T TEE OF- 1 NVENTI ON MAYONNAI SE AND DRESSI NG COVPCSI TI ONS HAVI NG A
GLUCONO- DELTA- LACTONZ PRESERVATI VE SYSTEM BACKGROUND OF THE | NVENTI ON Fi el d
of . the Invention This invention relates to mayonnai se and spoonabl e or '
pour abl e dressing conpositions, including reduced-calorie |owfat
mayonnai se and reduced-cal orie, lowfat, spoonable or pourable dressing
conposi tions, having extended shelf-life and superior resistance to

m crobi al growth. The conpositions of th& Tnvention al so have desirabl e
organol eptic properties and m ni mal. PQﬁNﬁﬁﬁﬁhe acidic bite. In
particul ar, the present |nvent|on—héggées—%e—ﬁayennalse and dressing
products wherein glucono-delta-lactone (sonetines referred to herein as

"GDL"™) and, optionally, éww £ m%gaﬁhe pH to | ess
t han about 3.5 to L ¥ bl e
mayonnai se and sarlhg gr esangs Ch are Test s § ?%i"f@gf f ood

spoi |l age are commonly avail able. For exanple, it is known to food .
manufacturers to enploy a teBACKEROUNDOOE TRESYNGEMIEON C Preservation to
control a wi de range of bacteria, yeast, and fungi, and also to mnim ze
the health hazard risks associated with the presence of certain pathogens,
such a [er

This invention relates to naybﬁnaisc and spoonable or
pourable dressing compositions, including reduced-calorie low-fat
mayonnaise.and reduced-calorie, low-fat, spoonable or pourable .
dressing conpositioni, having extended shelf-life and superior
resistance to microbial growth. The compositions of the

"invention also have desirable organoleptic properties and minimal
objectionable acidic bite. In particular, the present inventioﬁ
relates to mayonnaise and dressing products wherein
glﬁcono-delta—lactone (sometimes referred to herein as "GDL")
and, optionally,-acetié acid are enployed'to lower the pH to less
than about 3.5 to resist nicrobiil gfowth.

The Prior Arxt

Shelf stable nayonnaise and salad dressings which are
resistant to rost forns of food spoilago are commonly available.
For example, it is known to food manufacturers to employ a
technique known as synergistic preservation to control a wide
range of bacteria, yeast, and fuhgi, and also to minimize the
health hazard risks associated with the presence of certain
pathogens, such a-Salmonella, Staphvlococous aureus, and Listeria
monocvtogenes.



#2- Synergistic preservation is based on the interactive, antim crobial
effects of fornulation conponents. These effects are determ ned by the type
and percent of acid(s) and salt(s) used in the forrmulation, as will as the
formulation's pH and water activity [err]. Many pourable particul ated
dressings also include antinycotic preservatives such as sorbic acid,

sodi um benzoat e, potassi um benzoate, and/or potassium sorbate to | engthen.
shelf-life. In addition, refrigeration“Hﬁ§ a known bacteriostatic effect
agai nst m croorgani sns which are sensitive to | ow tenperatures U S. Patent

No. 4,927,657 dsyhepgeetibopreserition i based vnctheointersctive/
dressing having a preservation system conprised of at |east two edible
aci ds as aantipietrobiall effects o farmuiatiom ziompondntsabi These eLfetans
(such as 100% acetic or lactic acid) at standard or high total |evels of .
aci d. The a¥ebHdeterminedrbythe Lype tand; pencantsofdagid(s) nand Ralk(ador e

Car tnose r 98001 ABn R COPMMIREIOn 0,48 ekl s kb £ormB18E4oR RPN S| o can

be used al oRgqp" aicQ:lepi Pi},i on ﬂﬂw‘ &Mﬁ%ﬂk&ia&pﬁéﬂfﬁw also
include antimycotic preservatives such as sorbic acid, sodium
benzoate, potassium benzoate, and/or potassium sorbate to
lengthen shelf-life. In addition, refrigeration has a known
bacteriostatic effect against niéroorganisns which are sensitive
to low tenperatures;
| U.S. Patent No. 4,927,657 discloses what is said to be a
reduced tartness salad dressing having a preservation system
comprised of at least two edible acids as a complete replacement
for conventional acid stabilizing systems (such as 100% acetiq or
lactic acid) at sﬁandard or high total levels of acid. The
edible acids are buffered to an increased pH dsing one Or more
edible saits to reduce tartness. Sugar is also said to be useful
to enhance tartness reduction.

Accprdinq to U.S. Patent No. 4,756,919 fun;ric acid can be
used alone or in combination with a food acidulent.to preserve
acid containihg food products, including salad dressings and
iayonnaises, from lactic acia bacteria nic:obioloqical_spoilagc
in the absence of or at reduced levels of ¢henica1 preservativu.
In food products which nofnally_uso acetic acid as an ingredient,
the amount of acetic acid is reduced and fumaric acid is
substituted therefor in an amount such that the total amount of



aci d«containing food products, including salad dressings and mayonnai ses,
fromlactic acid bacteria m crobiological spoilage in the absence of or at
reduced | evel s of chem cal preservative. In food products which normally
use acetic acid as an ingredient, the anount of acetic acid is reduced and
fumaric acid is substituted therefor in an anmount such that the total
anount of -3- titratable acid is$ the sane as it would be if only acetic
acid had been used: conpositions of thg& %ﬁyonnaise and Ssal ad dressing type
are said to be preserved in the absence of chemical preservatives with a

- conbi nati on of acetic and phosphoric acid according to U.S. Patent No.

4,145, 451. ¢]heatablbi 4614 "D NEtie Hant® Ws At2WOulAOHANEE 6nkyi detId QLA ar e

selected by first selecting that anount of acetic acid which provides the

desi red achddobebii’ igsédlavor, and sel ecting the anount of phosphoric acid
based on the anpunts of noisture, sugar and acetic acid present. In recent
years, reduced Cehpositionghof the mayennaisedandcsslad dressing type axeen

i o1 obi of oBR4e] tat BRGBEREFVERCL ShaiabeeAGE OF; CERBLRR} PTRIRT YRS

SignifiCanaththggﬁbination of ﬁcctic and phosphoric acid according to
U.S. Patent No. 4,145,451. The relative amounts of acetic and
phosphoric acid employed are sclecteg by first selecting that-_
amount of acetic acid which providas.thc desired acid or tart
flavor, and selecting the Anount of phosphoric acid based on the
amounts of moisture, shgar and acetic acid present. |
| In recent years, reduced calorie "light" mayonnaise and
dressing products have been introduced into the marketplace and
have gained in popularity. From ﬁ licrobioloqical standpoint,
these reduced-calorio.tormulations pose significantly higher
spoilage risks than do traditional, fuli-calérin prodgcts.
Although reducedrcaiorii dressings néy have similar constituents
as full-calorie embodiments, their caloric content is reduced by
replacing with water all or part of the oil contained in a full-
calorie formulation. However, this replacqnent of oll with water
also may alter the taste of the dressings and, often, compromises
bacteriological stability. And even thongh the incorporation of
antimycotic preservatives into_reduced—calo:ic mayonnaise and
spoonable and pourable dressing formulations redﬁcas the risk of
yeast and/or mold spoilage, it has little or no effect against
lactic acid bacteria and cerﬁain pathogens.

Because the increased moisture level in reduced-calorie



gpoi l.age risks than do traditional, full-calorie products. Although
reduced-cal ori e dressings may have simlar constituents as full-calorie
enbodi ments, their caloric content is reduced by replacing with water al

or part of the oil contained in a full- calorie fornulation. However, this
repl acement of oil with water also may alter the taste of the dressings
and, often, conprom ses bacteri ol ogi cal gtability. And even though the

i ncorporation of antimycotic preservatives into reduced-cal ori e nmayonnai se
and spoonabl e and pourabl e dressing fornul ati ons reduces the risk of yeast
and/ or nold spoilage, it has little or no effect against lactic acid

bacteri a and:ﬁelaewni)amvmns R potentialnopanborobiciogiodivel in
reduced-cal ori e formul ations increases the potential for m crobiological

activity, abeivitypdsheddnands omwthe ajicrabiclegicakistabiikzing gystend in

such fornul ations are al so increased. However, elevating a.fornulation's
aci d cont eamployedt in such fommuatdonm QQQ)MGP Ancreased. , Howaver,
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the formulation’s tartness and flavor. Thus, even though low-

