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.. · TITLE OF INVENI'ION 

MAYONNAISE AND DRESSING COMPOSITIONS 
HAVIHG A GLUCONO-DBLTA-LACTONB PRBSBRVATIVB SYSTBH 

Piald Of 1:ba Xnvant;iqn 

This invention relates to -yonnaise and spoonable or 

pourable dressing compositions, including reduced-calQrie low-fat 

mayonnaise and reduced-calorie, low-tat, spoonable or pourable. 

dressing compositions, having e~nded 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 invention 
. . 

relates to mayonnaise and dressing products wherein 

glucono-delta-lactone (sometimes referred to herein as 8 GDL8 ) · 

and, optionally,. acetic acid are employed tO lower the pH to less 

than about 3.5 to resist microbial growth. 

Tb• Prior Art; 

Shelf stable aayonnaise and salad dressings which are 

resistant to aost forms of food spoilage are C011110nly available. 

ror exmaple, it is known to food manufacturers to employ a 

technique known as synergistic preservation to control a wide 

range of bacteria, yeast, and fungi, and also to Jdniaize the. 

health hazard risks associated with the presence of certain 

pathogens, such a'Salwoylla, stapgloc;oc;gua •urn•, and Li1taria 

•onpcytoganaa. 
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Synerviatic preservation is baaed on the interactive, 

antimicrobial effecta of formulation components. These effecta 

are determined by the type and percent of acid(•) and aalt(a) 

used in the for11Ulation, as well as tbe for1111lation'a pH and 

water activity <.-.,>. Many p0urable particulated dres•iDCJS alao 

include antimycotic preservatives such as sorbic acid, aodiua 

banzoate,:potaaaiua banzoate, and/or potaaaiua aorbate to 

lengthen abelf-life. In addition, refrigeration has a known 

bacteriostatic effect against microorganisms whicb are sensitive 

to low tmaperatures. 

u.s. Patent Ho. 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 

tor conventional acid stabilizing ayatems (such as lOOt acetic or 

lactic acid) at standard or high total levels of acid. The 

edible acids are buffered to an increased pH using one or more 

edible salts to reduce tartness. Sugar is also said to be useful 

to enhance tartness reduction. 

According to u.s. Pa.tent Ho. 4,756,919 fumaric acid can be 

used alone or in combination with a food acidulent to preserve 

acid containinq food products, including salad dressings and 

mayonnaises, froa lactic a~id bacteria 11icrobiological spoilage 

in the absence of or at reduced levels of Chemical preservative. 

In food products whicb normally use acetic acid as an ingredient, 

the amount of acetic acid is reduced and fuaaric acid is 

substituted therefor in an·aaount sucb that the total aaount of 
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titratable acid is the •- aa it would be if only acetic acid 

bad been used. 

coapoaitions of the mayonnaise and salad dressing type are 

said to be preserved in the absence of chaical preservatives 

with a combination of acetic and phospboric acid according to 

u.s. Patent Ho. 4,145,451. Tbe relative amounts of acetic .and 

phosphoric acid employed are selected by first selecting that 

a110UDt of acetic acid which provides the desired acid or tart 

flavor, and selecting the amount of pboapboric acid based on the 

aaounts of aoisture, sugar and acetic acid present. 

In recent years, reduced calorie •light• mayonnaise and 

dressing products have been introduced into tbe marketplace and 

have gained in popularity. Proa a microbiological standpoint, 

these reduced-calorie formulations pose significantly higher 

spoilage risks than do traditional, full-calorie products. 

Although reduced-calorie dressings aay have siailar constituents 

as full-calorie 8llb0dl•nta, their caloric content is reduced by 

replacing with water all or part of the oil contained in a full­

calorie formalation. However, this replacement of oil with water 

also may alter the taste of the drasainCJS and, often, coaproaises 

bacteriological stal>ility. And even though tbe incorporation of 

antimycotic praservativa into reduced-calorie mayonnaise and 

spoonable and pourable dressing f ormalations reduces the risk of 

y-t and/or aold spoilage, it baa little or no effect against 

lactic acid bacteria and certain pathogens. 

Because the increased 110isture level in reduced-calorie 
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f ormulationa increases the potential for 11icroblolag1cal 

activity, the d-nda on the alcrobiological atabiliainv ayatea 

employed in such formulations are also increased. ·.However, 

elevating a formulation'• acid content to meet tbeae clellanda 

creates otber probl-, - such adjustaenta aipificantly affect 

the formulation's tartness and flavor. Thus, .Ven though low­

calorie formulations have been known for over thirty years c .. , 

LJL., u.s. Pat. Ro. 2,916,383 to Rasarevicb et al. and u.s. Pat. 

Ro. 2,916,384 to Bondi et al.) food manufacturers continua to 

seek ways to simaltanaoualy extend the abelf-life and improve the 

taste of such products. 

The use of GDL in edible products baa been known for soma 

time. Por exmaple·, u. s. Pat. Ho. 3, 211, 558 to Baur discloses 

using GDL to inhibit the deposition of bigb-melting solids 

("clouding•) in full-calorie salad oils. GDL has also bean used 

as a preservative in a formed pet food product (-, u.s. Pat. 

