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23 Refrigeration helps to preserve crispness, texture and flavor for a
24 limited number of hours, but does not prevent browning. Chemical
25 preservatives are often used alone or in conjunction with these methods
26 of preserving; however, they typically leave a residual taste.

27 One method employs four active ingredients: an acidulant such as
28 citric acid; a metal sequesterant or chelant, such as sodium acid

29 polyphosphate; an enzyme inhibitor such as calcium chloride; and an

30 antioxidant such as ascorbic acid. However, the fruit has an
31 unpleasant taste and the produce typically turns brown within 5 days.
32 Citric acid, which is present in lemon juice, has been used to

33 delay browning in fruits; however, the fruit tastes sour, becomes soft
34 and soggy, and typically the fruit turns brown within hours.

35 Sodium ascorbate has also been used to preserve fruit; while the
36 color degradation is delayed, the fruit has a noticeable taste.

37 Other methods often involve forming a film on the surface of the
38 fruit; however such films often leave an unacceptable gummy feel when

39 eaten.
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22 yet more preferably from 0.5% to %, most preferably from 0.6% to

23 5%, by weight, magnesium salt or zinc salt or tin salt; and preferably
24 from 0 % to 40%, more preferably from 0.1% to 40%, even more
25 preferably from 0.1% to 30%, yet more preferably from 0.5% to 15%,
26 most preferably from 1.0% to 5%, by weight, ascorbic acid or the
27 stereo isomer of ascorbic acid, erythorbic acid.

28 Preferably the produce is then stored at a temperature which will
29 not freeze the produce; preferably the produce is stored at temperatures
30 of between -6 to room temperature.

31 The invention also relates to fresh produce preserved with the
32 produce preservatives.

33 Detailed Description of the Invention

34 The present invention pertains to methods of preserving fresh
35 produce, that is, uncooked fruit and vegetables with a fresh produce
36 preservative which extends the shelf 1life of the fresh produce,
37 particularly cut fresh produce. The produce preservative preserves the

38 texture, flavor, appearance, crispness, color of the tree fruits, such

2
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25 Preferably the produce is stored at temperatures of between -7 to room

26 temperature, 20°C, more preferably -2 to 7°C, most preferably form 2

27 to 5°C. Fresh produce preserved with produce preservative which is stored
28 at room temperature will maintain color, flavor, texture and taste,
29  however after extended periods may have a microbial content that is not
30 desirable.

31 The method inhibits freshly cut produce from browning; for example,
32  when magnesium ascorbate is used, produce is typically prevented from
33 browning for at least 1 week, preferably 2 weeks or more while
34 maintaining the freshness, crispness, texture, color and flavor of the
35 produce without any residual taste. The exact length of the period of
36 preservation depends upon the initial produce quality, the species and
37 the variety of the produce and growing conditions of the produce. The
38 method of the present invention offers the advantage in that the
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Q

24 zinc salt or a mixture thereof. Suitable zinc salts are, for example,
25 zinc ascorbate, zinc erythorbate, zinc chloride, =zinc carbonate, zinc
26 phosphate, zinc oxide, zinc acetate, zinc gluconate, zinc
27 glycerophosphate, zinc lactate, and mixtures thereof.

28 The source of the tin ion is, preferably, a tin hydroxide or a tin
29 salt or a mixture thereof. Suitable tin salts are, for example, tin
30 ascorbate, tin erythorbate, tin chloride, tin carbonate, tin phosphate,
31 tin oxide, tin acetate, tin gluconate, tin glycerophosphate, tin
32 lactate, and mixtures thereof.

33 The source of the ascorbate ion is ascorbic acid, erythorbic acid,
34 or an ascorbate or erythorbate salt such as magnesium ascorbate, zinc
35 ascorbate, tin ascorbate, or magnesium erythorbate, zinc erythorbate or
36 tin erythorbate. Preferably magnesium ascorbate or tin ascorbate or
37 zinc ascorbate is the source for both the zinc ion and the ascorbate

38 ion.
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Where the salt is magnesium chloridg, or zinc chloride or tin
)4 chloride, the percentage of the dry ingredients, exclusive of water, in
)5 the produce preservative 1is preferably from 25% to 98%, more
26 preferably from 40% to 80%, most preferably from 50% to 67%,
)7 ascorbic acid or erythorbic acid, and from 2% to 75%, more preferably
28 from 10% to 35%, most preferably from 25% to 30%, magnesium

29 chloride, zinc chloride or tin chloride.

30 Where the magnesium or zinc or tin source is magnesium hydroxide or
31 zinc hydroxide or tin hydroxide, the percentage of dry ingredients, in
32  the produce preservative is preferably from 30% to 98%, more

33 preferably from 60% to 88%, most preferably from 80% to 85%, ascorbic
34 acid, and from 2% to 70%, more preferably from 16% to 25%, most
35 preferably from 12% to 20%, magnesium hydroxide, or zinc hydroxide or
36 tin hydroxide.

37 Where the magnesium salt or zinc salt or tin salt is a carbonate,

38 the percentage of dry ingredients, in the produce preservative is
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13 hydrochloric acid, sodium hydroxide, potassium hydroxide magnesium
‘4  hydroxide or any food grade acid or alkali.

15 For the best taste, the produce preservative preferably does not
6 have a chloride concentration greater than 35%, more preferably not
)7 greater than 15%, even more preferably not greater than 5%; even more
)8 preferably not greater than 1%, most preferably not greater than 0.1%
)9 by weight, excluding water.

30 Similarly, for the best taste, the produce preservative
31 preferably does not have a sodium ion concentration greater than 10%;
32 more preferably not greater than 1%; even more preferably not greater
33 than 0.5%, yet preferably not greater than 0.35%, most preferably not
34 greater than 0.1% by weight, excluding water.