calorie formulations have been known for ovct thirty years (ses,
a.d., U.S. Pat. No. 2,916,383 to Nasarevich et al. and U.S. Pat.
No. 2,916,384 to Bondi et al.) tqod.nanutactu:ers continue to
seek ways to simultaneously extend the shelf-life and improve the
taste of such products. |
The use of GDL in edible products has been known for some
time. For example, U.S. Pat. No. 3,211,558 to Baur discloses
using GDL to inhibit thé deposition of high-melting solids
("clouding®) in full-calorie salad oils. GDL has also been used
as a preservative in a formed pet food product (see, U.S. Pat.
No. 4,011,346 to'nrnst), and to reduce the amount of thermal
processing required for low-acid, heat-sensitive foodstuffs,
especially certain vegotdblos, in order to presorve nutritional
and organoleptic properties (see, U.S. Pat. No. 4,741,911 to
McIntyre). U.S. Pat. No. 4,931,297 to Malyniak et al. discloses
| using GDL in required combination with adipic and citric acids in
order to preserve foodstuffs-withoﬁt-1nparting a substantial
acidic taste. _
GDL has been used as a preservative for non-sterile,
partially prepared fruit, pasta, vegetable, meat, poultry, or



seek ways to sinmultaneously extend the shelf-life and inprove the taste of
such products. The use of GDL in edible products has been known for sone
time. For exanple, U S. Pat. No. 3,211,558 to Baur discloses using GDL to
inhibit the deposition of high-nelting solids ("clouding) in full-calorie
salad oils. GDL has al so been used as a preservative in a formed pet food
‘product ([err] U S. Pat. No. 4,011,346 tp Ernst), and to reduce the anount
of thermal processing required for |owacid, heat-sensitive foodstuffs,
especially certain vegetables, in order to preserve nutritional "and
organol eptic properties ([err] U S. Pat. No. 4,741,911 to MIntyre). U S
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preservative for non-sterile, partially prepared frui't, pasta, vege
neat, poul prpducts contaifing faisiigfdgenty, stich a8’ pancakes’ S wdf¥lds

PCT Pat. No. W 91/02465 to \iss et al. ) and for preserving batter-derived

food produfgeacoBritishgPati Hog Q\@nt&om:!as:qomnsotndlx/\hf fles
Interestingly, GDL also has been used to provide an optimal
environment for the growth of Lactobacilli used in a fermentive
procédm to preserve protein feed (seae, PCT Pat. No. WO 88/04527
to Aaltonen et al.). | | '

Manufacturers have also atteipted to reduce the tartness ot'
salad dressing products by employing various mixtures of edible .
acids to reduce pH yét provide anfacceptable-tastinq product to

- the consumer (gee, for example, U.S. Pat. ﬁo. 4,927,657,
discussed above). However, the use of GDL to accomplish such
objectives in reduced-calbrie formulations has, until the present
invention, been unknown.

It is an objoct of the present invention to provide
mayonnaise and spoonable or pourable dressing compositions,
ihcluding reduced-calorie low-fat mayonnaise or re&nced—calorie,
low-fat, spoonable or pourable drgssing'conpositions, that have a
longer shelf-life than similar products which are currently
available. _

It is another objecg of the prgscnt invention to provide
mayonnaise and spoonable or pourable dressing compositions,
including reduced-calorie low-fat mayonnaise or reduced-calorie,
low-fat, spoonable or pdurablo dressing compositions, that have
desirable organoigptic properties and minimal objectionable



¢([errn], British Pat. No. G B. 2,036,533 to Burton et al.). Interestingly,
GDL al so has been used to provide an optimal environnent for the growth of
[err] used in a fermentive procedure to preserve protein feed ([err], PCT
Pat. No. WO 88/04527 to Aaltonen et al.). Manufacturers have al so attenpted -
to reduce the tartness of salad dressing products by enploying various

m xtures of edible acids to reduce pH yq;_provide an accept abl e-tasting
product t.o the consuner ([err]; for exanple, U.S. Pat. No. 4,927,657,

di scussed above). However, the use of GDL- to acconplish such objectives in
reduced-cal oy e fornul ati ons has, until the present invention, -been
unknown. Iﬁciéféup ect of t.he present invention to provide mayonnai se and

spoonabl e or paur ' ' : it i ' r - rie
OveTat mayonnd) bihel et SHTRAY brafiee, hpdftld 6 4 it 8
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which are currently available, It 1s another object of the present

i nvent i on dypeéndisg e \whuldi-d4 fe1oLs pachabbapositions )| whible wthod
conpositions, including reduced-calorie | owfat mayonnai s or

reduced- caonsists of fadding glucono-deltarlactonerand; wptionaldy, acstichat

have desirabl e organol eptic properties and m ni mal objectionable
acid in sufficient quantity to lower the pH about 3.5 or less.

Another object of the preéent invention is to provide a
method for inpro#ing the resistance to microbial growth and
thereby extending the shelf-life of compositions based upon
mayonnaise or dressing compositions, including reduced-calorie
low-fat mayonnaise 6: rgduced-caldrie, low=-fat, spoonable or
pourable dressing compositions, which method consists of adding
to such compositions a constituent mayonnaise or spoonable or
pourabie dressing_conposition having as a preservative systea
glucono-delta-lactone and, optionally, acetic acid in sufficient
quantity to low5r the pH of the composition to about 3.5 or less.

SUMMARY OF THE INVENTION '

The mayonnaise and dressing compositions of the invention
have superior resistance to microbial growth, desirable
organoleptic properties, and minimal objectionable acidic bite.
In particular, glucono-delta-lactone and, optionally, acetic acid
are ingorpo:ﬁthd into nafbnnaiso.and spoonable qi pourable
dressing compositions, including reduced-calorie low-fat
mayonnaise and reduced-calorie, low-fat, spoonahlp or pourable
dressing compositions, in sufficient quantity to lower the pH to
about 3.5 or ‘less, pre!érabiy about 3.3 or less. In accordance



;6- acidic bite. A further object of the present invention is to provide a
met hod for inproving resistance to mcrobial growh and thereby extending
the shelf-life of such compositions, which nethod consists of adding

gl ucono-del ta-l actone and, optionally, acetic acid in sufficient quantity
to lower the pHto about 3.5 or | ess. Another object of the present
invention is to provide a nmethod for inpgroving the resistance to m crobial
growt h and thereby extending the shelf~I{fe of conpositions based upon
mayonnai se or dressing conpositions, including reduced-calorie |owfat
mayonnai se or reduced-calorie, lowfat, spoonable or pourable dressing
conposi t i obth "he M riwéntibn,Q gluconosileltd-igctone ucin dmmaed agna a
constituent mayonnai se or spoonable or pourable dressing conposition having

as a prescpresemeative cin fihe ahsence of| gthercaghdulents oih oan becusedaci d
| ose. SUNMARYCORSRMEE o AHRANEISTARRIF 398BE R, Sh L8 SAPTER 5 PEPORS of
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parti cul arg; gh USRI e dritindotid agentsl1h! ¥he abiérnce el other
acidulents. The shelf stability of the mayonnaise and dressing
compositions ;s extended by the preservative system of the
invention while maintaining desirable flavor profiles.
DETAILED DESCRIPTION OF THE INVENTION
The invention relates to the use of GDL to reduce the risk
62 spoilage by Lactobacilli in mayonnaise and spoonable and
pourable dressing compositions, yeasts and othe;
microorganisnms.
The compositions of the invention comprise from about 0 to
about 60 percent by weight edible oil, from about 10 to about 99
percent by weight moisture, from about 0 to about 30 percent by
weight sweetener, and the balance is food solids and a preserving
system containing less than about 1% by weight glucono-delta-
lactone, preferably in conbination wiﬁh an antimycotic agent
(e.g., sorbic acid, benzoic acid, sodium benzoate, potassium
benzoate, and/or potassium sorbate) and, optionally, also in
combination with acetic.aéid, to prbvidn a broad4based,
synergistic presotvativa._ The compositions of the invention have
a pH of less than about 3.5, pfeferably about 3.3 or less.
Suitable edibie oils for use in the invention are those
conventionaily.usod to make mayonnaise and dressing products and



are i.ncorporated i nto mayonnai se and spoonabl e or pourabl e dressing

conposi tions, including reduced-calorie | owfat myonnai se and

reduced-cal orie, |lowfat, spoonable or pourable dressing conpositions, in
sufficient quantity to Iomer the pH to about 3.5 or less, preferably about
3.3 or less. In accordance -7- with the invention, glucono-delta-Iactone
can be used as a preservative in the ab%ﬁnce of other acidulents, it can be
used in conmbination with antlnycotlc agehts in the absence of other
acidulents, or it can be used in conmbination with acetic acid, with or

Wi t hout antlnycotlc agents, in the absence of other acidulents. The shelf
stability tiey G¢QQMndﬂ§blanuneteiéﬂﬁgﬂéoﬁpostDOc#!iQQYQQHiﬂﬂdQGISy ote

preservative systemof the inv ntlon whi | e_nai ntai ni desi rabl e fl avor
profil es. mENtires thergef,p fHE‘IRSE Tﬂ@g? t%H“P #dres to
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oil and other vegetable oils are suitable.