No.· 4,011,346 to Ernst), and to reduce tbe amount of thermal 

processing required for low-acid, beat-aenaitive fOodatuffs, 

especially certain vegetal>les, in order to preserve nutritional 

and organolaptic properties (_, u.s. Pat. No. 4,7.41,911 to 

Mcintyre). u.s. Pat. Ro. 4,931,297 to .llalyniak et al. discloses 

using GDL in required combination with adlpic and citric acids in 

order to preserve foodatuffswitbout iJIPU"ting a substantial 

acidic taste. 

GDL baa been used as a preservative for non-sterile, 

partially prepared fruit; pasta, vegetable, meat, poultry, or 
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fish foodstuffs for rafri9erated atora9e (_, PCT Pat~ Ho. wo 

91/02465 to Waiss at al.) and for preserving batter-derived food 

products containing raising agents, such as pancakes and waffles 

(aaa, British Pat. Ho. G.B. 2,03,,533 to Burton et al.). 

Interestingly, GDL also baa bem used to provide an optimal 

anvironaent for th• growth of Lac¢Abaqilli uaed in a fermantive 

procedure to preserve protein feed c-, PCT Pat. Ho. WO 88/04527 

to Aaltonen et al.). 

Manuf acturera have also atteapted to reduce the tartness of 

salad dressing products by eaploying various 11ixtures of edible 

acids to reduce pH yet provide an acceptable-tasting product to 

· tba conswaer (aaa, for example, U.S. Pat. Ho. 4,927,657, 

discussed above). However, the use of GDL to accomplish such 

objectives in reduced-calorie fonmlationa baa, until the present 

invention, bean unknown. 

It is an object of the present invention to provide 

mayonnaise and spoonable or pourable dressing C01ipositions, 

including ~educed-calorie low-fat mayonnaise or reduced-calorie, 

low-fat, spoonable or pourable dreaai119 eo11poaitiona, that have a 

longer shelf-life than siailar products which are currently 

available. 

It is another object of tile pras ... t invention to provide 

mayonnaise and spoonable or pourable dressing coapoaitiona, 

including reduced-calorie low-fat .. yolinal .. or reduced-calorie, 

low-fat, spoonable or pourable drea•iDCJ coapoaition11, that have 

desirable organoleptic propertiea and Jlini .. 1 objectionable 



r 

- 6 -

acidic bite. 

A f urtber object of th• present invention ia to provide a 

method for improviDCJ reaiatanca to microbial growth and thereby 
.• . 

extending the shelf-life of aucb ccmpoaitiona, Which method 

consist• of adding glucono-delta-lactone and, optionally, acetic 

acid in sufficient quantity to lower the pB to about 3.5 or leas • . 
Another object of the present invention ia to provide a 

method for improvint the resistance to llicrobial growth and 

thereby extending the ahelf-lif e of coapoaitions baaed upon 

mayonnaise or dressing coapositions, including reduced-calorie 

low-fat mayonnaise or reduced-calorie, low-fat, apoonabla or 

pourable dr•sing compositions, which method consists of adding 

to such C011po8itions a constituent mayonnaise or spoonable or 

pourable dressing composition having as a preservative system 

glucono-delta-lactone and, optionally, acetic acid in sufficient 

quantity to lower the pH of the composition to about 3.5 or less. 

SUl8IARY OP TB8 IWVBii?J:Oll 

The .. yonnaise and dressing compositions of the invention 

organoleptlc properties, and mini-1 objectionable acidic bite. 

In particular, glucono-delta-lactone and, optianally, acetic acid 

are in~orporat8cl into mayonnaise and apoonable or pourable 

dressing coapositiona, including reduced-calorie low-fat 

mayonnaise and reduced-calorie, low-fat, apoonabla or pourable 

dressing coapoaitions, in sufficient quantity to lower the pB to 

about 3.5 or·lasa, preferably about 3.3 or leas. In accordance 
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with the invention,.9lucono-delta-laatone can be used a~ a 

pres41rvative in the absence of other acidulanta, it can be used 

in cOllbination with antiaycotic agenta in tile absence of other 

acidulenta, or it can be used in combination with acetic acid, 

with or without anti•ycotic agents, in the abaanca of other 

acidulenta. The shelf stability of the uyonnaiae and dressing . 
coapositions is extended by tbe preservative systaa of the 

invention while maintaining desirable flavor profilea. 

DB'l'AILBD DBSCUPUOll OP '1'BB DIVWilOIJ 

Tbe invention relates to the use of GDL to reduce the risk 

of spoilage by L8gtgbagilli in mayonnaise and spoonable and 

pourable dressing cmapoaitions, y-sta and other 

microorganis-. 

Tba compositions of the invention comprise froa about o to 

about 60 percent by weigbt edible oil, froa about 10 to about 99 

percent by weight 110isture, froa about o to about 30 percent by 

weight sweetener, and tbe balance is food solids and a preserving 

systea containillCJ less than abo1lt lt by weigbt glucono-delta­

lactone, preferably in combination witb an antiJl)'cotic agent 

(Jla.Sl.a., sorbic acid, banzoic acid, sodiua benzoata, potassiua 

benzoate, and/or potassium sorbate) and, optionally, also in 

combination with acetic acid, to provide a broad-based, 

synergistic preservative. Tbe coapositiona of the invention bave 

a pH of leas than about 3.5, preferably about 3.3 or lase. 