35 The produce preservative preferably does not have a potassium ion
36 concentration greater than 20%; more preferably not greater than 5%;

37 more preferably not greater than 1%, even more preferably not greater
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greater than 0.01% by wei ght, excluding water. 3 Preferably, the produce
preservatweasdesgso not have a concentration 4 of citric aeca/usesrTate ion,
aceti coip . 3aGetatepirOferdagt h@tagtelatefs draet at.esi onmosal preBaiathlymabat e
ion, or other acids or acid jqQns, wt 6 the exception of ascorbic acid
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mor £ pﬁcg% I%ngrneﬁargr%atoqg HARAHe5% nmost 29 preferably not greater

t
than 0 Yo by wel I't i's al'So preferred that the produce
prekervat i v%r%fcﬂrab bjn qf%fc kErOCBlfeagérﬁ%e%FbYP afPébtithe ORBuUtTP eBRYE of t he

cutg vegef ahl.e c%ﬁéeh%lbna r38cdBXYn SkkppRbye f peérdadife uegetahla@ersuch
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y

such aéhqif}/dr@fyrreﬁt‘mﬂl mcﬁf@ RAEEEEREY netHyl ITTSH oSEn ni graérygfeﬁl RN T

cebd ul Q?@fer%Jbg'yn%b%s gred®efALhAPEENANS |mb§t d@re@@ﬁdbl@s ndﬁ)dgl;]fdefﬂirsttaﬂaﬁhes
| ocust™ bean gum 36 xant hum T%urn gel | an %uar um and ﬁr agacat . The
préser falive P37 s¥tigiton pre FBBF‘EF%%& ﬁ?)‘t1 ave PR conTEi &t i on® g‘uch
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24 The produce preservative solution preferably does not have a
25 flavonoid, rose hips, or pineapple juice concentration greater than 5%,
)6 more preferably not greater than 2%, more preferably not greater 0.5%,
)7 more preferably not greater than 0.1%; even more preferably not
)8 greater than 0.01%, even more preferably not greater than 0.005%, most
19 preferably not greater than 0.001% by weight.
30 It is also preferred that the produce preservative solution lacks
31 agents which affect the “mouth feel” of the cut vegetable and impart a
32 waxy or slippery feel to the vegetable, such as gelling agents, film
33 forming agents, waxes, gums, polysaccharides, such as hydroxymethyl
34 cellulose, methyl cellulose, microcrystalline cellulose, alginates,
35 carrageenans, lipids, pectins, modified starches, locust bean gum,
36 xanthum gum, gellan gum, guar gum, and tragacaths. The preservative
37 solution preferably does not have a concentration of such an agent

38 greater than 5%, more preferably not greater than 2%, even more
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cotcenaseyioies arq:etie@ndbemethoz@lcz&qﬁe NetHo ¥ SPREERF ATy PREALTE MY h

the, Pr 99”%%15’585‘%Io‘i%hé!@ph%%emﬁ‘etfaﬁesfbrpr gay&&strSnBr efrer ahbyardd ;r skubmitiet;i zed
to reduce or elimnate m croorgani sns on the surface of the ski Good
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32 sprayin ing, sprinkling, tgssin |mrer5|n ren n Di_ppi ng
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gg >@”dgb§1ﬁ%@ers@hk¥h@é efiecnsd. b%p@uhesuéﬁ&dra\gembee@emmrﬁb e @%azdlgmm Rg
roduce 5 m nutes, Longer_dipping.tines S0 be_e e The
pr dducend st¥agaTashet e Loy pPeolf:%rc?p'i Hugb?ﬁ/é?ﬁ ﬁ%’fa}’& Sﬁaﬁi{%%g)rv %)trb?tevent
or )i edyea ey bRgs@fvdthee prgditdenl Part iiutne | gonicent tat ionzohot 88 dbovbe
consuned Wi thin several hours, such as where the produce is to be 39

tréfhsported or drg pl ayed on a sguce thPletr?eoﬁjr e is therlrvgref erably 8

The Method of Preserving Pro uce Prese ive

25 The fresh produce is preferably first sanitized to reduce or

26 eliminate microorganisms on the surface of the skin. Good results have
)7 been obtained using a 50-150 ppm sodium hypochlorite solution. The
28 produce is then processed such as for example, by paring, slicing,
29 coring, dicing, peeling or a combination thereof; and then the produce
30 preservative is applied. The produce preservative is applied,
31 preferably at ambient temperature, by conventional techniques such as
32 spraying, dipping, sprinkling, tossing, immersing or drenching. Dipping
33 involves immersing the produce into a solution of produce preservative
34 and is generally preferred. Good results have been obtained by dipping
35 produce 1-5 minutes. Longer dipping times can also be employed.

36 The produce is then preferably placed in conventional packaging
37 to prevent or reduce drying of the produce, particularly if it is not
38 to be consumed within several hours, such as where the produce is to be

39 transported or displayed on a shelf. The produce is then preferably
8



WO 03/104730 PCT/US03/17721 1 placed in package to prevent or reduce drying
where the produce is to be 2 transported or sitting on a shelf. 3

Pr ef er abl wotohao4rs@duce is stored at a tenperature whi ch wplClr/usos/17741 f r eeze
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even nore poetesaly khekowrbfucd oid atdisgednuer abiahpgraontre. whch ewiBl trive
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tenperatures of between -7 to roomtenperature, that is 20C, nore 12
preber abl ypelgwt 307C, st ppeéeeathl YWeloom23°¢o SEGN IRy FRSEgBphly Heelow
produce | s not frozen, cook or canned before 14 . 1.Ng, t bei ng
pr e%er\}glacwetvﬁnpf“%ﬁcgr e&?@%a{’?ff’ew. %\gergotﬂ%ducfS mﬁrggé ul(:agL ig(s}rofﬂ ggbgﬁ%lgt%en
it ts pLefsrabloe REY ¥Y isedrbefar ambdidi R@mpeEat k@ sakt@indeiony, pheser vtk

wi th produce preservative. 17 Eval uation o? Preserved Produce 18 As a
resel t isf BetnepgEdedar wedring HelovdBeE praséeyalRiv delrhel0%D Jogr REAIYBh of
the color of the produce .is._subs tialLly reduce 20 e fi r
harfineds &FefREARINi$E9E% t‘?go?%rég‘p‘r eqh?éf{%e(f a?) g?’ gheZEr%Jri'%%gé {%m%%?lre%%r ate
thefrykbpargines dsStaeRehnt ot heo f robd . cdfi@ra23réj r Bnessiks 206t ermoreed
using a anl ity and Test System 25 and TA 40 23 probe from Stevens
ConpanyreféealiA 402probd @ hWostkpeefmrabdy Zra Al 224 BiGmeter, 20 nm | ong
rod.probe hayi f e [ Ol i setddags Jer | g¥eg-d n
ha* Qs systErrriidy e lsatls 12,505, Ehedn SSRVE A amace, Sy
sedénd dholidgt | o, afegedends rpeeneaved Bigh tPYQRYEE PRISYPOIAMLYE30 ¥ n~heest
speed, _t i L dist - I 0f 1 . Therapp! &r