Any natural and/or artificial sweeteners conventionally used
in foods can be used in the compositions of the invention.
Suitable sweeteners include, but are not limited to, sucrose,
fructose, dextrose, coin syrup solids, saccharin and aspartame.

Other ingredients which can bo‘used to make the compositions
of the invention 1nclddo, but are not limited to, tomato pulp,

' beef extract, microcrystalline cellulose, mustard powder, orange
peel, pectin, calcium, vegetable and/or fruit'puree, skim milk,
buttermilk, egg yolk, dehydrated sour cream, nonfat dry milk,
food particulates such as bacon, cheese and minced vegetables,
salt, pepper, gums such as xanthan and algin derivatives,
emulsifiers, starch, dietary fiber, spices and flavorants and the
like. _ | _

Glucono-delta~lactone (Merck Index,'ret. 4317 (10th Eq4.
(1983)) is the self-ester (lactone) of gluconic acid (also
variously known as glyconic or glycogenic acid). The Merck Index
describes its taste as "sweet," whereas gluconic acid is
described as hhving a "nild acid taste". GDL is hﬁdrolyzad by
water (@.g., a 1% agqueous solution has upon formation a pH of
3.6, which changes to pH 2.5 within 2 hours) and exists in
solﬁtion. as shown in the téllowing‘equillhriun:



percent by wei ght noisture, fromabout O to about 30 percent by weight
sweet ener, and the balance is food solids and a preserving system
containing | ess than about 1% by wei ght gl ucono-delta- |actone, preferably
in combination with an antinycotic agent (e.g., sorbic acid, benzoic acid,
sodi um benzoat e, potassi um benzoate, and/or potassium sorbate) and,
optionally, also in conmbination with acehic acid, to provide a broad-based,
synergi stic preservative. The conpositions of the invention have a pH of

| ess than about 3.5, preferably about 3.3 or less. Suitable edible oils for
use in the invention are e conventionally used to nake mayonnai se and
dressi ng products and - they include, but are not limted to, the
triglyceride oils, or g Qs thereof, derived fromoil seeds such as
‘cot t onseed, soybean, c§ ane_;n_;ﬁﬁiigmmg QQSHQ aIIy
used in foods such as - eed) o ; utj oil an
other vegetable oils a 'bIe. Any nat ural and/ or 98, OB Q& smeeteners
conventionally used i can be used in the conp05|t|ons of the

i nvention. Suitable swee i nclude, but are not limted to, sucrose,
fructose, dextrose, corn.syrlo solids, saccharin and aspartane.

Glucono-delta-lactone (GDL) Gluconic Acid

A second lactone, glucono~-gamma-lactone (GGL), wherein the thirq,
. gamma carbon away from the carboxyl group is esterified, also
exists in such aqueous solutions. _

When in aqueous solution, a majority of gluconic acid is
formed and the minority remains as a mixture of glucono-delta-
lactone and glucono-gamma-lactone.

GDL is described as a "time release® acidulent. In a low-
fat or no-fat product in which fat/oil constituents have been
replaced with water, the-tastd of the product may bo-nore
adversely affected by the presence of typical antibacterial
acidulents such as citric, malic, or tartaric acids than by the
presence of GDL. | |

GDL has been used to preserve low-acid, heat-sensitive
canned foodstuffs (U.S. Pat. No. 4,741,911 to McIntyre et al.)
aﬁd to preserve fruits, pasta, Qegotablcs, neat, poultry, and
fish (PCT Pat. No. WO 91/02465 to Weiss et al.). However, both
ot_thgs.'publications teach the creation of an equilibrius pH for
the product of less than 4.6, preferably 4.3 to 4.6, which is not
low enough to prevent the growth of Lactobacilli.

GDL also has been used in combination with adipic and citric



X her. i ngredi ents which can be used to nake the conpositions of the

I nvention include, but are not limted to, tomato pul p, beef extract,

m crocrystalline cellul ose, nmustard powder, orange peel, pectin, calcium
vegetabl e and/or fruit puree, skimmlk, butterm |k, egg yol k, dehydrated
sour cream nonfat dry mlk, food particul ates such as bacon, cheese and
m nced vegetabl es, salt, pepper, guns i ch as xanthan and al gin
derivatives, enulsifiers, starch, dieta § Tiber, spices and flavorants and
the. li ke. ducono-delta-lactone (Merck Index, ref. 4317 (10th Ed. (1983))
is the self-ester (lactone) of gluconic acid (also variously known as

gl yconi ¢ oacpdsceae presurving B wille' ekngader f6s6ds) bﬁfcﬂdﬁr?ahtlgh&icld

"sweet," whereas gluconic acid i's described as having a "mld acid taste".

GDL i s hydfobgse(Uly. Raty Noa. @,931,297atocMaliynbakietalids toopriovidet i on
a pH of 3.6, which changes to pH 2.5 within 2 hours) and exists in
sol uti on, antibeokerial rateictian,forqdives: pate (Robert [Hy Maddengc52dJ.

:‘?gﬁno?ﬁ’e gl ucoQno- gam‘ra-! act &&%a}%gési’ntgh%&u démgashmﬁtc%&t%(zno%my

' salads (Food., Eng., Sep. 1989); and to prevent the oxidation of
oils containing nnsaturated fats (U.S. Pat. No. 3,211,558 to
Baur).

Various other references show still further uses of GDL: in
bread compositions (JP 79-27885 to Toyo Jozo): as a food
preservaﬁive in combination with anhydrous sodium acetate (JP 75~
21531 to Toyo Brewing); as a preservative in bean paste (JP 74-
34821 to Okumo sgiyaku): as a feed preservative (e.g., EP-A |
335896, 1989 to Cultor OY):; in combination with an-antimycotic
agent for pet food (U.S. Pat. No. 4,011,346 to Ernst):; and for _
"seni-moigt” products (British Pat. No. G.B. 2,036,533 to Burton
et al.).

The preservative system of the present invention functions
effectively at a pH of about 3.5 or less, preferably about 3.3 or
less. The system consists essentially of, and preferably
consists of, glucono-delta-lactone and, optionally, acetic acid -
and/or antinycotic agents. The glucono-delta-lactone is used in
a concentration of up to about 1% based on the total weight of
the preserved mayonnaise or dressing composition.

According to one embodiment of the present 1nvontioh, there
are provided mayonnaise and spoonable or poutablo dressing
compositions, including reduced-calorie low-fat mayonnaise and



exi st=s in such aqueous solutions. Wen in aqueous solution, a majority of
gluconic acid is forned and the mnority renmains as a m xture of

gl ucono-del ta- | actone and gl ucono-gamma-| actone. GDL is described as a
"time rel ease” acidulent. In a low fat or no-fat product in which fat/oil
constituents have been replaced with water, the taste of the product nmay be
nore adversely affected by the presencglﬂf_typicar anti bacterial acidulents
such as citric, malic, or tartaric acids than by the presence of GOL. GDL °
has been used to preserve |owacid, heat-sensitive canned foodstuffs (U S.
Pat. No. 4redidcéd-cdloriie,nlpwetat, aspoonablé oy anralsld dAressingast a,
veget abl es, neat, poultry, and fish (PCT Pat. No. WD 91/02465 to Wi ss et

al .). Howesompositions, coaprisingi gluconc-deltarlictane: andonoptionally,
equilibriumpH for the product of less than 4.6, preferably 4.3 to 4.6,
which is rRfetis agid,dn syfficient auantity e Jovex the g to abous3psecn
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Mal yni ak et al JoadiuiigoBnother embodiment of the present invention,
there is provided a method for improving the résistance to
microbial growth and thereby extending the shelf-life of such
mayonnaise and dressing compositions, which method consists
. essentially of adding glucono-delta-lagtone and, optionally,
acetic acid in sﬁf!icient quantity to lower the pH to about 3.5
or less, preferably about 3.3 or less, and, in a preferred
embodiment, adding anﬁimycotic agents. | |

There is also provided according to the present invention a

method for improving the resistance to microbial growth and
thereby extending the shelf-life of'conpositions based upon
mayonnaise and spoonable or pourable dressing compositions,
including feduced—calorie low-fat mayonnaise or reduced calorie,
1ow-fat,'spopnable or pourable dressing compositions, which
method consists essentially of édding to those compositions a
constituent mayonnaise and spbonablé or pourable dressing
compositions, including reduced-calorie low-fat mayonnaise or
reduced-calorie, low-fat, spoonable or pourable dressing
compositions, having glucono-delta-lactone and, optionally,
acetic acid in sufficient quantity to lower the constituent pH to
about 3.5 or less, preferably about 3.3 or less. | |



anti bacterial protection for liver pate (Robert H Madden, 52 [err] [err]
881 (Dec. 1989)); to extend the shelf life of salads ([err] Sep. 1989); and
to prevent the oxidation of oils containing unsaturated fats (U. S. Pat. No.
3,211,558 to Baur). Various other references show still further uses of