Suitable edible oils for use in tbe invention are those 

conventionally used to make mayonnaise and dressing producta and 
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they include, but are noi: limited to, the tri9lycaride oils, or 

mixtures thereof, derived froa oil seed• aucb a• cottonseed, 

soybean, com, sesame or safflower. other oil• conventionally 

used 1-n fooa such as olive oil, canola (rapeseed) oil, peanut 

oil and other v99etable oils are suitable. 

Any natural and/or artificial sweeteners conventionally used 

in foods can be used in th• coapoaitiona of the invention. 

suitable sweeteners include, but are Doi: limited to, sucrose, 

fructose, dextrose, corn syrup solids, saccharin and aspartame. 

other in,redients which can be used to make the compositions 

of the invention include, but are noi: liaited to, tomato pulp, 

beef extract, microcrystalline cellulose, 11Ustard powder, orange 

peal, pectin, calciua, vegetable and/or fruit puree, ski• ailk, 

buttermilk, 8CJCJ yolk,_ dehydrated sour creaa, nonfat dry milk, 

food particulates such as bacon, cheese and minced vegetables, 

salt, pepper, gums sucb as xanthan and algin derivatives, 

emulsifiers, starch, dietary fiber, spices and flavorants and the 

like. 

Glucono-delta-lactone (Herek Index, ref. 4317 (10th Bd. 

(1983)) is the self-ester (lactone) of ·g1uconic acid (also 

variously known as glyconic or glycogenic acid). The Herek Index 

describes its taste as •sweet,• whereas gluconic acid is 

described as having a •mild acid taste•. GDL is hydrolyzed by 

water (LJL., a lt aqueous solution bas upon fonation a pH of 

3.6, wbicb changes to pH. 2.s·witbin 2 hours) and exists in 

solution, as sboWn in the following eqailibriua: 
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Glucono-delta•lacton• (CIDL) Gluoonlc Acid 

A second lactone, glucono-g--lactone (GGL), wherein t:be t:bird, 

9- carbon away froa the carboxyl group is esterif iad, also 

exists in such aqueous solutions. 

Whan in aqueous solutio~, a majority of gluconic acid is 

formed and the llinority remains aa a aixtura of glucono-dalta­

lactona and. glucono-g .... •lactone. 

GDL is described as a "ti• release• acidulant. In a low­

f at or no-fat product in wbicb fat/oil constituents have been 

replaced with water, the· taste of the product aay be aore 

•dvarsaly af facted by the presence of typical antibacterial 

acidulenta such as citric, aalic, or tartaric acids than by the 

presence of GDL. 

GDL bas beeii used to preserve low-acid, beat-sensitive 

canned foodstUffa (U.S. Pat. Ho. 4,741,911 to Mcintyre at al.) 

and to preserve fruits, pasta, vegetables, aeat, poultry, and 

fish ·(PCT Pat. Ho. WO 91/02465 to Waiu et al.). However, both 

of these publications teach tile creation of an equilibria pB for 

the product of lau than 4.6, preferably 4.3 to 4.6, which la not 

low enou91l to prevent th• growth of Lestphegilll. 

GDL al.0 baa bean used in ccmbination with adipic and citric 
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acids for preserving a ·.wide range of foods, includillCJ high-acid 

foods (U.S. Pat. Ho. 4,931,297 to Malyniak et al.)I to provide 

antibacterial protection for liver pate (Robert H. Haddan, 52 .z.. 
. 

rpqd. Prqtagtipn, 881 (Dec. 1989)); to extend the shelf life of 

salads (Fqqd. Ing., Sap. 1989); and to prevent tbe oxidation of 

oils containing unsaturated fats (U.S. Pat. Ho. 3,211,558 to 

Baur). 

Various otber references show still further us- of GDL: in 

bread compositions (JP 79-27885 to Toyo Jozo); as a food 

preservative in cOJllbination·with anhydrous aodiua acetate (JP 75-

21531 to Toyo Brewing); as a preservative in bean paste (JP 74-

34821 to OkWIO Saiyaku); as a feed preservative (a.a.., BP-A 

335896, 1989 to CUltor OY); in combination with an·antimycotic 

agent for pat food (U.S. Pat. Ho. 4,011,346 to Ernst); and for 

•seai-moist• products (British Pat. Ho. G.B. 2,036,533 to Burton 

et al.). 

Tbe preservative syst- of the pr•ent invention functions 

effectively at a·pH of about 3.5 or less, preferably about 3.3 or 

less. The systaa consists essentially of, and ia--farabl1 

consists of, glucono-dalta-lactona and, optionally, acetic acid 

and/or antillyc:otic agents. Tb• glucono-delta-lactona ls used in 

a concentration of up to about lt based on the total weight of 

the preserved -yonnaise or dressing cmaposition. 

AccordiftCJ to one embodiment of the ·present invention, there 

are provided -yonnaiaa·and spoonabla or pourable dr••ift9 

compositions, including reduced-calorie low-fat aayonnaisa and 
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reduced-calorie, low-fat, spoonable or pourable dresaillCJ 

compositions, comprising glucono-delta-lactone and, optionally, 

acetic acid in sufficient quantity to lower the pH to about 3.5 

or leas, preferably about 3.3 or leas. 