o dees Riraty B bei bR, B80T BT RSP hei e e TR ¢
werle ewdlkeaatleaingy prégenvest iwhgh fOredice msisesvaqiie® -.col or and/ or appear ance
wa§7al $R8Val 4al 89 pAls W edi SHRuckNspection. The color, texture, noistness
an 32 ' i

fl avor—were—32themn evat uated according to a scale of either 1 tgo 10,
Wi tiB 10 bei Ag theresaltyapfie Pa4Ry gREASEYSS fYidh| BreducepiRRESSEVatifpar S ve

f”l'lr)t Yog¥egatahl 6 134 A1Mpl die ok besuddhan JudstanlaBOEeRbabi®. 35 The
followng mxtures containing the dry ingredients of the 36 produc

pr édervat i v&seaférmigfiscHr EREMAEs odndhRof Tt difadliet 5Ohee FPAYLY t?‘hrg.a 9
V\OZQ3/ JpQ%ﬁéo t%crﬁéggggé%EZ?%iae fruit a given distance into the fruit. The

22 firmness is determined using a Quality and Test System 25 and TA 40

23 probe from Stevens Company. The TA 40 probe a black acetate, 4.5 mm
24 diameter, 20 mm long rod probe having a flat end. The following
25 settings were employed in the QTS system: the test type is a compression
26 test of one cycle, 0 second hold time, 0 second recovery, 5 g trigger
27 point, 30 mm/min test speed, target unit distance, and a target value of
28 3 mm. The apple pieces were 1 cm thick.

29 The texture, flavor, and moistness of the fruit were evaluated by
30 tasting fruit samples. The color and/or appearance was also evaluated
31 by visual inspection. The color, texture, moistness and flavor were
32 then evaluated according to a scale of either 1 to 10, with 10 being the
33  value assigned to a freshly cut piece of comparative fruit or vegetable.
34 A value of less than 7 is not acceptable.

35 The following mixtures containing the dry ingredients of the
36 produce preservatives are typical Examples and not intended to be

37 limiting.



1 Wiile certain cations, for exanple tin, may not suitable for 2
preserving produce that is to be eaten, they may be suitable for 3
preservi ‘yopsadiree used in potpourris and crafts, particulpariusoshoee 4
such producgnife d&éﬁ@bmS é@éﬂw@ of orPr esgplienge 1T, esiﬂayPr @dyCesuisbble t ffer
Produce preservative nple 1 7 Red DeI|C|qﬁ} | es ver e %rgfer%
with t REessodtege FHPQ%?V&P?% 15 FQt Pe 3R whiolR afpl e&%f rid or
bl ezm Shess&vibguipseauder gséd nsﬁdetfadSuﬁr&rs veaidercra¥tsanigairz éduldnlly Md@rpart s
| ion of sodjum hypochlorite solution for ¢ 10 m nute, then peeled,

cor%d SATY REPABET. “ﬁﬁ%‘ggices were imersed in water 11 for 30 to 120
SeQQndﬁetﬂéﬁsAoﬂrEﬂuﬁﬁvﬂﬁ@SEmﬂﬁﬂPvﬁduﬂﬂ Ubiimyn thms Ppodypar edesemtatiiveng 2. 25%
13 ascorbic acid and 0.25% MgO. The apple slices were dipped into the 14
pr ucB*PRIEAvati ve solution for 1 to 2 minutes. The apples were then 15
reanededrmumﬂcheusoép@jeznwand p&eﬁaraddf@xthnﬁhetprodmpeﬁpngsesvaﬂiwﬁaapﬁﬁest16
slices _wer aced.in eth ene d r 1
apﬁfe &Pt ‘@Eﬂﬁbﬁgp%%%yﬁﬁ? severa klﬁe%ngﬁusgg %éﬂgi%gfgﬁoﬁﬂﬁgtap hall?
appear amﬁmwﬁthaiow plalres cpéomildfionhef appplies hppodtiorddeonout ipy §@2§I @
of 0b i b S S | Spple0 Is

%pta%?&t Tﬁht Eee (geve gae q%fg%???%anﬁ? r%ﬁ%f%ﬂqgg% ﬁgpgg%ﬁ%égiggﬁer
S|m1lafby:prenaﬂed agmﬂnﬁssllces were placed in 22 one of several control
preservatives. m'&%cfa' " S:tesgk?g@{ 1eﬁt LYBSQnUl N p2S MR Acdndrdhy 30YSQUS
solUtion of “cdl'clum ascor bat e. e second 24 preservative solution was a
500by wetgHtipercivolande s@B&t MOR - of Tb&l @Peht 251e8% ovdEs edimmedThia trediet s
ar ¢, Shgxwd&%e%@s&&atl@ SDIBERLE 28 B5% dplhtlaus ARPIEPIET fell aseived

as In exce hat 29 apple slices were dipped into a
préser vamw@ Solout Fb# %Qinlttapﬁl ard Arsgnedof s CBYDHIEE BEP dhiddes - 5T MFBP  The

resyl tg,aL8s shown L ablie b 3l BxaRey2end2ndhe, piesesiseofaexanple 2

was repeated except that noistness, texture 33 color and flavor were
eval uaffee appbe dayibcesTHEeTeeGHALEARFPE SAVIAL ntiMps PisiTe 2. 1853 RRFIER 36

Red delpi,ci Hﬁe%c@s s\@%egfp&aelsleyrm a%16R, Exanphe dppBsepts tdwiretihen 37
pp?e sllces were dipped into greservatlve sol ution containing 2, 175% 38

asé%rbﬁéaéﬁlez%ﬂ}OO SQSQGERRDthFh ephs A tIEU e VBRI S ntOFEE| P40 1 ol SAB°t
036é04339e5¥;ﬂfé$0§ﬁ;€7§§-1t developed significant browning.

21 For comparison, similarly prepared apple slices were placed in
22  one of several control preservatives. The first preservative solution
23 was a 2.5% w/v aqueous solution of calcium ascorbate. The second

24 preservative solution was a 5% by weight per volume solution of calcium
25 ascorbate.

26 The results are shown in Table 1.

27 Example 2

28 Red delicious apples were preserved as in Example 1, except that the
29 apple slices were dipped into a preservative solution containing 4.5%
30 ascorbic acid and 0.5% MgO. The results are shown in Table 1.