GDL: in bread conpositions (JP 79-27885 to Toyo Jozo); as a food
preservative in conbination with anhydlﬁﬁs sodi um acetate (JP 75- 21531 to
Toyo Brewing); as a preservative in bean“paste (JP 74- 34821 to Okuno

Sei yaku); as a feed preservative ([err], EP-A 335896, 1989 to Cultor OY);

i n-conmbination with an antinmycotic agqasppggret food (U.S. Pat. No.
4,011,346 to Ernst); and for "sem -noist" products (British Pat. No. G B
2,036, 533 to Burn ¢hecifcllowinghexamplies vall pero@ituges arecby’ Wetght

i nvention functions effectively at a pH of about 3.5 or less, prerterably
about 3.3 unless otherwisesspecifiedstandsabhivindgamiis 120 preinr.abl y
consists of, glucono-delta-lactone and, optionally, acetic acid and/or
antimycotic agents. The gl ucono-delta- Iactone is used in a concentration of
up to about 1% based on the total weight _q e preserved nayonnai se or -
dressi ng conposi tion. Accordlng to on ﬁl nt of the present invention
there are { ] :

conposi tid

In order to evaluate GDL’s effectiveness in extending the
shelf life of reduced-calorie, low-fat mayonnaise, three samples
were prepared having the formulations set torth'in_reble 1.



I

- 11 - reduced-calorie, lowfat, spoonable or pourable dressing

conposi tions, conprising glucono-delta-lactone and, optionally, acetic acid
in sufficient quantity to lower the pHto about 3.5 or |less, preferably
about 3.3 or less. According to another enbodi nent of the present

I nvention, there is provided a nethod for inproving the resistance to

m crobial growth and thereby extending %he shel f-tife of such nmayonnai se
and dressing conpositions, which met hodconsi st s essentially of adding

gl ucono-del ta-l actone and, optionally, acetic acid in sufficient quantity
to lower the pHto about 3.5 or |ess, Ereferably about 3.3 or ‘less, and, in
a preferred enbodi nent, adding antinyc adents. There is al so provided
according to the present invention a nmethod for inproving the resistance to

“mcrobial growth and thereby extending the shelf-life of conpositions based
“upon myoﬁﬁ?&%“lﬁ oonabl e or pourable.dressing co itions, inc I ng

reduced- ca™ at mayonnai se or r ced calorie, wfat, spoo | e
or _pour abl g, dggssing conposi tions, whigghagpihod consagiggpssential lng ghee
addi ng to SBASE, casmisAd Q)2 Consti T @eRizBRYONNai Seg AaERgPoONabl € giz128
pourabl e ¢ | 3.7941 3.7941 3.7941
Water (added) 1.5468 1.5468 1.5468
Vinegar (120 grain) -0= 2.7622 5.5244
Potassium Sorbate 0.1785 0.1785 0.1785
Xanthan Gum 0.178% 0.1785 0.1785
Mustard Flour . 0.178% 0.1785 0.1785
Lemon Juice (conc.) 0.0893 0.0893 0.0893
Adjust Water 4.3639 1.6017 : -0-
GDL -1.1605 1.1605 1.1605
Fornulation1
Starch Paste ' 56.0099 - 56.0099 56.0099
Blended Salad 0il 32.4955 32.4955 32.4955
Spicol 0.2342 0.2342 0.2342
Egg Yolks (10% salt) - 4.924 4.924 4.924
Water 4.8077 4.8077 4.8077
EDTA? 0.0077 0.0077 0.0077

Beta Carotene - 0.021 : 0.021 0.021

Sample Formula M-1 contained 0.0% vinegar. Sample Formula
M-2 contained 0.1856% vinegar and Sample Formula M-3 contained
0.3712% vinegar. All three formulae contained 0.65% of GDL.

1. All ingredient amounts are expressed in parts by weight.
2. ethylenediaminetetraacetic acid



conpesi tions, including reduced-calorie | owfat mayonnai se or

reduced-cal orie, |lowfat, spoonable or pourable dressing conpositions,
havi ng gl ucono-delta-|actone and, optionally, acetic acid in sufficient
quantity to |lower the constituent pH to about 3.5 or less, preferably about
3.3 or less. - 12 - In the follow ng exanples all percentages are by

wei ght unl ess ot herwi se specified, and all vinegar is 120 grain. Exanple 1
Shelf Stability of Reduced-calorie, LowTat Mayonnaise In order to evaluate
GDL's effectiveness in extending the shelf |life of reduced-calorie, |owfat

I Tanre 1 eGSR ELEEF IR BallbRte JUrR] LS 4SRN UG 1R8ou1RELY

M2 Water at high (10,000/g) and 184w ¢{208/9) Lact8BadfYii ana yeastd 1366

| challenge levels. The test organisms used are listed in Table 2
and are known to be dressinés spoilage organisms. Inoculates
samples were plated weekly for two months. All products were
stored at ambient temperature.

TABLE 2

CHALLENGE STUDY TEST ORGANISMS

Lactobacillus : Yeast (Saccharomyces)
L. brevis (ATCC #8287) S. bailii (ATCC #36947)
L. buchneri (ATCC #4005) S. acidiaciens (ATCC #36946)
L. fermentum (ATCC #14931) S. rosei (ATCC #10744)
L. fructivorans (NRRL-4000, 4002) S. bailii - raw ingredient
L. plantarum (ATCC #14917) , : isolates

L. bulgaricus (ATCC # 11842)
- L. casei (ATCC #£393)

As may be seen by the results liéted in Table 3, all three
samplé formulations proved extrénelj stable against Lactobacilli.
Sample Formula M-1, without added vinegar, provgd extremely
stable against ng;gh;gilli and spoilage even at high challenge
levels. Sample Formula M-2 with half the normal amount of acetic
acid added and Sample Formula M-3, with the normal amount of
acetic acid added also were extremely stable against both
Lactobacilli and spoilage yeast.



starch (Dress'n 400) 8.2128 8.2128 8. 2128 Sucrose

3.7941 . 3.7941 ' 3.7941 Water (added) 1. 5468
1.5468 1.5468 Vi negar (120 grain) - 0- 2.7622
5. 5244 Pot assi um Sor bat e 0.1785 0.1785 0.1785
Xant han Gum 0.1785 0.1785 0.1785 Mustard
Fl our 0.1785 0.&285 . 0.1785 Lenon Juice
(conc.) 0. 0893 0.0893 ~ 0. 0893 Adj ust Water

4.3639 1.6017 -0- GOL 1.1605

1. 1605 1.1605 Fornul ation [err] Starch Paste

56.°0099 56. 0099 '56. 0099 BABEBcI Sal ad oil 32. 4955
32. 4955 ' -32. 4955 Spi col 0. 2342 -+ 0.2342
-0. 2342 Egg Yol ks (10% salt) : . . 4.924
Wat er g 4.8077 Salt
1.5 1.5 ) : ) ' 0. 0077

0. 0077 0. 0077 Beta Carotene 0. 021 0. 021

0.021 Sanple Formula M1 cont ai NeTCHOCKGANTSRSSPER ERAM ¢ Fornmula H 2
contai ned 0.1856% vi negar and Sanple Fornula M3 contained 0.3712% vi negar.
Al three formnmulae contained 0.65% of GDL. 1. All ingredient anbunts are

expressedibguﬁgxts by _weight . INOCULA

M-1 L 1.9x%104 <102 1.8x10% <10} <10l
L 1.0x10% 1.0x102 <10 - <10t <10}

(pH=3.3) Y 6.6x10¢ <10 . <10l <0.1 <0.1
Y 3.0x10% <102 ‘<101 <0.1 <0.1

M=-2 L 2.9x%104 1.6x103 <10l <0.1 <0.1
L 1.0x102 <10 <10l <0.1 <0.1

(pH=3.22) Y 6.1x104 1.5x%193 <10l <0.1 <0.1
Y 3.0x102 <10 <10l <0.1 <0.1

M-3 L 2.5x104 6.1x103 <10l <0.1 <0.1
L 3.0x102 .. <10 <0. <0.1 <0.1

(pH=3.15) Y 4.1x104 <102 <10 <0.1 <0.1
Y 4.0x102 <102 <10l <0.1 <0.1

2 Type of microorgansim is designated by L for Lactobacilli
and Y for yeast. '

<0.1 = Négative 10g Enrichment Analysis. (This means that no viable
microorganisms were detected in individual 10 gram product
sa:g::: ?ested by conventional enrichment broth recovery
llle e J