According to anoth~ ambodi-nt of the present invention, 

there is provided ~ method for improvillC) the resistance to 

microbial growth and thereby extending the shelf-life of such 

mayonnaise and dressing compositions, which method consists 

essentially of adding glucono-delta-lactone and, optionally, 

acetic acid in sufficient quantity to lower the pH to about 3.5 

or leas, preferably about 3.3 or leas, and, in a preferred 

embodiment, adding antimycotic 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 compositions based upon 

mayonnaise and spoonable or pourable dressing compositions, 

including reduced-calorie low-fat mayonnaise or reduced calorie, 

low-fat, spoonable or pourable dressing compositions, wbicb 

method consists essentially of adding to thos~ compositions a 

constituent mayonnaise and spoonable or pourable dressing 

compositions, including reduc~-calorie low-fat mayonnaise or 

reduced-calorie, low-fat, spoonable or pourable dressing 

compositions, having glucono-delta-lactone and, optionally, 

acetic acid in sufficient q1lantity to lower the constituent pH to 

about 3.5 or less, preferably about 3.3 or leas. 
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BDllPLBS 

In the f ollowi119 examples all percenta9es are by wei9ht 

unless otherwise specified, and all vinaqar is 120 qrain. 

Bnaple 1 

Shelf Stability of Badygad,-c;alqrie. J.mr::fat Mayonnaise 

In order to evaluate ~DL'a effectiveness in extending th• 

shelf life of reduced-calorie, low-fat •ayonnaiae, three samples · 

were prepared bavin9 the formulations set forth in Table 1. 
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~ABLB 1 

Starch Pas~ 
Jngrtdient1 11:1 ll::a 1::1 

Water 80.2971 80.2971 79.1366 
starch (Dress'n 400) 8.2121 8.2128 8.2128 
sucrose 3.7941 3.79•1 3.7941 
Water (added) 1.5468 1.5468 1.5468 
Vinegar (120 grain) -o- 2.7622 5.5244 
Potassium sorbata 0.1785 0.1785 0.1785 
Xanthan GUii 0~1785 0.1785 0.1785 
Mustard Flour 0.1785 0.1785 0.1785 
Lellon Juice (cone.) 0.0893 0.0893 0.0893 
Adjust Water 4.3639 1.6017 -o-
GDL 1.1605 1.1605 1.1605 

Pormulation
1 Xngred,ienta 

starch Pasta 56.0099 . 56.0099 56.0099 
Blended Salad Oil 32.4955 32.4955 32.4955 
Spicol 0.2342 0.2342 0.2342 
Egg Yolks (lOt salt) 4.924 4.924 4.924 
water 4.8077 4.8011 4.8077 
Salt

2 
1.5 1.5 1.5 

BDTA 0.0011 0.0011 0.0077 
Beta Carotene 0.021 0.021 0.021 

Sample Formula H-1 contained o.ot vinegar. Suaple Formula 

M-2 contained 0.1856t vinegar and Suaple Formula M-3 contained 

0.3712t vinegar. All three formu·lae contained 0.65' of GDL. 

-~------------------
1. All ingredient aaounta are expressed in parts by wei9bt. 

2. etbylenediaminetatraacetic acid 
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After filling in half-pint jars, the samples were inoculated 
. 

· at hiqh (10,000/g) and low (100/g) L§gtgbagilli and yeast 

challenge levels. The teat organisms used are listed in Tabla 2 

and are known to be dressings spoilage organis•. Inoculates 

samples were plated weekly for two mont:ba. All products were 

stored at allbient tmaperature. 

'1'.ABLB 2 

cp1,t,gGB _STIJDY TEST ORGANISMS 

Lagtobl.gillUll 

L. brevis (ATCC #8287) 
L. buchneri (ATCC #4005) 
L. fermentum (ATCC #14931) 
L. fructivorans (HRRL-4000, 4002) 
L. plantarum (ATCC #14917) 
L. bulgaricus (ATCC I .11842) 
L. casei (ATCC #393) 

Yeast CSaggbaromycesl 

S. bailii (ATCC #36947) 
s. acidiaciens (ATCC #36946) 
s. rosai (ATCC #10744) 
s. bailii - raw ingredient 

isolates 

As may be seen by the results listed in Tabla 3, all ·tbraa 
\ . 

sample formulationa·proved extraaely stable against L8atob8cilli. 

sample Formula M-1, without added vinegar, proved extremely 

stable against Loatoblgilli and spoilage even at high challenge 

levels. Sample For11ula M-2 with half the normal aaount of acetic 

acid added and sample Formula H-3, with the normal amount of 

acetic acid added also were extremely stable against both 

L&c;tob8cilli and spoilage yeast. 
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~AllLB 3 

llJCBWllAL SWILJ:U smox QI! 
RIDUCID=QLOBXI llAYONJfAJ:SI WJTB GM. 

llICROORGARISllS PBR GRAii 

IROCOLA 
mqp1LA %1D8 J.IVII,. a BS 4 BS ' BS 

K-1 L 1.9x10; <102 1.ax112 <101 
L 1.ox10

4 
1.ox192 <10 <101 

(pH•3.3) y 6.&x10
2 

<10 <101 <0.1 
y 3.0xlO <102 <101 <0.1 

K-2 L 2.9X10~ 1.&x193 <101 <0.1 
L 1.ox10

4 
<10 <101 <0.1 

(pH•3.22) y 6.1x10
2 

1.sx193 <101 <0.1 
y 3.0xlO <10 <101 <0.1 

K-3 L 2.sx10~ 6.lx193 <101 <0.1 
L 3.0x10

4 
. <10 <0.l <0.1 

(pH•3.15) y 4.1x10
2 

<102 <10 <0.1 
y 4 .. 0xlO <102 <101 <0.1 

a Type of aicroorgansia is desi9Jl&ted by L for Laatc>boailli 
and Y for yeast. 