31 Example 2a

32 The procedure of example 2 was repeated except that moistness, texture
33 color and flavor were evaluated at 5 days. The results are shown in

34 Table 2.

35 Example 3
36 Red delicious apples were preserved as in Example 1, except that the

37 apple slices were dipped into a preservative solution containing 2.175%

38 ascorbic acid and 0.325% ZnO. The results are shown in Table 1.
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1 Exanple 4 2 Red delicious apples were preserved as in Exanple 1, except
that the 3 apple slices were dipped into a preservative sol ution

cont ai ni goA33601B0 4 ascorbic acid and 0.65% ZnO. The resulPCI/@BO®1IFADWN | n
Tabj e éxa@ﬂ@m e 1 6 Evaluation of Sliced Apples 7 Preserved with Produce

preservative . Ireatnent Day 1 Day 2 Day 8 na 5 3 ] nut es _ Untreated
appf e E%%sd?]rfa?fq_ués?pphﬁﬁ x%’F‘? c%%eﬁl"&\ﬁ 757 l}llukf(?%%feegl appl e n- r%ai%ctatge

Fi ramesggp14 ganges BxagpisppkdCanes 8. BPeserBBitGvé 2501 Exianploenta 7Oy ¥286%1160
Fi rmmess( gr.ans) anpl e Color 9.78 9.125 8.125 . Exanpl 531 1187 1136
Fi rﬁne?E%‘gﬁ%)acgéa%%}l e '%5(30%1695‘ 9.T;‘§ f?%uit.% arg, shgre 3 %5%85%1%64 1060

Fi rsmess(grans) Exanple 4 Color 10 &able 1Exanple 4 1466 1183 946

Fi ryimmess(granms) Conparativ | ution 9.89.9. Col or Conparative
Sol iti on 1635 1271 1340 }% APy oF g?g A Lafiyve Salution 10 10 10 2
C0| r -Corpar at Lvo. _Sal gt resery ol A ra - N Qo a4

paratV e+ttt o7 o5 Tz 1t Lr Iy ra IIMESSTOT gop /0 Lt WO
03/ 104 TE0* BReFtUS03/ 17721 | % abl e 2| 356l uat | 0% of Sl i :e%y Appl es
30
minutes
Untreated apple Less than | Less than
slices Color - 7
Untreated apple - - _ _
slices Firmness
(grams)
Example 1 Color 8.89 6.88 6.125
Example 1 1705 1286 1160
Firmness (grams)
Example 2 Color 9.78 9.125 8.125
Example 2 1531 1187 1136
Firmness (grams)
Example 3 Color 9.78 7.5 4.5
Example 3 1496 1164 1060
Firmness (grams)
Example 4 Color 10 8.0 5
Example 4 1466 1183 946
Firmness (grams)
Comparative Solution 9.89 9.63 9
1 Color
Comparative Solution 1635 1271 1340
1 Firmness (grams)
Comparative Solution 10 10 10
2 Color
Comparative Solution 1704 1271 1497
2 Firmness(grams)
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3 Preserved with Produce Preservative 4 Color Flavor Texture Mi stness
Exanpl e 2a 8.4375 8.25 7.9375 8.4375 nmagnesi um ascorbate conparative 9

8. 375 8. 56PI3B0B33IR5 solution 5 *Score 10 is the best. Scaeca/ushs/ctrzis | owner
thap 7 is not acceptable. 6 7 Exanplag1e B Bartlett pears were preserved as
in £xanpl e 1, except that &bg1Re@EIon 2£SkElLes3 Webeedi pped into a
preservative sol ution coRakHEAG A Prodlc@SG@skircaadiel and 0. 5% MgO. Al so,

thesonly conparative solfution was II control was a 7% ascorbic acid
S(ﬁ| ut i ""ﬁ_r:ulc p'far st AT qrt Eat ed T]éncpfu(f'e COTOhistEsd Esul ts are
S Om LN Py o 12 \,—.M,-.I 4 1
) IGIJI O, L X I,V € rlaaa avu-’... U] VWET . ? erveajas I n
Exanp mziggse§<u%3pt t hat ?%eé avccago 15 sliji c;b‘slk \;\%/Zre ai ppedgi nto a
%(ejsg'\éggélybea&e ol ut Ijl] cont ai nilng 5.8% 16 ascorbi c acid and 4. 2%
= Aso—thecontrot—v 169 s0d m— 17 gok gat crum ascor bat e.
$hg ay §§ %aoras ]’lvéaes WPre eval uctg§37gor col|o Lgtsl‘? 188{35% ts are shown in
a e \/nml 3
T2 2o Y QGAURE Y s e PRI RT Y oFk dod HoEXpimhe 1,
except F'ﬁa’fe 'Itj?l)e avocad% 21 S?I ces were. di ppedtlﬁnto a preservative sol ution

confal LN p % 22 ascor bic acid and 6. 3% MyCl2. 6H20O. Al so,
was' a i on

t he control
23 of preservative 1. The avocado slices were eval uated

fors coBertle’I&te Pk sr ogrlet Prasersedwas | An TERIRP1R D5 SgaRs FEd AfsedS@fce

f Sl d d
gol ﬁt:%ggbgsearv;%%n %&9 qfﬁi hours Pears Less than

Ascor bBSC@rk51c5 aoalc;i daIB(aQﬂﬂ e MyOL0 Algo,1xhe only comparatlve solu
11

control was a 7%

2 Fheseryed; v t @oﬁ’ﬁe%&@e FIRECHYAL | V£ 5528

untreated

tion was

ascorbic acid solution. The pear slices were evaluated

12 for color. The results are shown in Table 3.
13 Example 6
14 Hass avocadoes were preserved as in Example 1, except that the avocado
15 slices were dipped into a preservative solution containing 5.8%
16 ascorbic acid and 4.2% MgCl,.6H,0. Also, the control was a 10% solution
17 of calcium ascorbate. The avocado slices were evaluated for color. The
18 results are shown in Table 3.
19 Example 7
20 Hass avocadoes were preserved as in Example 1, except that the avocado
21 slices were dipped into a preservative solution containing 8.7%
22 ascorbic acid and 6.3% MgCl,.6H,0. Also, the control was a 10% solution
23 of preservative 1. The avocado slices were evaluated for color. The
24 results are shown in Table 3.
25 Table 3
26 Appearance of Sliced Pears and Avocadoes
27 Preserved with Produce Preservative
28

