥REP add8scribed above in the
second experiment except that the meat is homogenised using conventional procedures.

obs

Alterations in TVC are observed.

13. Fish (halibut)

Halibut fillets are obtained from a supermarket and treated as described above in the
second experiment except that the fish is homogenised using conventional procedures.
Alterations in TVC are observed.



observed. 10. Cheese (cheddar) Cheese is obtained from

a supermarket and treated as described above in the

second experinent except that the cheese is

fracti onated and then honogeni sed. Alterations in TVC

are observed. 11. Raw neat (fillet steak) Fillet steak

(beef) is obtained froma suﬂ%rnarket and treated as

descri bed above in the second experinment except that

the neat is honpgeni sed usi ng conventional procedures.

Alterations in NC are observed. 12. Poultry (chicken)

Chi cken breasts are obtained froma supermar ket and

treated as descri bed aboveﬁL Eﬁg second experi ment

except that the neat is ho 6 sed using conventiona

procedures. Alterations in TVC are observed 13. Fish

(hallbut Hal ibut fillets are obtained fro o

‘Lf@f SiQFg fr?%hrer@aU%eab%@emebaéwe%mthﬁﬁa@%of from -25°C to

+4§°@C Wh@ré?%lﬂ%rﬂo@ mabmtsc&mnt bheﬁe §tb|edffre§h pr@dd&@ﬂ@g@jvcééi%y treating

usi ng conventional proced Alterations in ?
thegiyadyGeapith ight we@{pr,\&hg selgcfﬁgtﬂpgbthed@suge thtﬁ@eptpg’g glone and from

quBm@ﬁ‘NF&iI@]‘hté\'é@dfﬁlﬁhﬁﬁdﬁcﬁré‘dtéﬂt%nﬂbﬁ:eﬂ@ﬁige of from-25C
to +45C, wherein the total viability count of the

stored fresh produce is reduced by treating the

2. Pr RGLRodMor Bohttdliig the Ysthienigbihsg cé@ite@treeh {)rfoﬁmzé be&ing held or stored
visible |ight spectrum al gne and from b [

at Ftgbergiurs T BRIBRGR PURDB SP(d T4RE. SHEPTI G ther g of Beating the

pro‘ﬂuB@bp%ﬁmfr@rorﬁ@ﬂ{eréﬂrﬂab@%ér&ﬁ Hycﬁtﬂ’éastlﬁ’@lléHtierﬁ ﬁgl Ateadb light of at
fresh produce bei n% held or stored at a te

leahoneneEYalangE BAISHPOIFPTBE VI K SPRedHB 312N e diisgignt red
ligitfor r @atdirR@on Bﬁredﬂibﬁtdél'@olbé’l@h' ning onto the surface
thereof by at |least one light-emtting nmeans |ight of

at | east one wavel ength selected fromthe visible

3. | | @hhethO® 8EdHMAtPASNANGr ElaPAR b\k/h@ei'nltﬂ@fresﬁ fddutd Belected from
or a conbinatjion of red |ight and blue Iight.
dairy products, meat, fish, poultry and harvested plant parts

4. A method according to any one of claims 1 to 3, wherein the fresh produce is held at

a temperature in the range of from -25°C to 0°C.
5. A method according to claim 4, wherein the temperature range is from -15°C to 0°C.

6. A method according to any one of claims 1 to 3, wherein the fresh produce is held at
a temperature in the range of from -0.5°C to 16°C.

7. A method according to claim 6, wherein the temperature is in the range of from 0°C
to 10°C.

8. A method according to any one of claims 1 to 7, wherein the fresh produce is

harvested plant material.

9. A method according to any one of the preceding claims, wherein the light intensity of
light striking the fresh produce surface lies in the range of from from 5 micro Einsteins +/- 3

micro Einsteins up to 2000 micro Einsteins +/- 250 micro Einsteins.



3. A nethod according to claiml1l or claim2, wherein
the fresh produce is selected from dairy products,
neat, fish, poultry and harvested plant parts. 4. A
nmet hod according to any one of clains 1 to 3, wherein
the fresh produce is held at a tenperature in the
range of from-25C to 0C. 5.17A nethod according to
claim4, wherein the tenperature range is from-15C to
0C. 6. A nethod according to any one of clains 1 to
3, wherein the fresh produce is held at a tenperature
in the range of from-0.5Cto 16C. 7. A nethod
according to claim6, wherein the tenperature (s i
10.¢ & PRedh agorfipg 9 leim f WisEeIn dhe JomattAptY i Hing dhe fresh

prodlde Stveaceflies limth@Eradgd 6f ffom \BhAICRI Rinstemsf+/-e$ hidhb Einkiging sip to 300
har vest ed_é/pl ant material. 9. A nethod according to any

migsp Einseinhy/’- 5P SUEIiERSteNSi ms, wherein the | i ght
|nten5|ty of Ilght strlklng the fresh produce surface
s in the ran from5 mcro Einstein

i %ﬁaﬁt@%%@éﬁr‘i‘i%gg Lppc'@'m 98061215 dP ovesrRec e thumten%foof ight strking

the‘ﬁé‘s‘hoprgdlﬁb%t ﬁ]rﬂé&e Ilégm the raPfﬁerf@"(fl‘lﬁi(iI 53Ri6RN Eih&Eink O-/C3 Aitfo Einsteins
wherein the lig |ntenS|tr¥IS light striking the
t he