8 19]($ 

<101 
<101 
<0.1 
<0.1 

<O.l 
<0.1 
<0.1 
<0.1 

<0.1 
<0.1 
<0.1 
<O.l 

<0.1 • Negative lOCJ EnriclUlent Analysis. (Tbis aeans that no viable 
aicroorganisas were detected in individual 10 car- product 
saaplaa tasted by conventional enriclmant broth recovery 
.••thoda.)· 
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Shelf Stability pf Spppnable Radugad=galprie. 
Lpw-fat: Th,ou1an4 J1land-typa Qreasing 

In order to evaluate GDL's effectiveness in extending the 

shelf·-lifa of reduced-calorie, low-fat spoonable dressing 

compositions, a Thousand Island-type drassiDCJ formulation was 

prepared using ~ reduced-calorie, low-fat mayonnaise 

fonmlations of Example 1. Each of. Example 1 formulations M-1, 

M-2 and 11-3 were combined with tomato ketchup and pickle relish 

in 8JI011Dts of 24.184t and 11.971t by weight, respectively, based 

on the total weight of each dressing foraulation. 'l'he thousand 

island formulation using mayonnaise formulation M-1 was 

designated TI-1, M-2 was designated TI-2 and M-3 was designated 

TI-3. 

Sample Formula TI-1 contained o.ot vinegar. (Constitutive 

vine9ar was present in the ketchup and relish used.) Sample 

Formula TI-2 contained 1.547t vine9ar and Saaple Formula TI-3 

contained 3.0942t vine9ar. All three samples contained 0.6t of 

GDL. 

After f illiDCJ in half-pint jars, samples ware inoculated at 

bigb (10,000/g) and low (100/CJ) J.act:obagilli and yeast challenge 

levels. The test or9anisms used.are listed in Tabla 2. 

Inoculated samples were plated weekly for two months. All 

prOducts ware stored at ailbient temperature. 



,., 

- 17 -

As may be seen by the results listed in Tabla ~, all three 

sample formulations proved extremely stable aqainst I.agt;qblgilli. 

Sample Formula TI-1, without added vineqar, had a pH of about 

3.3. This formula proved extremely stable aqainst I.ac;t;oblgilli 

even at hiqh challanqa levels. ·It also deaonstratad acceptable 

stability aqainst spoilaqe yeast due to potassium sorbate present 

in the reduced-calorie, low-fat mayonnaise base. 

Sample Formula TI-2, with half the normal amount of vineqar 

added, and Sample Formula TI-3, with the normal amount of vineqar 

added, each had a pH of about 3.1 to about 3.3. Both formulae 

were extremely stable aqainst both [4gt;gb&gilli and spoilaqe 

yeast. 
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TAHU 4 

111cag111u. snalLl:I S'!'UDY gz SPOOVi111L~ BBPm:Z~E&21J:1. 
LQW-ru DQJJSlJIJ) lSLAlm=TY21 M§!lnrt; "llB s;m. 

MICRCORGAHISHS PER G1WI 

IJICCOLA SPZCU'L 
lOBmJQ D2l4 Lmt, Llllta .LIU i...ll:a I 1!p 3 JIQS. a;eeu::s 
TI-1 L 4.7x10~ 6.9X10~ 1Xli3 4Xlil ix101 <0.1 Sta))le 

L 4X10. !5x10 <10 <10 <0.1 <0.1 Sta))leT 
(Ot y 6.1x104 &..ax102 &.1x102 6.4x102 2.1x105 Visil>l 
Vinegar) 

!5.3Xl02 1x101 <101 <101 <101 <101 
Spoil el! 

y Stal:>le 

TI-2 L 4 3.6x10~ 3Xl0~ 1x1ol <0.1 <0.1 Stable 1.1x10
2 L 9.2x10
4 

1x10 1X10
1 <O.I <0.1 <0.1 Stable 

(1.!St y 1Xl0 4X1~J. lxl~ <10 <0.1 <0.1 Stable 
Vinegar) y 3.7x102 <10 <10 <0.1 <O.l <0.1 Stable 

TI-3 L 4 1.7xlO~ 3x1y2 <101 <0.1 <0.1 Stable 2.!5x10
2 L 4.1x10
4 

3x10
1 

<10, <O.t <0.1 <0.1 Stable 
(3.09t y 2.9x10

2 5x1~ <10'"" <10 <0.1 <0.1 Stable 
Vinec;ar) y 2.1x10 <10 <101 <O.l <0.1 <0.1 Stable 

. &rype of Jlic:roorganiS11 is designated by L for tac;t;gbagiU i and Y :ror yeast. 

hovervhelaed by bi9b yeast challenge level. 