2. et.hyl enedi am netetraacetic acid - 14 - After filling in half-pint
jars, the sanples were inoculated at high (10,000/g) and |ow (100/g) [err]
and yeast challenge l-evels. The test organisns used are listed in Table 2
and-are known to be dressings spoilage organi snms. |nocul ates sanples were
pl ated weekly for two nonths. All products were stored at anbi ent
temperature. TABLE 2 CHALLENGE STUDY T %‘ ORGANI SMVS [err]

Yeast (Saccharonyces) L. brevis (ATCC™# S. bailii (ATCC
#36947) L. buchneri (ATCC #4005) S. aci di aci ens (ATCC #36946) L
fermentum (ATCC #14931) - S. rosei JATCC #10744) L. fructivorans

( NRRL- 4000, 4002) S bailii - raw i‘?@@h L. pl antarum (ATCC #14917)

i sol ates lg ' »Cellodddlivd B y #393) As may be seen
by the ‘L"FB‘?' PR nn-m".mr e Pragging bl ¢ 1 0r nul ations proved
extrenely a0 c Br e For a.h41 wi t hout added vi negar,

pr.oved extrene&h order to evaluate GDL’s effectiveness in extending the
| shelf-life of reduced-calorie, low-fat spoonable dressing

compositions, a Thousdnd Island-type dressing formulation was
prepared using the reduced-calorie, low-fat mayonnaise
formulations of Example 1. Each of Example 1 férmulations M-1, .
M-2 and M-3 were combined with tomato ketchup and pickle relish
in amounts of 24.184% and-11.971§ by weight, respectively, based
on the total weight of each dressing formulation. The thousand
island formulation using mayonnaise formulation M-l was
designated TI-1, M-2 was designated TI-2 and M-3 wﬁq designated
TI-3.

Sample Formula TI-l contained 0.0% vinegar. (COnstitutive
vinegar was present in the ketchup and relish used.) Sample
Formula TI-2 contained 1.547% vinegar and Sample Formula TI-3
contained 3.0942% vinegar. All three samples contained 0.6% of
GoL. |

After f£illing in half-pint jars, samples were inoculated at

" high (10,000/g) and low (100/g) Lactobacilli apd yeast challenge
levels. The test organisms used are listed in Table 2.
Inoculated samples were plated weekly for two months. All
products were stofed at ambient temperature.



stabl.e against [err] and spoilage even at high challenge |evels. Sanple
Formula M2 with half the normal anpbunt of acetic acid added and Sanpl e
Formula M3,  with the normal anmount of acetic acid added al so were ,
extrenely stable against both [err] and spoil age yeast. - 15 - TABLE 3
[err] M CROORGANI SM5 PER GRAN | NOCULA [err] a Type of mcroorgansimis :
designated by L for [err] and Y for yeaﬁg. <0.1 - Negative 10g Enrichnent
Anal ysis. (This neans that no viabl e Ti¢roorgani sms were detected in

-indi vidual 10 gram product sanples tested by conventional enrichnment broth

recovery met ho%s‘ )nay be %geit_by the results listed in Table 4, all three
sﬁmpla formulations broved extrenely:stable against Lactobacilili.
Sample Formula TI-1, without added vinegar, had a PH of aboht
3.3. This formula proved extremely stable against Lactobacilli
even at high challenge levqls. It also demonstrated acceptable
étability against spoilage yeast due to potassium sorbate present
in %he reduced-calorie, low-fat mayonnaise base.

' Sample Formula Ti-z, with half the normal amount of vinegar
added, and Sample Formula TI-3, with the normal amount of vinegar
added, each had a pH of aboﬁt 3.1 to about 3.3. Both formulae
were extremely stable against both Lactobacilli and spoilage

yeast.



Exanpte 2 Shelf Stability of Spoonabl e Reduced-cal orie, Lowfat Thousand

| stand-type Dressing In order to evaluate GDL's effectiveness in extending
the shelf-life of reduced-calorie, [owfat spoonable dressing conpositions,
a Thousand Island-type dressing formulati on was prepared using the
reduced-cal orie, |lowfat nmayonnai se fornul ations of Exanple 1. Each of
Exanple 1 formulations M1, M2 and M3 re conbined with tomato ket chup
and pickle relish i'n amounts of 24. 184%%6 11.971% by wei ght,

respectively, based on the total weight chh dressing fornul ation. The

t housand island fornul ati on usi ng mayonnai se fornul ation M1 was desi gnated
TI-1, M2 was deS|gnated Tl -2 and M3 vvas deS| gnat ed TI-3 Sarrple Formul a
Tl -1 cont ai ned 0. 0% RSa8Es0k S BaRbed 20 : : SARRIE.N t he

ket chup and relish used. ':‘m‘“ GI'L“ ;&E;W'Burs‘i_n"n. m" "”" vi negar and
Sampl e Forrmula TI-3 contai ned 3. 0942% vi negar. All three sanpl es cont ai ned
0.6% of GDL. After filling in hal BIGROARGANZSME PERGRAES were i nocul ated at

hi gh (10, 000/g) and | ow (100/g) [err] and yeast challenge |levels. The test
organi snms used are |isterhoctealabl e 2. | nocul ated sanpl es were pl at egpwenk! vy
for two NMFSRMULA Al FYRE®0UEVEL \era WESor ed - H¥S anifidR t SnNES at UMDS.

TI-1 L 4.7%x20% 6.9%103  1x197  4ax19?  1xi0l <0.1 Stable
L 4x102 5%10 <10 <10 <0.1. <0.1 Stable
(0% Y 6.1x10% 6.8x102 6.1%102 6.4x102 2.1x105 - visibly
Vinegar) - Spoiled
Y 5.3x102 1x101 <100 «<10? <10l <10l stable
TI-2 L 1.1x10% 3.6x1203 3%102 1x101 <6.1 <0.1 Stable
L 9.2x10%2  1x10l 1x10l <0. <0.1 <0.1 Stable
(1.5% Y 1x104 ax19? 1x101 <10 <0.1 <0.1 Stable
Vinegar) Y 3.7x102 <10 <10 <0.1 <0.1 <0.1 Stable
TI-3 L 2.5%10% 1.7x103 3%102 <10t <0.1 <0.1 Stable
L 4.1x102 3x102 <101 <0. <0.1 <0.1 Stable
(3.09% Y 2.9x104 5x191 <10t <10 <0.1 <0.1 Stable
Vinegar) Y 2.7x202 <10 <10t <0.1 <0.1 <0.1 Stable

.27ype of microorganism is designated by L for Lactobacilli and Y for yeast.
Poverwhelmed by high yeast challenge level.

<0.1 = Negative 10g Enrichment Analysis



-+ 17 * As may be seen by the results listed in Table 4, all three sanple
formul ati ons proved extrenely stable against [err] Sanple Formula TI-1,

wi t hout added vinegar, had a pH of about 3.3. This fornula proved extrenely
stabl e against [err] even at high challenge levels. It also denonstrated
acceptabl e stability against spoil age yeast due to potassium sorbate
present in the reduced-calorie, |owfat yonnai se base. Sanple Fornul a
TI-2, with half the normal anount of vinegar added, and Sanpl e Formul a
TI-3, with the normal anpbunt of vinegar added, each had a pH of about 3.1

to about 3.3. Both fornulae were extr 1&t#bl e against both [err] and
spoi | age yeast . - 18 - TABLE 4 [err CROORGANI SM5 PER GRAM | NOCULA
SPECI AL £ ¢ ' - '

In order to evaluate GDL’s effectiveness in extending'thq
shelf-life ot_reducedscalorié, low-fat pourable dressing
compositions, the method of Example 2 was repeated using a ranch-
type dressing formulation comprising one ounce of Hidden Valley
Ranch Original Ranch Salad Dressing Mix, one cup of niik and oﬂe
cup of reduced-calorie, low-fat mayonnaise base as prepared in
Example 1. _

Two product samples were prephred. Sample Formula R-1
cohtained 0.0% vinegar and Sample Formula R-2 contained 1.5471%
vinegar. Both samples contained 0.6% of GDL.

After filling in half-pint jars, samples were inoculated at
.high (10,000/g) and low (100/g) Lag;ghﬁgilli and yeast levels.
The same test o:ganisms_as in Example 1 were used. Inoculated
samples were plated weekly for two months. All products were
stored at ambient temperature.

As may be seen by the results listed in Table 5, Sample
Formula R-1 (pH 3.4) showed Lactobacilli spoiiage. However, no
spoilage'was observed in uninoculated control samples, indicating

'that this formula can be commercially produced-under Good
Hanufécturing.Practices (GMPs) and high sanitation standards.