UPﬁqé%m'%Q Eaﬁeeéﬁ%ﬂr?%e@rm% g range of from5
mcro Einsteins +/- 3 mcro Einsteins up to 300 mcro
Einsteins +/- 50 mcro Einsteins.

net ho ,
12acp sneihod aerding oy ghe ef daimst blo %éﬁvwﬂnﬂmgltﬁe@]wﬁt wavelength

nes! RSO Frige Phroml Mohmblaglhilg the fresh produce surface
lies inthe range of from5 mcro Einsteins +/- 3

mcro Einsteins up to 100 mcro Einsteins +/- 50

13m Rrrﬁetﬁbﬂséc@bﬂﬁwg blclaith ABL WAEeRf 6RF BluBdighPwaldledtd i9T450nm +/-
clainms 1 to 11, wherein the blue |ight wavel engt

250es in the range of from 420nmto 480nm 13. A nethod
according to cI aim 12, wherein the bI ue |ight
wavel ength i s 450nm +/- 25nm_ 14. met hod accordin

14¢ 0A6m9th9¢l @ceArdippdp @By Pne &f £rimGH etPe1.1n WY e 1 eﬁdwhgwave'ength

ue%\f[ﬁé%@b%ffrbmdnm tblreor@nge of from 600nmto 700nm
. A nethod according to claim 14, wherein the red

I [ ght wavel ength is 650nm +/- 30nm
15. A method according to claim 14, wherein the red light wavelength is 650nm +/- 30nm.

16. A method according to any one of the preceding claims, wherein the energy ratio of
blue light : red light lies in the range of from 10:1 to 1:10.

17. A method according to claim 16, wherein the energy ratio of blue light : red light lies
in the range of from 2:1 to 1:2.

18. A method according to claim 2 or any one of claims 3 to 17 when appended to claim
2, wherein the light from the at least one light-emitting means is shone onto the fresh

produce surface for a predetermined time intervai.

19. A method according to claim 18, wherein the said time interval is selected from a

pulsed time interval and a continuous time interval.



16. A nmethod according to any one of the preceding
clains, wherein the energy ratio of blue light : red
light lies in the range of from10:1 to 1:10. 17. A
met hod according to clain116 wherein the energy ratio
of blue light : red |ight $$ in the range of from
2:1to 1:2. 18. A nethod acc ding to claim2 or any
one of clainms 3 to 17 when appended to claim 2,
wherein the light fromthe at |east one light-emtting
means is shone onto the fresh produce surface for a
20. pr@ﬁ\%‘f%réi@c&lﬁ@ n(%;' tH‘%I rﬂt18rngia1m 18; wﬁer@ﬁttHQQméqrﬁQNﬁl 8% guksed time
e said tine interval is selecte
intefryad 19f @ prpdﬁtgé’dm@d rﬁ@qvwcdrtb&ﬂ issapiead evanta Hneweripd fat is longer in
LE according to claim18 or
durgfﬁarfﬁ%gqgr}eﬁd éIIQ%d @Rgﬁtléwngl interval is a pulsed tine
interval of a predeternined frequency that is spread
oV, tygi r
21 PHE e BRoRERS B R s, PyeRogie Sdb (ol e LR 12 nows or
motey cIa|n118 wherein the said tine perlod is upto 12
hours or nore. 22. A nethod according to claim 10 or
claim 21, wherein the pulsed tinme interval for
22.shA mathod iagerrdisatte daim 1G 65 Klap cHlu vhesein fiag eulspd dimeninterval for
o5 RAGN
sy 10 Pp i oRE IR SHHES, b e nange b fambts Btltes to 240
minvtes for eachheulspuefdight.ti me interval is 15, 16, 17, 18,
19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29 or 30
m nut es. 24 A nmet hod accordlng to any one of clains 1
231 oA 2Bsthavhaecording i@ cliine 28, whergincei pulseddines ingervalrigp, 16, 17, 18,

1054154 223084 i b6 U5k Ay vegghaRke parLs, sal ad

parts, 'and f'ruits A nmethod according to
cI a|m24 V\hereln the fresh produce is selected from

4ve,g%é’tm)§ &Idﬁ'nrg ﬁrwjgh Sf %ﬁlmglﬁﬁ ZQaM\érefr{ ﬁgérplp?oduce is

Brassica p ants suc rocco [ orets,
selgttod fom, edltéamanbpa@sfma aglvageteblewnsits asalagt @éw R?étﬁb%@bfrwts
whi te cabbage, and red cabbage, |ettuce, celery, bell

peppers, tomatoes, green beans, mange tout,
25 ashamatpod, accantiagdo helaits 24havhesein eltief fresh Presiuen igsselected from

ve@eq%@‘cmatfé‘?a}ﬁaudlf@'&gf’glﬁnt ?Q ed‘B|e Ef‘é%sﬂ‘c? Lﬂlérﬁs §l5’<91has broccoli

ﬂor@tshe:aulgiowen ﬂgretsuneafp@rassma plants such ‘as green cabbage wh|te cabbage,
and red cabbage, lettuce, celery, bell peppers, tomatoes, green beans, mange tout,
asparagus, cabbage heads, harvested fruits such as apples, pears, mangoes, bananas,
citrus fruits such as oranges, pears, lemons and limes, kiwi fruit and other green or unripe

fruits, such as unripe tomatoes.