<0.1 • Jf419&tive 109 Bnri~t Analysis 
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BKmaple 3 

Shelf Stability gf pourablft Badug@d-galgria. 
Lgw-fat Rarich-t'!P9 Drasaing 

In order to evaluate GDL's effectiveness in extending the 

shelf-life of _reduced-calorie, low-fat pourable dressing 

C011lpositions, the -tbod of Bxaple 2 waa repeated using a ranch­

type dressing formulation comprising one ounce of Hidden Valley 

Ranch original Ranch Salad Dressing Hix, one cup-of llilk and one 

cup of reduced-calorie, low-fat mayonnaise base as prepared in 

Bxample 1. 

Two product saples were prepared. Sample Formula R-1 

contained o.ot vinegar and sample Formula R-2 contained l.547lt 

vinegar. Both samples contained 0.6t of GDL. 

After· filling in half-pint jars, samples were inoculated at 

high (10,000/g) and low (100/g) Lag1;gbagilli and yeast levels. 

The same test organisms as in Example 1 were used. Inoculated 

samples were plated weekly for two 110nths. All products were 

stored at ambient teaparature. 

As may be eeen by the results listed in Table 5, Sample 

Formula R-1 (pH 3.4) showed Lagtgbapilli spoilage. However, no 

spoilage was observed in uninoculated control saaples, indicating 

that this formula can be co ... rcially produced under Good 

Manufacturing PractiQes (GMPs) and higb sanitation standards. 

Sample Formula R•2 (pH-3.2) proved extremely stable against 

14gtgbagilli and spoilage yeast. Thia foraula'a microbiological 

stability profile was comparable to those of Saaple Formulae TI-2· 

and TI-3 in Bxapla 1. 
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'l'ABLa 5 

M:XQIQITll. S'l'AIIt.:rn mmx or SPQQljlJ,I B'P'r'D-ClfDPU. 
LCM-EM' DQV#WIQ ISLMQ=TYPI DBl''DG VD. gm. 

IHOCUI.A SPBCIA: mppgu DD4 LIDL 2 gs ' WU § IQ A...Da ' a. mqapr 

R-1 L 3.txio" >106 >106 Spoile< 

(pB•3.4) L 3.3x102 s.2x102 ix102 >105 >io' Spo~1e< 

y 4.&x102 101 <0.1 <0.1 <0.1 <0.1 stab1e 

R-2 L 2..0xlO~ s.ax1i1 <101 · <101 <0.1 <0.1 stab1e 
L 2.2x10

4 
<10 <101 3Xli1 <0.1 <0.1 stable 

(pH•3.22) y 3.4Xl0
2 5Xlil <101 <10 <0.1 <O.l sta?>le 

y 3.lxlO <10 <0.1 <0.1 <0.1 <0.1 stable 

8Type o~ :aicroorganisa is designated by L for Laqtohaeilli and Y ~or yeast 

<0.1 • Regative 109 Bnrichaent Analysis 
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MicrQbiplogigal Safety pf Spponab1• R•4uce4-calpria. 
Lpw-Fat Tbpusand :tsland-tJmt Praising 

An additional concam of packa9ed food aanufacturara is 

product safety. In order to evaluate GDL'• effectiveness in 

controllin9 c01llll0n food path09ana in reduced-calorie, low-fat, 

spoonabla dressin9 compositions, a Thousand Island-type dressing 

formulation was prepared as in Bxaaple 2. 

The sample formula contained l.547lt vinegar and 0.6t of 

GDL. After filling in half-pint jars, samples ware inoculated 

with Salmpnalla and also with W•t;eria wpnggyt:pqenM. The test 

path09ans had been prepared usinCJ the following standard 

protocol: 

Thirteen sai.onella strains and five L.a. wgnpcytoqenas 

strains were cultured in tryptic soy-yeast extract broth held at 

35•c for 18 to 24 hours. The pathogens ware than pooled in 

pbysiol09ical saline after centrifugation. Target samples ware 

inoculated with 106/9 of both Salwpnalla and L... wp~pcytggenas and 

held at 22-2s•c for the seven-day study duration. 

Pathogen lethality survival was monitored via periodic 

direct plating on nonsalactiva agars (Aerobic Plata count for 

Salmonella (Sal.-APC) and Liver veal-Yeast Extract Agar (LVA-YB) 

for L... •oDQCl'tOCJ•na•) and 109-or 1009 enricbllenta were cultured 

in nonsalectiva broths (Lactose Broth or Liver-Veal Broth) for 

18-24 hours, followed by direct plating of 0.1 Ill on HaCConkay's 

(Salmonella) or Moxalactml (MOX) (List@ria) Agars, respectively. 
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MacConkey's and MOX Agars are selective plating mediWIS for the 

detection/enumeration of Salwpnalla and Listeria mqnogytggenas, 

respectively. Direct plates were incubated at 35• for 72-96 

hours prior to counting. 

As may be seen by the results· listed in Tabla 6, this 

formulation was e~emely lethal to botb Salmqnalla and L.a. 
. 

aonpgyt:oganas. Salppnalla were reduced by a factor of six 

109aritbms by the third day of the trial and L.a.·pongc;yt;ggenas was 

similarly reduced by the fifth day. Tbus, it appears that tbe 

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. 