Solution Day 1 Day 2 Day 7

4 hours

Pears Less than 7 | - -

untreated

Agcorbic 9 5.5

acid

Example 5 10 10

12



WO 03/ 104730 PCT/US03/ 17721 Avocadoes Less than 7 - at 1-2 Untreated
hours Conparative 9.5 8.5 Calciumascorbate Exanple 6 9.5 6 Exanple 7 10
9.5 2 Exwombﬂ048'3d3 Cel ery was washed with tap water to remorassds/it72and

soi |, h{)ggadcgéssanl Tl Z280 WL N 7100- 150 partsf per mlTion]sodi um hypochlorite
wat er 51 mnuywe. The iceliery was drai ped and cut into three inch by

0. 25 1gnt§eégz.e% sti|gksirsThe cellery was agaih sanitized Wwth 75 parts to 100
parts| 7 per mllilon sodium hypochlorite water for 1 mjnute. The celery

sti ck§comp¥@ieMErsed in a preservative gelsition containing 4.8 grans
ascorbic 9 acid and 0.54 grans nmagnesi um pxide in 100|m water, to provide
10 nagngstim ascoribate sol ution having an ascorbate ion: nagnesiumion 11
nol ar | gatbmafe 2: § and a pH of| 5.02. The celery was inmpersed into the 12
preservative sol utjion for 2-3 |minutes and drained for 2-3 mnutes. The 13
cel er yEshmgks enver g packed in 3 m3 pol yethybene bags which were heat 14
seal ed and then stjored at 2-5C 15 Untreatged sticks were used as controls.
Al so, | EgamgDapari Jon, 16 sticksowere treatedswith a cal cium ascorbate
solution containing 4.8 17 grians _ascorbiclacid and 1.2 grans cal cium
carbonate; the nolar ratio of 18 ascorbate ion: calciumion was 2:1. The
cel eryEstimgks avere evaluated 19 visually for color. The results are shown

abl.e 4. 20 Exanple 9 214 ,Celery vwas. prese S dieEXanp! &81 , exarpt
tha%r t FEERY 3 SsI Y cehéad 1:'ltv\lllerl‘ecgé ppe%rl n % a\églggger Vat i nggm Gt i on

cond ai sangt #zBPovastonbd t:lsibumrtBSpandel Hiprg seAs RN/ PR ora b i dear i iy
ascg)r bﬁt elnukéjt I O'gngjaé/él'%% at, Zérgls.)i?@ci baie d@n R oZkREek ONLAD! }%; ¢ atd @ of
of g 585 )

3:1; and results are shown in Table 4
03/ 404730 PCﬂ'dHSSOBﬂllE?QQleIJY Tatsl @93in ©vridiizef Sitketh @tﬁrérsyts PP @ sRAkFed

W tt7‘| P'i)ggurﬁﬁﬂro%s% \ﬁ@hﬁlvl?ypol}:h-ﬁro?g:%té?afo% Pay i fudey Hhe celery sticks

8 were immersed in a preservative solution containing 4.8 grams ascorbic
9 acid and 0.54 grams magnesium oxide in 100 ml water, to provide
10 magnesium ascorbate solution having an ascorbate ion: magnesium ion
11 molar ratio of 2:1 and a pH of 5.02. Tre celery was immersed into the
12 preservative solution for 2-3 minutes and drained for 2-3 minutes. The
13 celery sticks were packed in 3 mil polyethylere bags which were heat
14 sealed and then stored at 2-5°C.

15 Untreated sticks were used as controls. Also, for comparison,
16 sticks were treated with a calcium ascorbate solution containing 4.8
17 grams ascorbic acid and 1.2 grams calcium carbonate; the molar ratio of
18 ascorbate ion: calcium ion was 2:1. The celery sticks were evaluated
19 visually for color. The results are shown in Table 4.

20 Example 9

21 Celery was preserved as in Example 8, except that the celery slices
22  were dipped into a preservative solution containing 4.8% ascorbic acid
23 and 0.74 grams 2Zn0O, to provide a zinc ascorbate solution having an
24 ascorbate ion to zinc ion molar ratio of 3:1, and a pH of 4.15. The

25

results are shown in Table 4.

13
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in 3 mil polyethylene bags which were heat sealed and then

stored at 2-5°C. The results are shown in Table 5.

Example 11

Iceberg lettuce was preserved as in Example 10,
slices were dipped into a preservative solution containing
ascorbic acid and 0.30 grams magnesium oxide

provide a magnesium ascorbate solution having

magnesium ion molar ratio of 3:1,

shown in Table 5.

Example 12

Iceberg lettuce was preserved as in Example 10,
slices were dipped into a preservative solution containing
ascorbic acid and 0.46 grams zinc oxide in 100 mi water, and having

ascorbate ion to zinc ion molar ratio of 4:1,

results are shown in Table 5.
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6 Untreated sliced potatoes were

7 Russet potatoes were washed with tap water to remove dirt, peeled then
8 cut into 0.5 by 0.5 inch pieces. The potatoes were rinsed with tap
9 water to remove surface starch and drained for 2-3 minutes. The potato
10 pieces were then immersed in a preservative solution containing 1.25°
11 grams ascorbic acid, 0.75 grams citric acid and 1.12 grams MgCl,.6H,0
12  in 100 ml water, for 1-2 minutes. They were drained for 2-3 minutes,
13 then packed in 3 mil polyethylene bags which were heat sealed. The
14 bags were stored at 2-5°C.
15 For comparison a solution was prepared containing: 1.25 grams
16 ascorbic acid, 0.75 grams citric acid, and 0.75 grams sodium chloride
17 in 100 ml water. The results are shown in Table 6.
18 Example 14
19 Russet potatoes were preserved as in Example 13, except that the potato
20 slices were dipped into a preservative solution containing 1.25 grams
21 ascorbic acid, 0.75 grams citric acid and 0.75 grams zinc chloride in
22 100 ml water. The results are shown in Table 6.
23 Table 6
24 Color of Sliced Potatoes
25 Preserved with Produce Preservative
26
Day 2 Day 3 Day 5 Day 8 Day 12
Untreated 5 Less than | Less than | Less Less
Potato 4 4 than 4 than 4