26. A method according to any one of claims 1 to 23, wherein the fresh produce is
selected from green stems, calyx, and leaves of higher order plants, algal cells, moss
protonema and plant cell cultures of edible or unpalatable higher and/or lower plant

species.

27. Use of blue light, red light, or a combination thereof in a method for altering the total

viability count of harvested plant tissue.



fruits, such as unripe tomatoes. 26. A nethod
according to any one of clains 1 to 23, wherein the
fresh produce is selected fromgreen stens, calyx,
and | eaves of higher order plants, algal cells, noss
prot onema and plant cell culkires of edible or
unpal at abl e hi gher and/ or pl ant species. 27.
Use of blue light, red light, or a conbination thereof
in a nethod for altering the total wviability count of
harvested plant tissue. 19 28. Use of blue |light, red
28I 'L%g of Bfue%g‘ﬁ?nf%rl@hl it 4 QS%SP\%UM‘ tﬁbr%tlhoéj rie®od for altering the

teri ng surface pat ogen count of harvested
surtﬂcamathogg@ geurﬂyaf harvasted glanhiéssha by degting thedigfvestedqlant tissue with

Ilgh‘f‘“\/\rabeleh Hggei@@féelf%‘ﬁg’éﬂéﬁnsﬁlﬁé%ﬁé&ﬁﬂﬁ %\%ﬁbtarr\ﬁ fﬁb‘n?blmeqight red light or
pectrum al one and fromblue light, red Iight or
acgmhblatm ofoad dghtrasd blyeglight.and bl ue 1ight. 29. Use
according to claim 27, wherein the total viability
count is reduced by an order of magnitude of at | east
29 olgselacqgmmg)geclamé?,dmhﬁjeiﬂ dhe fokgl apoity opieyt i igdugrd by an order of
L L4 count is reduced by an order of
mahgdﬁkcy ggg%“é%least log 1.5. 31. Use according to
claim?29 or claim30, wherein the total viability
OCOUQ% aéc?)r&ﬁ we&dinP¥o, ﬂbr@iﬁ%@é tcﬁal VMY EoLHe |s°rfed§éed B\A&H order of
. eaccorlngtoca|m28 wherein the
magumﬂﬁﬁéabﬁﬁhﬁgﬁﬁf%ount is reduced. 33. Use according
to any one of clainms 27 to 32 on harvested pl ant
tissue froman edible | ant. 34. Use according t
31¢cl dseraa@rding & elpifn 2R er hgmégt\@'@erpmathe tqtalovakdlity §0Uﬂt is reduced by
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34. Use according to claim 33, wherein the harvested plant tissue is selected from
vegetable matter including cut plant parts such as broccoli florets, green beans, mange
tout, asparagus, cabbage heads, harvested fruits such as apples, pears, mangoes,
bananas, citrus fruits such as oranges, pears, lemons and limes, kiwi fruit and other green

or unripe fruits, such as unripe tomatoes.

35. Use of blue light, red light, or a combination thereof in reducing the total viability
count in a method for increasing shelf-life and/or storage life of fresh produce selected
from dairy products, meat products, fish products, and harvested plant tissue held at a
temperature within the range of from -25°C to +45°C.

36. Use according to claim 35, wherein the said temperature lies in the range of from -
25°C to 0°C.



fromdairy products, neat products, fish products, and
harvested plant tissue held at a tenperature within
the range of from-25C to +45C. 36. Use according to
claim35, wherein the said tenperature lies in the
range of from- 25C to OC. 20 37. Use according to
claim 35, wherein the said téfiperature lies in the
range of fromOC to 16C. 38. Use according to claim
35, wherein the said tenperature lies in the range of
from 16C to 45C. 39. Use according to claim 38,
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16C to 25C. . Use according to any one of clains 35
to 1&C30, vvherel n the fresh produce is harvested plant
tissue. 41. Use according to claim26, wherein the
shelf-life or storage life of the harvested pl.ant
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16&EPAxICNg to claim4l, wherein the harvested plant
tissue is selected from edible veget abl e parts and
fruits.

39. Use according to claim 38, wherein the said temperature lies in the range of from
16°C to 25°C.

40. Use according to any one of claims 35 to 39, wherein the fresh produce is harvested

plant tissue.

41. Use according to claim 26, wherein the shelf-life or storage life of the harvested plant

tissue is increased by at least 24 hours.

42. Use according to claim 41, wherein the harvested plant tissue is selected from edible
vegetable parts and fruits.