TABLB 6 

MICBQBIAI,·SAFITY STUDY OF SPOQNABLE REQUCED-CALQRIE. 
I.OW-FAT TffOUSAHD ISLAlfD-TypE DRESSING WITff GDL 

rgRNULA SfQRAGI f YME SALMQDI1IiAisl La HQHOCYTOGIHISlsl 

Thousand Level at 1.sx106 6.!5x106 
Islands Inoculation 

(l.!5471t 3 DAYS <101 3.9X103 
Vinegar) 

!5 DAYS <0.1 <0.1 

7 DAYS <0.01 <0.01 

<0.1 = Negative lOg Bnricbllent Analysis 

<0.01 • Negative 1009 Enrichment Analysis (This means that no 
viable microorganisms were detected in individual 100 
qram product samples tested by conventional enrichment 
broth recovery ilethods.) 
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Bxaapla 5 

Migrpbiplogigal Safety pf PQurabla BedugeO-galpria. 
Lpw-rat Banc;b-t¥DO Qraaaing 

In order to evaluate GDL'• effectiveness in controlling 

common food pathoCJans in reduced-calorie, low-fat, pourable 

dressing prod~cts, a ranch-type dressing formulation with a pH of 

3.4 was prepared, as in Exaapla 3. 

The experi-ntal protocol set f ortb in Example 4 was 

followed. 

As may be seen by the results listed in Tabla 7, this 

formulation was also extremely lethal to both Salapnalla and L... 

aonocyt.oganas. Sal:monalla were reduced by a factor of six 

logaritbas by the third day of the trial and L... aonpgytogenes 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 formula's safety by 

slowing the growth rate of such pathogens. 
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'l'ABLB 7 

MYCRQB];AL MFITY STIJPY or PQJJRABLI BIPUCIQ::CALQRJ:I. 
LOW-FAT.IWfCll-TYD DRISSJ:IG WJ'l'H GPL 

l:QRMUI.A. smDGI ~nm SM.KOHll,J;ifabl 

Ranch Leval at 1x105 
Inoculation 

(pB•3.4) 3 DAYS <101 

5 DAYS <0.1 

1 DAYS <0.01 

<0.1 • Negative lOg Enrichment Analysis 

<0.01 = Negative lOOg Enrichment Analysis 

'IMQlple 6 

OBJECTIVE: 

L1 JIQHot!YTOGllfBSlg 

4.1x105 

<101 

<0.1 

<0.01 

Determine product formulation parameters involving glucono­

delta-lactone, acetic acid and potassium sorbate that will 

provide a low calorie dressing that is •icrobiologically stable 

with regards to L&gtqbagillus and yeast. 

DESCRIP'l'IOll OP DATA: 

Fourteen low calorie dressings smaples were produced 

according to a three variable Box-Behnken design to determine 

what effects the levels of glucono-delta-lactona, acetic acid and 
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potaaaiua sorbate bad on the aicrobiological stability of the 

samples with raga~s to Lagtgbagillua and yeast. Tabla a sbon 

the experi-ntal design used in producing the samples. The 

amounts of acetic acid and GDL sat f ortb in the table refer to 

percent by weight in the total dressing fonmla. 

Analytical data on the percent acid, pH and percent salt 

ware collected on each product foraulation. Sa.plea froa eacb 

formulation were innoculatad with either low (100 organis- per 

graa) or bigb (10,000 organis- per graa) levels of Lagtgbagillus 

or yeast. Tba innoculated samples were plated out every two 

weeks for the first two months to determine if the organi- had 

died off, survived or grown in number. Tb• innoculated samples 

were then plated out at 3 :montbs and 4 months. 

STATISTICAL MBTBODS: 

Response _surf ace analyses were performed to aodel the 

percent acid, pH and percent salt of the formulations as 

functions of the amounts of GDL, acetic acid and potassima 

sorbate present. contour plots were used to graphically 

illustrate the findings"obtained fro• the regression analyses. 
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'l!ABLB 8 

REGIONS OP LACTIC MICRo-STABILITY 

ACETIC 
ACID 
o.oo 
o.oo 
o.oo 
o.oo 
0.02 
0.02 
0.02 
0.02 
0.04 
0.04 
0.04 
0.04 
0.06 
0.06 
0.06 
0.06 
0.08 
0.08 
0.08 
0.08 
0.10 
0.10 
0.10 
0.10 
0.12 
0.12 
0.12 
0.12 
0.14 
0.14 
0.14 
0.14 
0.16 
0.16 
0.16 
0.16 
0.18 
0.18 
0.18 
0.18 
0.20. 
0.20 
0.20 
0.20 
0.22 
0.22 

GQL 
0.65 
0.70 
o .• 75 
0.80 
0.65 
0.10 
0.75 
0.80 
0.65 
0.70 
0.75 
0.80 
0.65 
0.70 
0.75 
0.80 
0.65 
0.70 
0.75 
0.80 
0.65 
0.70 
0.75 
0.80 
0.65 
0.70 
0.75 
0.80 
0.65 
0.70 
0.75 
o.80 
0.65 
0.70 
o.75 
0.80 
0.65 
0.70 
o.75 
0.80 
0.65 
0.70 
0.75 
0.80 
0.65 
0.-70 