15



7 solutions were used. The results are shown in Table 7. 8 Exanple 16 9
Russet potatoes were preserved as in Exanple 15, except that the potato 10
slices wewe Od,ilmpmd into a preservative solution containi n@C4/uspanms21 11
ascor PeEnggtdhi~@nd §. 45 granss nagnesi ymg oxi de 1 nf 400 ni \teer . The | 12
results are shown |in Table 7. 13 Exanple 17 14 sset pot at oes wer g
presef ¥gthesord N Exanpl e 15, |except thdgt the potato 15 slijces were |di pped
into @ preservativie solution containing 4 grans | 16 ascorbhic acid, |and 0. 64
grans | zkagpoxXiide 1jne 100 Ml wed er. The [results 17s8are shows in Tablle 7. 18
Exanple 18 19 Russlet potatogs were preserved as | n Exanpl e 15, except that
t he petato—20-sliees—were—dippedinta—papreservattve—sotgtion—contai ning 4
gr ams E33mRLe dri of Gci d, and 4503 grams3a2| nc chljofide in ]&0 m watler. The
22 results are shown in Tablle 7. 23 Table 7 24 Color of Slliced Potdto 25
Preserved wth Produce preservative 26 Formulas tested Day 2 Day 4 Day 9
Dayz 16E @I@altsed Potato 5 4 4 4 Exarrpl e 15 10 10 10 9.5 Exanple 16 10 10

03/ 10410 PRSP T 9 BFARRbies 497 I8 nEReGor Nor G WL

wth as0i2&so sede umlpaedbomate solnnasemvabxve 4S@Dl@mn@@nl’ca}nrleﬁo\ﬂe @hams and
dragned 20,5, 30, 5660008 T MYSIHOOMagRed e HIRRGAC N0 A PrES el ve
4 gr ans

sol Uti 6f contai i ng’ scorbl C aclid an 0 45 grans magnesi um
oxi e Untt€fred watierd Algetofer wereomgafi sah, IAISHPOBNS NMer €ofPakdtelani t h

a C§| CIS% u@.‘% I'(PJ %&% E%é&lit In%e gegmsala'}'enghéwrgrl%m%ag§gof .bl c aCI d and 0.75

grans cCa crum carbona
8 Example 16
9 Russet potatoes were preserved as in Example 15, except that the potato

10 slices were dipped into a preservative solution containing 4 grams
11 ascorbic acid, and 0.45 grams magnesium oxide in 100 ml water. The
12 results are shown in Table 7.

13 Example 17

14 Russet potatoes were preserved as in Example 15, except that the potato
15 slices were dipped into a preservative solution containing 4 grams
16 ascorbic acid, and 0.64 gréms zinc oxide in 100 ml water. The results
17 are shown in Table 7.

18 Example 18

19 Russet potatoes were preserved as in Example 15, except that the potato
20 slices were dipped into a preservative solution containing 4 grams
21 ascorbic acid, and 1.03 grams zinc chloride in 100 ml water. The

22 results are shown in Table 7.

23 Table 7
24 Color of Sliced Potato
25 Preserved with Produce preservative
26
Formulas tested Day 2 Day 4 Day 9 Day 16
Untreated Potato 5 4 4 4
Example 15 10 10 10 9.5
Example 16 10 10 9 8
Example 17 7 6 2 2
Example 18 10 10 5 2
27
28
29
30

16



9 100 mM water. The results are shown in Table 8. 10 Exanple 20 11
Mushroons were preserved as in Exanple 19, except that the nmushroons 12
wer e di ppwo o3ne4s3@ preservative solution containing 4.0 grargwsaycoebic 13
aci ¢ agga%f@ 1@f ans nmagnesi um oxi de. The results are shown in Table 8. 14
Exapmpl shroons were preserved as in Exanple 19, except that the
nusiIr ogas1e ki Mebendi PRAG WAbRe@ WIteSEr vat sy escsiohutit tarb&Rideaisblagich Gogr ans
ascorbic 17 acid and 0.64 _grans zinc oxide., The results ar e sho in Tabl e
8. 18 F8bPECHID tIFEPOYF ot SWLSHAIBRE 20 PrideiSEd Wit h PFouEE °oms
Preser vateVv@ippel Theatdgptesbaya?iayciubayn cdoayifingnt4 gateedm8 Isdorbic
mushroom Conparative 9.5 9 9 7 Exanple.,19 8 6 a e 20 8.58.5
7.5% ERGNDI €791 9P 2953M9 ) MEGUEFIND) é’xé%emmCeE%(?y ms%;(i ggéeﬂier eA?f)?ésefg’ged
as n exapptasch, exeapbotdavetdetcedtery with st icisiwer esdioppate i sebutaon

preservative solution containing 4.0.gra 6 ascarhi | d Q7 .gramnms
maghesCORFEHEIS de qﬁ?mfoﬁsff?rb\b‘?e?gl%amg‘;o ‘c% rr‘ﬁ’lzg]t%i vg‘igg r:th F%ér:éj%\r}gaast%uslgld.
Theor esubt 8l areexhotiie ireslabkeaBe SBwhxanprapl23829 Cel ery sticks were
preserved in Exanple 8, except that the celery 30 sticks were dipped

i nt‘g a%@%@&ii ve solution containing 4.0 grans 17 WO 03/ 104730

PCTI USBB5A7dds |wearse @rigiseraed dasndn OEX4Snmrearts  negreepk utmhaki dee i mudlgross

water. The .2 resul r jn T - 2 r hcks
1oE PRLE B P SR Ll TS, chiamls 265 Gaberdosbisl
di pped acntioamd pr.69egvats vegsekuth crkigent Ehei rRpudte granshowd ascHhrbic 8aci d

anq40. gl{a r 1zi nc oxide in 100 mM water. The results 7 are shown in
Tabl' e g—ﬁp—%‘m le 25 9 Celery sticks were preserved as in Exanple 8,

exdéptMuhatOQWE;wﬁgeemyeserved as in Example 19, except that the mushrooms
16 were dipped into a preservative solution containing 4.0 grams ascorbic

17 acid and 0.64 grams zinc oxide. The results are shown in Table 8.

18 Table 8

19 Color of Whole Mushrooms

20 Preserved with Produce Preservative

21
Treatment Day 2 Day 5 Day 7 Day 9
Untreated 8 7 7 7
mushroom
Comparative 9.5 9 9 7
Example 19 8 6 6 5
Example 20 9 8.5 8.5 7.5
Example 21 7 2 2 2

22

23 Example 22
24 Celery sticks were preserved as in Example 8, except that the celery

25 sticks were dipped into a preservative solution containing 4.0 grams
26 ascorbic acid and 1.07 grams magnesium chloride in 100 ml water. No
27 comparative solution was used. The results are shown in Table 9.