Sample Formula R-2 (pH- 3.2) proved extremely stable against
Lﬁg&ghagilli and spoilage yeast. This formula’s microbiological
stability profile was cohparable to those of Sample Formulae TI-2
and TI-3 in Example 1. '



[err]- [err] of mcroorganismis designated by L for [err] and Y for yeast.
[err] by high yeast challenge | evel. <0.1 =Negative 10g Enrichnent Analysis
- 19 - Exanple 3 [err] In order to evaluate GDL's effectiveness in
extending the shelf-life of reduced-calorie, |lowfat pourable dressing
conpositions, the method of Exanple 2 was repeated using a ranch- type
dressing fornul ati on conprising one oung, of Hi dden Vall ey Ranch Ori gi nal
Ranch Sal ad Dressing M x, one cup of m K and one cup of reduced-calorie,

| ow-fat mayonnai se base as prepared in Exanple 1. Two product sanples were
prepared. Sanple Fornmula R-1 contained 0.0% vinegar and Sanple Fornmula R-2
contained 1.5471% vi negar. Both sanples contained 0.6%of GDL. -After
filling in half-pint jars, sanples were inoculated at high (10,000/g) and

|l ow (100/g) [err] and yeast |levels. The sane test organisns as in Exanple 1
were used. Inocul ated sanples were plated weekly for two nonths All
products were TABLE 5

INOCULA : SPECIA

FORMULA TYPE® __LEVEL 4 ¥KES _4 WES S HEKS 8 ¥ES 21MS. COMMEN"
R-1 L 3.9%10%  >105 >106 - - - Spoilec
(pH=3.4) L 3.3%x102 s.2x102 1x102 >105  >108 - Spoilec
Y 4.8x102 10l <0.1 <0.1 <0.1 <0.1 Stable

R-2 L z.o:uo; s.8x101 <101 <10l  <0.1 <0.1 Stable
L 2.2x102 <10 <10l ax190l <0.1 <0.1 Stable

(pH=3.22) Y 3.4x10% sx10l <10l <10 <0.1 <0.1 Stablé
: . b 4 3.1x10¢ <10 <g8.1 <0.1 <0.1 <0.1 Stable

aType of microorganism is designated by L for Lagtobacilli and Y for yeast
<0.1 = Negative 10g Enrichment Analysis ' |



stored at anmbient tenperature. As may be seen by the results listed in
Table 5, Sanple Fornula R-1 (pH 3.4) showed [err] spoilage. However, no
spoi | age was observed i n uninocul ated control sanples, indicating that this
formul a can be commercially produced under Good Manufacturing Practices
(GWPs) and high sanitation standards. Sanple Formula R 2 (pH 3.2) proved
extrenely stable against [err] and spoil age yeast. This fornmula's _

m crobi ol ogi cal stability profile was témparabl e to those of Sanpl e :

Formulae TI-2 and TI-3 in Exanple 1. - 20 - TABLE 5 [err] M CRORGANI S
PER GRAM | NOCULA SPECI AL
[err] [err] of microrganismis designikasphe & for Lactobacilli- and Y for
yeast <0.1 =Negative 10g Enrichnent. Anal ysis

Low-Fat Thousand Island-type Dressing

An additional concern of packaged food manufacturers is
product safety. In 6qur to evaluate GDL’s effectiveness in
controlling common food pathogens in reduced-calorie, low-fat,
spoonable dressing compositions, a Thousand Island-type dressing
formulation was prepared as in Example 2.

The sample formula contained 1.5471% vinegar and d.st of
GDL. After filling in half-pint jars, samples were inoculated
with Salmonella and also with Listeria monocvtogenes. The test
pathogens had been prepared using the following standard
protocol:

Thirteen Salmonella strains and five L. ngnggg;gggngs
strains were cultured in tryptic soy-yeast extract broth held at
35°C for 18 to 24 hours. The pathogens were then pooled in
physiological saline after centrifugation. Target samples were
inoculated with 10/g of both Salmonella and L. monocytogenes and

.held at 22-25°C for the seven-day study durﬁtion.

Pathogen lethality survival was monitored via periodic
direct plating on:nonselective agars (Aerobic Plate Count for
Salmonella (Sal.-APC) and Liver Veal-Yeast Extract Agar (LVA-YE)
for L. mgnggx:gggnﬁ;) and 10g or 100g enrichments were cultured

. in nonselective broths (Lacﬁose Broth or Liver-Veal Broth) for
18-24 hours, followed by direct plating of 0.1 ml on MacConkey’s
(Salmonella) or beaiacﬁan'(HDX) (Listeria) Agars, respective;y.



+ 21« Exanple 4 [err] An additional concern of packaged food manufacturers
" is product safety. In order to evaluate GDL's effectiveness in controlling
common food pat hogens in reduced-calorie, |owfat, spoonable dressing
conpositions, a Thousand |sland-type dressing formnul ati on was prepared as
in Exanpl e 2. The sanple farnula contained 1.5471% vi negar and 0.6% of GDL.
After filling in half-pint jars, sanpleggmere I nocul ated with [err] .and
also with [err] The test pathogens had Béen prepared using the follow ng
standard protocol: Thirteen salnonella strains and five L. [err] strains
o @ Ul aHBBchiiey VB! hAaSRIXVAjibls WY WaldUIV PShdiAg hEs{ing For' tne® 24
hours. The pat hogefs were then pool ed 1 n physiological Saline after

centrif ugatleedctishgehundswt bon Vot Salntidldacdnd Listafia néndsitvgunes]cr ' |
and held at [err] C for the seven-day study duration. Pathogen lethality
survival wrespectively.vi Dipect (plates waxe dincubagednatodSel tox i22=96gar s
(Aerobic Plate Count for Sal nonella (Sal.-APC) and Liver Veal -Yeast Extract
Agar (LVA- heprsoprier t9 eewnttR@or 100g enrichments were cultured in

nonsel ective br g, ¢ B! 835 B the reuuite Yideed Th'ablh ¢, thts
formulation was extremely lethal to both Salmonella and L.
monocytogenes. Salmonella were reduced by a factor of six
logarithms by the third day of the trial and L. monocvtogenes was
similarly reduced hy'the g£ifth day. Thus, it appears that the
reduction of pH to a value of about 3.3 or below, at relatively
low acetic acid content, evinces in a product of this'type a

significant bacteriocidal effect.

TABLE 6

Thousand Levél at 7.5x:|.o6 6.5x10¢
Islands “Inoculation
(1.5471% 3 DAYS <10l 3.9x103
Vinegar)
5 DAYS <0.1 <0.1l
7 DAYS - <0.01 ' <0.01

<0.1 = Negative 10g Enrichment Analysis

<0.01 = Negative 100g Enrichment Analysis (This means that no
viable microorganisms were detected in individual 100
gram product samples tested by conventional enrichment
broth recovery methods.) :



18- 24 hours, followed by direct plating of 0.1 m on MacConkey's [err] or
Moxal actam (MOX) [err] Agars, respectively. =~ - 22 - MacConkey' s and MOX
Agars are selective plating nediunms for the detection/enuneration of [err]
and [err] [err] respectively. Direct plates were incubated at 35 for
72-96 hours prior to counting. As may be seen by the results listed in
Table 6, this fornulation was extrenelyziethal to both [err] and [err]
[err] [err] were reduced by a factor o0f“Six logarithnms by the third day of -
the trial and [err] [err] was simlarly reduced by the fifth day. Thus, it
appears that the reduction of pHto a value of about 3.3 or below at
relatively |l ow acetic acid content, evinces in a product of this type a
significant bacteriocidal effect. TABgkampléOROBI AL SAFETY STUDY OF
SPOONABLE REDUCED—CALORIE LOW FAT THCUSAND ISLAND-TYPE DRESSING W TH GDL
FORMULA : : evel at

[err] Wlnoculatlon

In order to evaluate GDL’s effectiveness in controiling

common food pathogens in reduced-calorie,'lowbtat, bourable
dressing products, a ranch-type dressing formulation with a pH.of
3.4 was prepared, as in Example 3.

The experimental protocol set forth in Example 4 was
followed.

As may be seen by the resﬁlts iisted in Table 7, this
formulation was also extremely lethal to both Salmonella and L.
monocytogenes. s;inpngllg were reduced by a factor of six _
logarifhms by the third day of the trial and L. monocytogenes was
similarly reduced by the fifth day. Thus, it appears that the
reduction of pH to a value of about 3.3 or below also evinces in
a product of this type a significant bacteriocidal effect.
Refrigeration would presumably enhance the férnula's safety by

slowing the growth rate of such pathogens.