PREDICTED 
PB 

3.26 
3.13 
2.99 
2.86 
3.26 
3.13 
3.00 
2.87 
3.26 
3.13 
3.01 
2.88 
3.25 
3.13 
3.01 
2.89 
3.25 
3.14 
3.02 
2.91 
3.25 
3.14 
3.03 
2.92 
3.24 
3.14 
3.04 
2.93 
3 •. 24 
3.14 
3.04 
2.94 
3.24 
3.14 
3.05 
2.96 
3.23 
3.14 
3.06 
2.97 
3.23 
3.15 
3.06 
2.98 
3.22 
3.15 
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TABI.B 8 (cont'd) 

RBGIOHS OF LACTIC MICRO-STABII'l'Y 

ACETIC 
ACIQ 
0.22. 
0.22 
0.24 
0.24 
o .• 24 
0~24 
0.24 
0.26 
0.26 
0.26 
0.26 
0.26 
0.21 
0.21 
0.28 
0.21 
0.21 
0.30 
0.30 
0.30 
0.30 
0.30 
0.32 
o.32 
0.32 
0.32 
0.32 
0.34 
0.34 
0.34 
0.34 
0.34 
0•34 
0.36 
0.36 
0.36 
0.36 
0.36 
0.36 
0.38 
0.38 
0.38 
0.38 
0.38 
0.38 
0.38 

GQL 
0.75 
o.ao 
0.60 
0.65 
0.10 
0.75 
o.ao 
0.60 
0.65 
0.10 

. 0.75 
0.80 
0.60 
0.65 
0.70 
0.75 
0.80 
0.60 
0.65 
0.70 
0.75 
0.80 
0.60 
0.65 
0.70 
0.75 
o.ao 
0.55 
0.60 
0.65 
0.10 
0.75 
o.ao 
0.55 
0.60 
0.65 
0.10 
0.75 
o.ao 
0.50 
0.55 
0.60 
0.65 
0.10 
0.75 
o.ao 

PREDICTED 
PH 

3.07 
2.99 
3.29 
3.22 
3.15 
3.08 
3.01 
3.28 
3.22 
3.15 
3.09 
3.02 
3.27 
3.21 
3.15 
3.09 
3.03 
3.27 
3.21 
3.15 
3.10 
3.04 
3.26 
3.21 
3.16 
3.11 
3.06 
3.29 
3.25 
3.20 
3.16 
3.11 
3.07 
3.28 
3.24 
3.20 
3.16 
3.12 
3.08 
3.30 
3.26 
3.23 
3.20 
3.16 
3.13 
3.09 
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Variations and aodif ications of tb• embodiments set forth 

herein can be effected without departing from the spirit and 

scope othis invention. 
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t,l1ilJJiili1il1r 

'• .. : ........ . . 

What is claillad is: 111111111111111111111111111111 
* C L M S * 

1. A mayonnaise or dressing composition having a 

preservative systea comprising glucono-delta-lactone in a 

concentration up to about lt by weight and ·a pH of about 3.5 or 

less. 

2. 'l'ha composition-of claim 1 further comprising an 

antimycotic agent. 

3. The-composition of claim 1 further comprising acetic 

acid. 

4. 'l'he composition 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 glucono-delta-lactone in a concentration up to about 

lt by weight and a pH of about 3.5 or le~•· 

6. 'l'he composition of claim 5 further comprising an 

antimycotic agent. 

7. 'l'he composition of claim S further comprising acetic 

acid. 

a. 'l'he composition of claim 6 further comprising acetic 

acid •. 

9. Tbe composition of claha 1 wherein the preservative 

system consists essentially of glucono-delta-lactone. 

10. Tbe compoaition Of claim 1 Wherein the preservative 

system consists of glucono-delta-lactone. 
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11. Th• composition of clai• 2 Wherein the antimycotic 

agent is selected from the group consisting of sorbic acid, 

banzoic acid, sodium banzoate, potassium benzoate, and/or 

potassium sorbate. 

12. Tba composition of claill 6 Wherein the antimycotic 

agent is selected from the group consisting of sorbic acid, 

banzoic acid, sodium banzoate, potassiua banzoate, and/or 

potassium sorbate. 

13. A process for producing a mayonnaise or spoonable or 

pourable dressing composition which process comprises the 

addition of glucono-delta-lactona 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 agent is selected from the group 

consisting ~f sorbic acid, benzoic acid, sodium benzoate, 

potassium benzoate, and/or potassium sorbate. 

16. A process for producing compositions -d• with a 

reduced-calorie lov-f at mayonnaise or spoonable or pourable 

dressing which process comprises using a reduced-calorie low-fat 

mayonnaise or spoonable or pourable dressing composition to which 

has been added-9lucono-delta-lactone and, optionally, acetic acid 

in sufficient quantity to lower the pB to 3.5 or less. 
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17. Tbe process of claia 16 which comprises the addition of 

qlucono-delta-lactone in the absence of other acidulenta. 

18. Tba process of clai• 16 coaprisinq the further addition 

of an antiaycotic aqent wherein the antiaycotic aqent is selected 

from the group consistinq of sorbic acid, benzoic acid, sodium 

banzoate, potassium benzoata, and/or potassium sorbate. 

19. Tbe process of clai• 17 coaprisift9 the further addition 

of an antiaycotic aqent wherein the antimycotic aqent is selected 

fro• the qroup consistinq of sorbic acid, benzoic acid, sodium 

banzoate, potassi1111 benzoate, and/or potassiua sorbate. 