28 Example 23

29 Celery sticks were preserved as in Example 8, except that the celery

30 sticks were dipped into a preservative solution containing 4.0 grams
17



10 sticks were dipped into a preservative solution containing 4.0 granms 11
ascorbic acid and 1.03 grans zinc chloride in 100 mMl water. The results 12
are showwopn3TatBe 9. 13 Table 9 14 Col or of Celery 15 Presensesiimet h

Pr Oﬂucgsg&.exﬁ% V@éld/eand]-GOF@i n‘gk@ﬁis DadgAediaih CoBae 1in Exanplle wa2e®. 5 Theb
Exanple 23 8 7 npl e 24 5 Exanple 25 9 6 3 Untreated celery 9 6
6 1% ISSEyﬁhﬁﬁé Ebmfglﬁugééﬁep%tatoes were preserved as in Exanple 13,

excgptgggﬁéh;h@ 20 potatoes were dipped into a preservative solution
cont ai ni NQ grams 21 ascorbic acid and 2. 57 grans st ghous chl or.i de

di h@drsﬁéeryrh%tlrfé@mwl%e preseEVehdith ith HPalPec18; P IF &SFof
Pot Sit 058l teeswed I%n@@eaveﬂtcw 4 hpRsaduwaeiPs es@l’utaldnveonﬁﬁlﬁqaj‘rpl &. daegzcazlsDay
6 8 Day 12 ggle 26 10 10 10, 10 ntr 4 4 4 27 2 %

8 oD S3Fat B PREaS) 84791505 Gink. Tadl dRnadornl Facsl, e Mequils 3

preser ¥r8gsidwesAnprasiee .conpri si ng t he follomnng 4 st eps: 5 a. prOV|d|ng

a produce E[eservative solution conprising: 6 magnesiumion; 7 and an
ani on romthe group consisting of: ascorbate
9 Celery sticks were preserved as in Example 8, except that the celery

10 sticks were dipped into a preservative solution containing 4.0 grams
11 ascorbic acid and 1.03 grams zinc chloride in 100 ml water. The results

12 are shown in Table 9.

13 Table 9

14 Color of Celery

15 Preserved with Produce Preservative

16

Formulas Day 4 Day 6 Day 11

Example 22 9.5 7 5
Example 23 8 7 6
Example 24 7 6 5
Example 25 9 6 3
Untreated celery 9 6 6

18 Example 26
19 Russet potatoes were preserved as in Example 13, except that the

20 potatoes were dipped into a preservative solution containing 4.0 grams
21 ascorbic acid and 2.57 grams stannous chloride dihydrate. The results

22 are shown in Table 10.

23 Table 10

24 Color of Potato Slices

25 Preserved with Produce Preservative

26
Example Day 2 Day 6 Day 8 Day 12
Example 26 10 10 10 10
Control 5 4 4 4

27

28

29

30
31

18



8 ions; erythorbate ions; and m xtures thereof; and 9 water; 10 wherein:
the ani on and nagnesiumare present in a nole ratio of from 11 0.2:1 to
8:1; and wbespoasuce preservative has | ess than 5% fl avonecd/usa21aed net al

i on; sequestiantideys k4 b. applying said produce preservative to the
produce. 15 16 2. The nethod of Caim1l, wherein the preservative sol ution
17 preservative solution has |ess than 1% sodi umi ons . and Ieﬁs t.h 1% 18
pot &ssilum i Andiethgd T3 PrERErEt ot ot PEHMCE, SHBFEFhPY hé T)rggg?%ﬂgve
sol yti @Repl preservative solution has less than 0.5%of citric acid, or
cCitrate %2 ions, and less than 0.5% nmalic a%i.d and malate ions. 23 24 4.

TheS mefhod BFOCIHiNAE 3 1P¥SUCE, PEESSUYAEAVS, SHAETLAR | P 4 SRS’ magnesi um 25

i ong angabh&sam @enAand magnesiumion are present in a nole ratio of from 26

0.75:1to 8:1. 27 .28 5. .The t ho f dains 1, 2, Qr. wher ei_n

cation is the 28™eghéSitah F‘gﬁe%ﬁg ?ﬁ%m p&gsgfc\jlﬁ i CEC48 a??oo%r'cgrsfﬁ%&gaé:s?: 30
frop 0.13n%6 tery30% 0t & henspoes iRt sy taaded]; ndm 0. 1% to 40% of the

ani ons; wherein the anion and magnesium 32 ion are present in a nole ratio
of from1:1 to 4¥3%©33 34 6. The nethod of Clains 1, 2, or 3, wherein the
catipon wRetdim: Ihemaghesi sum i agressdunherpr pserenst iive ahaoleesstihapt 50%6a9f

filmfaorging 36 agents, .lacti i i . c1h of
e e e e Lo

pr aser watli weradolioh i syuesnpantses from 0. 1% to 19 WO 03/104730 PCT/ US03/ 17721
1 3{8% magnesi umions, fromO0.5%to 15% ascorbate ions or erythorbate 2

i ons; wherein the anion and nagnesiumion are present in a nole ratio of 3
fram 115: 1 tppByinqardid herqiucdupecdarvat neqrlier the pPIREUSEl canaceae 4 fanmily,
thelsArraryI | i daceae fam |y, the Brassicaceae famly, the 5 Cucurbitaceae

fanmi'ly, the Asconycetes/Basi di onycetes classes or the 6 tree fruits.,
16 2. The method of Claim 1, wherein the preservative solution

17 preservative solution has less than 1% sodium ions and less than 1%
18 potassium ions.

19

20 3. The method of Claim 1, wherein the preservative solution
21 preservative solution has less than 0.5% of citric acid, or citrate
22 ions, and less than 0.5% malic acid and malate ions.

23

24 4. The method of Claims 1, 2, or 3, wherein the cation is the magnesium
25 ion and the anion and magnesium ion are present in a mole ratio of from
26 0.75:1 to 8:1.

27

28 5. The method of Claims 1, 2, or 3, wherein the cation is the
29 magnesium ion and the preservative solution comprises:

30 from 0.1 % to 30% of the magnesium ion; and

31 from 0.1% to 40% of the anions; wherein the anion and magnesium
32 ion are present in a mole ratio of from 1:1 to 4:1.

33

34 6. The method of Claims 1, 2, or 3, wherein the cation is the
35 magnesium ion and the preservative has less than 5% of f£ilm forming
36 agents, lactic acid and cysteine.