(+1.5471% 3 DAYS [err] [err] Vinegar) 5 DAYS
[err] [err] 7 DAYS [err] [err] <0.1 =
Negative 10g Enrichment Analysis <0.01 Negative 100g Enrichnent Anal ysis
(This neans that no viable mcroorgani snms were detected in individual 100
gram product sanples tested by conventional enrichnent broth recovery

nmet hods. ) - 23 - Exanple 5 [err] In grder to evaluate GDL's :

ef fectiveness in control l.ing common f dod*pat hogens in reduced-cal ori e,

| owfat, pourable dressing products, a ranch-type dressing formulation with
a pH of 3.4 was prepared, as in Exanple 3. The experinmental protocol set
forth in Exanple 4 was followed. As may be seen by the results listed in
Table 7, this fornulation was al so ext % ethal to both [err] and [err]
{err] [err] were reduced by a factor of six :

Ranch Level at 1x105 4.1x105
_ Inoculation
(pH=3.4) 3 DAYS - <10! <10l
.5 DAYS <0.1 <0.1
7 DAYS . <0.01  <0.01

<0.1 = Negative 10g Enrichment Analysis
<0.01 = Negative 100g Enrichment Analysis'

Example 6
OBJECTIVE:

Determine éroduct fornulation parameters involving glucono-
delta-lactone, acetic acid and potassium sorbate that will
provide a low calorie-dressing that is microbiologically sﬁahle
with regards to Lactobacillus and yeast.

DESCRIPTION OF DATA: _

Fourteen low calorie dressings samples were produced
according to a three variable Box-Behnken design to determine
what effects the levels of gludono—delta-lﬁctona, acetic acid and



l.ogar¢thnms by the third day of the trial and [err] was simlarly reduced
by the fifth day. Thus, it appears that the reduction of pHto a val ue of
about 3.3 or below also evinces in a product of this type a significant
bacteriocidal effect. Refrigeration would presumably enhance the formula's

safety by slowng the growh rate of such pathogens. - 24 - TABLE 7
[err] FORMULA STORAGE TIME - _ 5 _ ‘[err] Ranch

Level at ' [err] h %err] I nocul ati on (pH=3. 4) 3
DAYS [err] [err] 5 DAYS [err]

[err] 7 DAYS [err] [err] <0.1 = Negative 10g

Enri chment pdeigg &};Hﬂw | ¢tRelRPeréBioIoyEdil AtabilityCsgnthe 6
OBJECTI VE: Deternlne product fo?#urgtlon pgygzeters |nvoIV|ngyg?ucono-

del t a- | act eaepl €6 aith areghrdsd tooLassobactiblhe (and hydasti. | Table 8 shows
the experimental design used in producing the samples. The
amounits of acetic aciad and GDL set forth in the table refer to
percent by weight in the total dressing formula.

Analytical data on the percent acid, pH and.percaht salt
were collected on each product formulation. Samples from each
formulation were innoculated with either low (100 organisms per
gram) or high (10,000 organisms per gram) levels of Lactobacillus
or yeast. The innoculated samples were plated out every two
weeks for the first two months tﬁ determine if the organisms had '
died off, survived or.groﬁn in number. The innoculated sanplés
were tﬁen plated out at 3 months and 4 months.

STATISTICAL HETHODS'

Response surface analyses were performed to model the
percent acid, pH and percent salt of the formulations as
functions of the amounts of GDL, acetic acid and potassium
sorbate.preseﬁt. Contour plots were used to graphically
illustrate the findings obtained from the regression analyses.
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Response surface anal yses were perfornmed to nodel the percent acid, pH and
percent salt of the fornulations as functions of the ampunts of GDL, acetic
acid and potassium sorbate present. contour plots were used to graphically

illustrate the findings obtained fromthe regression analyses. - 26 -
TABLE 8 REG ONS OF LACTIC M CRO STABI LITY ACETIC ' PREDI CTED
ACI D [err] 0.00 27 0.65 - 3.26 0.00
0.70 . 3.13 0.00 0.75 - %7 72.99 0.00 0.80
2.86 0.02 0. 65 3.26 0.02 0.70 3.13 0.02
0.75 3.00 0.02 0. 80 TABLE 8 fcontid)s 0. 65
3.26 0.04 0.70 .. 3.13 0.04 _ 0.75 3.01
' REGIONS OF LACTIC MICRO-STABIITY
ACETIC _ PREDICTED
~ACID —SRL__ —EH
0.22 0.75 3.07
0.22 - 0.80 2.99
0.24 0.60 3.29
0.24 0.65 3.22
0.24 0.70 3.15
0.24 0.75 3.08
0.24 0.80 3.01
0.26 0.60 3.28
- 0.26 - 0.65 3.22
0.26 0.70 3.15
0.26 " 0.75 3.09
0.26 0.80 3.02
0.28 0.60 3.27
0.28 0.65 3.21
0.28 0.70 3.15
0.28 0.75 3.09
0.28 0.80 3.03
0.30 0.60 3.27
0.30 0.65 3.21
0.30 0.70 3.15
- 0.30 0.75 3.10
0.30 0.80 3.04
.. 0.32 0.60 3.26
0.32 0.65 3.21
0.32 0.70 3.16
0.32 0.75 3.11
0.32 0.80 3.06
0.34 0.55 3.29
0.34 0.60 3.25
0.34 0.65 3.20
0.34 0.70 3.16
0.34 0.75 3.11
0.34 0.80 3.07
0.36 0.55 3.28
0.36 0.60 3.24
0.36 - 0.65 3.20
- 0.36 0.70 3.16
0.36 0.75 3.12
0.36 0.80 3.08
0.38 0.50 3.30
0.38 0.55 3.26
0.38 0.60 3.23
- 0.38 0.65 - 3.20
0.38 0.70 3.16
0.38 0.75 3.13
0.38 0.80 3.09



0.04 ~ 0. 80 2.88 0.06 0. 65 3.25 0.06

0.70 3.13 0.06 0.75 - 3.01 0.06 0. 80

2.89 0.08 0. 65 3.25 0.08 0.70 3.14 0.08
0.75 3.02 0.08 0. 80 2.91 0.10 0. 65

3.25 0.10 0.70 3.14 0.10 0.75 3.03 0.10
0. 80 2.92 0.12 0. 65 3.24 0.12 0.70

3.14 0.12 0.-75 3.04 0.12 28 - 0. 80 2.93 0.14
0. 65 3.24 0.14 0.70 - 3.14 0.14 0.75

3.04 0.14 0. 80 2.94 0.16 0. 65 3.24 0.16
0.70

3'%§rga%§ons and gb&?fications:%énihg embodiments set forth
herein can be effected without departing from the spirit and

scope othis invention.



Q.16 « 0. 80 2.96 0.18 0. 65 ~3.230.18

0. 70 3.14 0.18 0.75 3.06 0.18 0 80— -
2.97 0.20 0. 65 3.23 0.20 0.70 . Thi 7
0.75 3.06 0.20 0. 80 2.98 0.22] ° s Steet s “OR‘_" ‘9“"-:
3.22 0.22 0. 70 3.15 - - 27 - TABLE 8l m _ OF
LACTI C M CRO STABI | TY ACETIC 2 - PREDI &:TE 1§ -
0. 22 0.75 3.07 0.22 ~ 0. 80 2,99 0.24

0. 60 3.29 0.24 0.65 3.22 0.24 0. 70

3.15

What is clained is: | RN O FN O |II|

1Q A mayonnaise or dressing composition having a
preservative systen conprising glucono-delta-lactone in a
concentration up to about 1% by weight and a pH of about 3.5 or
less. _ | _

2. The composition of claim 1 further comprising an
antimycotié agent. | _ _

3. The-conpoéition of claim 1 further comprising acetic
acid.

4. Ihg conpbsition of claim 2 further comprising acetic
acid._

5. A reduced-calorie low-fat mayonnaise. or spoonable or
pourable dressing composition having a preservative composition
comprising gluconp-delta-lactone in a concentration up to about
1% by weight and a pH of aﬁout 3.5 or less.

6. The composition of claim 5 further comprising an
antimycotic agent.

- 7. The composition of claim 5 further comprising acetic
acia. o |

8. The'composition of claim 6 further comprising acetic
acid. . |

.9. The composition of claim 1 uheréin the preservative
system consists essénfially of glucono~delta-1actoﬁe.

10. The conpositiqn of claim 1 wherein the preservative

system consists of glucono-delta-lactone.
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§129 %"3 Zponpositienaet ciain 2 wg_eggﬁg the antinfcoOtG:I.cO.' 34
agent is selected from the group consisting of sorbic aciq,
benzoic acid, sodium benzoate, potassiun benzoate, and/or
potassium sorbahe. |

12. The composition of claim 6 wherein the antimycotic
agent is selected from the group consisting of sorbic acigq,
benzoic acid, sodium benzoate, potassium benzoato,'and/or
potassium sorbate.