37

38 7. The method of Claims 1, 2, or 3, wherein the cation is the

o\®

39 magnesium ion and the preservative solution comprises from 0.1% to

19



7 8 8. The nethod of Clains 1, 2, or 3 wherein: 9 the cation is the
magnesi um and the preservative solution conprises 10 fromO0.2%to 3%
magnesi urwoaesgo47and from 1% to 5% ascorbate 11 ions or eprgrhusodatrer i ons;
12 {he gk oflugse d SisS 8logst edrbnomot B g6 0UPs £ 0aStSidate QbnpepReesytfite 13
tomat oes, cucunbers, nushroons, celery, potatoes, lettuce, anpoql es, .14
peals, 1809t HNEES AN TiBRLAR eaNd MBEBEF1UN 519 AT B BIRREEL &7 c@t"Clgngatis Fhe
cut 3 predyge i1 500t cbrozenandr ik dﬁﬁl&dﬁ%d Qs cannetbeaf t6f shepsblcaddcehd 9.
A cut fruit of vegetabl e preserved_accordi n% to_the nethod of Clains .19 1,
2, br fambby, 21thF0. APREY hEYRSEAST EFRFHE 1575, BFASSIGRREAS nfeW Cati%lt is
zi ng, eandurridarken mndigat itk asecdqiesess/bdsidlicalected i elabsés oor0.tHe: 1
to 8:1. 23 24 11. The nethod of Clains 1, 2, or 3, wherein the cation is
tin® afgeBhE"35 anion and cation are present in a nole ratio of from
0.7%:1 to 8:1. 26 27 12. A nmethod for preserving fresh produce conprising
the follown 28 steps: 29. a. prqvidi roduce preservative solution
condi sfing gg@e‘ﬁﬁkﬁdl f%oggagbs 31 g’c%%rﬁs‘?gle“é%t ed fromthe group

consi stthBgcaf iomaghesheinma@zdiam; aniincheonprebarvam;vearsblvitibur esmpiieresof ;
33 and an anion selected fromthe group consjsti of ., oaggor hat [,QNS;
er;}?hor bat e@ir8lﬂs; 83%8 il xt%g? enéa%nﬁésgg%f ;Po%ér)]’d %’? V\ffgt%gr; 1§G%§me?§i %S%ﬁrgbaat%inon
andi catioas ¢Oremttaopb&sentonsn a nole ratio of from 37 0.2:1 to 8:1; 38 b.

applying,.said produce preservativ Qt r : 730, 4
oo oo Sns Tpoa Rl Y SERELATHAE & B ?%H& Sauirfy B pbipetdMhion,
magpesitonkteer, t hecuBbeard ,onmasilr aatsi, oncekerypr eBefatdas.a hetudeat i aPpfes.r om

0.75:1 to0 8:1._ 4 4, T Eth gfaim12, wherein the cation is zinc,
ancﬁanipgﬁr%haavoésagg?%o%n%i?ﬂg}%?egentlpglrr? a'nole ratio of from0.75:1 to 8:1.
15 the produce is cut, and;

16 the cut produce is not frozen, dried, cooked or canned after step b.

18 9. A cut fruit of vegetable preserved according to the method of Claims

19 1, 2, or 3.

21 10. The method of Claims 1, 2, or 3, wherein the cation is zinc, and

22 anion and cation are present in a mole ratio of from 0.75:1 to 8:1.

24 11. The method of Claims 1, 2, or 3, wherein the cation is tin, and the

25 anion and cation are present in a mole ratio of from 0.75:1 to 8:1.

26

27 12. A method for preserving fresh produce comprising the following
28 steps:

29  a. providing a produce preservative soirution consisting essentially of
30

31 a cation selected from the group consisting of: magnesium

32 ion; zinc ion; tin ion; and mixtures thereof;

33 and an anion selected from the group consisting of: ascorbate
34 ions; erythorbate ions; and mixtures thereof; and

35 water;

36 wherein the anion and cation ion are present in a wmole ratio of from
37 0.2:1 to 8:1;

38 Db. applying said produce preservative to the produce.

20



7 8 15. The method of Caim 12, wherein the cation is tin, and the anion
and 9 cation are present in a nole ratio of fromO0.75:1 to 8:1. 10 11 16.
The net howooB/1@7a m 12, wherein the cation i s nmagnesi um a&od/ushg177i2
p;esﬁrvative solugion preservative solution contains: 13 fromO0.1 %to 15%
of the cation; and 14 from0.1%to _30% of the anion;, wherein,the a and
U5 Eation Bhe PrOSEhion (CRbIig ¢ SPRRSH THOmatipa d o pensgiiny 43 The
met Hod agf ol Bidntd@ionvageepresdte ifiad in@i e SattRgRESEvom tthes:18:qr @servative
solution conprises fromO0.1%to 10% of the cation, and 19 fromO0.5%to 15%
ani dn; wherein the anion and cation are present in a 20 nole ratio of from
i 55 1I Itl@d3 i:hetrf&;hplﬁOdlﬂCﬁliﬂn azenberent tiee calobolsanaceaanfiarnion aride
maryl | i daceae fam t he Brassic ceax fam | 22 the Cycurbitaceae
fanflyC aFﬁﬁlﬁggoﬂﬁ%e¥%Sf%d§fﬁi5n§8§ O AR ssegygé %h i gHtree fruits; 24

and7t he cut produce is not frozen, cooked or canned after step b. 25 26 21
8 15. The method of Claim 12, wherein the cation is tin, and the anion and
9 cation are present in a mole ratio of from 0.75:1 to 8:1.

10

11 16. The method of Claim 12, wherein the cation is magnesium, and the

12 preservative solution preservative solution contains:

13 from 0.1 % to 15% of the cation; and
14 from 0.1% to 30% of the anion; wherein the anion and

15 cation are present in a mole ratio of from 1:1 to 4:1.

17 17. The method of Claim 12, wherein: the cation is magnesium; the
18 preservative solution comprises from 0.1% to 10% of the cationm, and
19 from 0.5% to 15% anion; wherein the anion and cation are present in a
20 mole ratio of from 1.5:1 to 3:1; the produce is a member of the
21 Solcanaceae family, the Amaryllidaceae family, the Brassicaceae family,
22 the Cucurbitaceae family, the Ascomycetes/Basidiomycetes classes or the
23 tree fruits;

24 and the cut produce is not frozen, cooked or canned after step b.
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