13. A process for producing'a mayonnaise or spoonable or

'pourable dressing composition which process comprises the

addition of glucbno-delta-lactone and, optionally, acetic acid in
sufficient quantity to lower the pH to 3.5 or less.
14. The process of claim 13 which consists essentially of

the addition of glucono-delta—lactone in the absence of other

acidulents.

15. The process of claim 13 wherein an antimycotic agent is
added and the antimycotic agént is selected from the group
consisting.pt sorbic acid, benzoic acid, sodium benzoate,
potassium benzoate, and/or potassium sorbate.

16. A ﬁroeess for producing compositions made with a
reduced-célorie low-fat mayonnaise or spoonable or pourable
d:essing which process comprises using a reduced-calorie low-fat
mayonnaise or spoonable or pourable dressing composition to which
has been added glucono-delta-lactone and, optionally, acetic acid
in sufficient quantity to lower the pH to 3.5 or less.



0.34 « 0. 65 3.29_Qr34_—ﬂm———9 O~ . 3.16 0.34
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Variations and nodifications of the enbodi nents set ferth here|n can be
effected Wi t hout departing fromthe spirit and scope othis invention.

17. The process of claim 16 which comprises the addition of
glucono~delta-lactone in the absence of other acidulents.

18. The process of claim 16 comprising the further addition
of an antimycotic agent wherein the antinycotic agent is selected
from the group consisting of sorbic acid, benzoic acid, sodium
benzoate, potassium benzoate, gnd/or potassium sorbate.

19. The process of clainm 17'conprislnq the further addition
of an antimycotic agent wherein the antimycotic agent is selected
from the group consisting of sorbic acid, benzoic';did, sodium

benzoate, pdtassiun benzoate, and/or potassium sorbate.



29 .« [err] [err] 1. A mayonnai se or dressing conposition having a
preservative system conprising an antim crobial anount of
‘glucono-delta-lactone in a concentration up to about 1 % by weight, said
mayonnai se or dressing conposition having a pH of about 3.5 or |ess. 2.

The conposition of claim1 further conprising an antimycotic agent. 3.

The conposition of claim 1l further conprising acetic acid. 4. The

conposi t | BSTRACT: P& THEDFEOR™E conpri sing acetic acid. 5. A
reduced-cal ori e Iowfg{)lg b SHRRRE ButisTiRecs? Bhem £5Si ng

conposi t i BALRLR AYVETIPRS Wmﬂ&g@ﬁ s¥aeMn crobi al anmount
of gl ucono-delta-Iactone i concentration up to about 1% by weight, said

mayonnai se or. dressing conposition having a pH of about 3.5 or |ess. 6.
The conposition of claim5 wherein the preservative system further
conprises an antinycotic agent. 7. The conposition of claim5 wherein the
preservative system further conprises acetic acid. 8. The conposition of
claim6 wherein the preservative system further conprises acetic acid.

Mayonnaise and dreséing products, including reduced-calorie
low-fat mayonnaise and reduced-calorie, low-fat, spoonable or
pourable dressing.conpositions, having as a preservative.system
glucono-delta-lactone and, optionally, acetic acid.in'sufticient
quantity to lower the pH to about 3.5 or less, preferably about
3;3 or less. The compositions have an'incréased resistance to
microbial spoilage and, therefore, extended shelf life compared
with currently marketed prpducts, yet do not have the sharp

acidic "bite" common to currently available products.



9. The corrp05| t ion ¢f claim1 wherein the preservative system consi sts
essenu al-ly of glucono-delta-Iactone. 30 Substitute sheet -

10/ 6/ 96 10. The conposition of claim 1l wherein th reserv, tive1 N/

consi sts of glucono-delta-lactone. 11.29The COWO&&%—M‘J S ein
the anti nyc%t_i_uggrlt_i,s__s_ei_enLed fromthe group consisting of sorbl c acid,
benzoi c aci sodi um benzoat e, potassi um benzoat e,——and/for-pot3

sor bat e. nmmmnuﬂmm f cl ai mgj;év_vﬁéei nt GREPMMEQTSHE% i s
sel ected fro ting of aci dji benzoi ' um
benzoate, potassium'befzoate, and/or potassi um so bggt@ 11 JU lﬂ c.ef

produci ng a mayonnai se or spoonabl e or pourable dres

process conpri$es temmydnhaise drodtessingg bemmmmnhlwlgp& jrbsemﬁoenal se or
conposi tion of glucono-delta-lactone and, op tlonaTIg¥li acetic acid in

sufficient quaBY$ten camprising afhanﬂm'f:fpbxahar&punm tawlaﬁ.tegs of
claim 13 which anédncbtaﬁt 234

gl ucono-del ta-Fa

of claim13 \Ah@fessmgteompbsmmawng@em deabtﬂI‘te@i.SaﬁdldsbB ant | rrycotlc agent
Is selected froOmihe group consisting of sSorbic acld, benzoic acid, sodium

benzoate, potassium
2. The composition of claim 1 further comprising an antimycotic

agent.

3. The composition of claim 1 further comprising acetic acid.
4, The composition of claim 2 further comprising acetic acid.

5. A reduced-calorie low-fat maxonnaiée or _spoonable or

pourable dressing composition having a preservative system

comprising an_antimicrobial amount of glucono-deita-lactone in a

concentration up to about 1% by weight, said mayonnaise or-.

dressing composition having a pH of about 3.5 or less.

. B. The composition of claim 5 wherein the preservative system

furthier comprises an antimycotic agent.

7. The composition of claim 5 wherein the preservative system

further comprises acetic acid.

8. The composition of claim 6 wherein the preservative system

—

1further comprises acetic acid.

9. The composition o_f claim 1 wherein the preservative system

consists essentially of glucono-delta-lactone.



benzoat e, and/ or pot assi um sorbate. 16. A process for produci ng
conposizti ons made with a reduced- calorie lowfat mayonnai se or spoonable

- or pourabl e dressing which process—€o ses add| n s(?_lte r gents
of said conposition a reduced- ¢ f at M@o
pour abl e dressi ng I l' I l u%l ch has been
del ta-1 actone and, ic acid in su fHEﬂLAGENtﬁDE'rSHEET tllo Iﬁvver
the pHto 3.5 or Iess The process of clai onpy.i seis t he
addi ti on of gl ucono- del ta | actone in the absence cﬁatmﬁg%‘@ @% fis. 18.
The process of 10l ai ThaGedmpRsitioh v &Bfn! 1WREfei ?HEWWEWE‘@% ycoti c
agent wherein the anti rryco?af: agent is sel ected fromthe group C([t)?m sting
of sorbic aci dcommam)otghmodp-daln-lantdrmzoate pot assi um benzoat e, and/or
pot assi um sorbate. 19. The process of claim 17 conprising the further
addition of an anti nycotlc agent wherein the antinycotic agent is selected
fromthe gfoupﬁons*rﬁ& ﬁb@n sifih Qi Ceiaimh ?bv\h?%m théGhimyttic Bydggoat €

pot assi um benzoat e, pot assi um so
selected from the group consisting of sorbic acid, benzoic acid,

sodium benzoate, potassium benzoate, and/or potassium sorbate.
12. The composition of claim 6 wherein the antimycotic agent is
selected from the group consisting of sorbic acid, benzoic acid,

sodium benzoate, potassium benzoate, and/or potassium sorbate.

13. A process for producing a mayonnaise or spoonable or

pourable dressing composition which process comprises the

addition to the other components of the mayonnaise or compaosition

of glucono-delta4ectone and, optionally, acetic acid in sufficient

quantity to lower the |:;H to 3.5 or less.

14. The process of claim 13 which consists essentially of the
addition of glucono-delta-lactone in the absence of other acidulents.

15. The process of claim 13 wherein an antimycotic agent is
added and the antimycotic agent is selected from the group
consisting of sorbic acid, benzoic acid, sodium benzoate, potassium

benzoate, and/or potassium sorbate.

16. _A process for producing compositions made with a reduced-

calorie low-fat mayonnaise or spoonable or pourable dressing which

process comprises adding to the other components of said

¢omposition a reduced-calorie low-fat mayonnaise or spoonable or

Rourable dressing composition to which has been added glucono-
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delta-lactone and, optionally, acetic acid in sufficient quantity to

lower the pH to 3.5 or less.

17. The process of claim 16 which comprises the addition of

glucono-delta-lactone in the absence of other acidulents.

18. The process of claim 16 comprising the further addition of an
antimycotic agent wherein the antimycotic agent is selected from
the group consisting of sorbic acid, benzoic acid, sodium benzoate,

potassium benzoate, and/or potassium sorbate.

19.. The process of claim 17 comprising the further addition of an
antimycotic agent wherein the antimycotic agent is selected from
the group consisting of sorbic acid, benzoic acid, sodium benzoate,

potassium benzoate, and/or potassium sorbate.
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