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INTRODUCTION

The dairy product commonly known as buttermilk has changed consider-

ably during the last century. Originally buttermilk was that portion of

the cream left after most of the fat was removed during the buttermaking

process. Today most, if not all, buttermilk available for consumption

is made with the aid of selected bacteria known as lactic starter cul-

tures. A primary reason for this change was the problem of producing

a high quality and uniform product from cream of varying quality.

The consumer has shown an increased interest in cultured dairy

products. Cottage cheese, cultured sour cream, and cultured sour cream

products such as chip dips have shown an increase in consumer consumption,

With more public awareness of cultured products, their food values, and

their various uses in food preparation, the manufacturer must maintain

or improve the quality of his products.

A description by Nelson and Trout (50) of the lactic culture flavor

is that "cultures should have a pleasing, bouquet flavor resulting from

the blend of a clean, delicate, somewhat aromatic odor and a pronounced

though clean acid taste." With the methods used today in the manu-

facturing of cultured buttermilk, this description could apply to

desirable buttermilk.

There has been much investigation on lactic starter cultures used

in cultured buttermilk. There also has been some study on the direct

acidification process with added synthetic flavor compounds. Little

work has been published on direct acidification plus the use of lactic

starter cultures in developing a desirable buttermilk. Lactic starter



cultures are often difficult to maintain in proper balance through

repeated culture transfers, and problems of contamination and bacterio-

phage are always present* The primary disadvantage of the direct

acidification process is poor body and texture of the finished butter-

milk.

The objectives of the research reported in this manuscript were

to determine quality standards for buttermilk and to determine if

buttermilk could be improved or be more consistent in quality by

using a combination of cultures and direct acidification. Gas chro-

matographic analysis was used to determine certain volatile chemical

components and their concentrations in buttermilk samples and organo-

leptic evaluation was used as an indication of how these components

affected flavor and aroma. This study was accomplished by evaluating

and comparing commercial cultured buttermilk, cultured buttermilk

produced for control samples, and buttermilk produced using direct

acidification and lactic starter cultures. The time required to

coagulate the buttermilk using the combined culture and direct acidi-

fication process as compared to the control cultured buttermilk also

was considered.

REVIEW OF LITERATURE

Certain chemical components that affect flavor and aroma are

necessary to produce a quality buttermilk. There is a definite relation-

ship between the lactic starter cultures used and production of the

chemical components.
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Starter Organisms Used in
the Production of Cultured Buttermilk

Lactic cultures or starters are used to produce a number of dif-

ferent cultured products. The organisms vary depending upon which

product is desired. Harmon (27) listed four general functions of a

lactic starter culturei (a) forms acid to induce coagulation, (b)

facilitates expulsion of whey in cheese making, (c) produces organic

compounds that are associated with desirable flavor, and (d) inhibits

undesirable contaminating organisms. To produce a culture that meets

the above functions which in tum will yield a cultured buttermilk of

desired acid, flavor, and aroma, a single strain or a group of dif-

ferent lactic organisms may be used. Lindsay (37) classified lactic

starter culture bacteria into three general groups. One produces

lactic acid from lactose, the second is an associative type which

ferments citric acid producing desirable flavor and aroma components

and the third type is referred to as dual purpose as it ferments both

lactose and citrates.

In the production of cultured buttermilk, the organisms used are

Streptococcus lactls . Streptococcus cremoris . Streptococcus diacetllactis .

Leuconostoc cltrovorum. and Leuconostoc dextranicum . The type of bacteria

used to ferment lactose and produce lactic acid are the streptococci which

consist of S. lactls and S. cremoris . The bacteria that ferment the

citrate salts in milk to the desired flavor and aroma components are

L. dextranicum and L. cltrovorum . S. diacetllactis ferments lactose

and citrates to lactic acid and volatile chemical components.



Harmon (27) stated that a desirable lactic culture consists of

90# streptococci strains and 10$ leuconostoc strains to produce the

desired acid, flavor, and aroma. The blending of the different

types of bacteria and the proportion in which they are blended varies

as is evident by the large number of stock cultures available on the

commercial market.

Lactic starter cultures may consist of single species of organisms

or mixed strains of two or more species. One or more strains of j>.

lactis or S. cremorls is used in manufacturing hard cheese such as

Cheddar and Monterey since lactic acid is the primary component de-

sired. The general purpose culture used in cultured buttermilk is

made up of the streptococci and leuconostoc organisms mentioned above

in any combination of the numerous strains of these organisms. S.

diacetilactls may be added with the above cultures or used alone to

give an additional flavor to the cultured buttermilk. Elliker (21)

stated that S. diacetilactls also produced a large amount of carbon

dioxide as well as other desirable components.

The activity of cultures was reported by Elliker (21) with regard

to how rapidly acid was produced in the cultured buttermilk. He ob-

served the activity of single and mixed strain lactic starter cultures

and found that some lactic streptococci produce acid at a rapid rate

while others produced acid very slowly. He discussed the various factors

that affect the activity of the lactic cultures such as enzymes, amino

acids, antibiotics, bacteriophage, and the genetic makeup of the dif-

ferent strains of lactic streptococci. Vincent (55) reported on



different methods used to stimulate starter activity by the use of

proteolysate.

Collins (15) observed that different strains of S. lactis and

different strains of S. cremoris differed mainly in the rate of acid

production, in the amount of nisin produced, and in bacteriophage

sensitivity. He reported a need for a fast acid producing strain

that is low in nisin and highly resistant to bacteriophage.

Chemical Components of Cultured Buttermilk

Lactic cultures containing the desired blend of bacterial species

produce a desirable flavor through the fermentation process. Babel (4)

stated that the principal chemical components found in cultured butter-

milk were diacetyl, volatile acids, carbon dioxide, and lactic acid.

Other workers (14, 28, 39, 48, 53) listed other compounds including

ethyl alcohol, acetaldehyde, acetone, methyl sulfide, and acetyl-

methylcarbinol in addition to the volatile acids consisting of acetic

acid, propionic acid, formic acid, and butyric acid. Harper (28)

reported that some chemical components may be present in such small

amounts that they may be undetected by most analytical methods. There

have been a number of theories reported (11, 20, 45) for the breakdown

of milk constituents in the fermentation process to produce the desired

flavor of cultured buttermilk.

Reports by several workers (25, 37) indicated that there was little

agreement on the breakdown or metabolism of citric acid to 2,3-butylene

glycol. The most recent theory reported by Lindsay (37) is summarized



in Fig. 1. In this metabolic pathway, enzymes are important in the

different reactions in the metabolism of citric acid.

Citric acid —-—— Oxaloacetic acid + Acetic acid

Oxaloacetic acid ————» Pyruvic acid + C02

2 Pyruvic acid + 2 TPP — 2 Acetaldehyde • TPP + 2C0
2

Acetaldehyde • TPP ——— » Acetaldehyde - TPP

Acetaldehyde • TPP + Acetaldehyde » Acetoin + TPP

Acetaldehyde • TPP + Pyruvic acid ———»«<-Acetolactic acid + TPP

Diacetyl + CX»
2

oC -Acetolactic acid 2,3-butanediol

Acetoin + C0
2

TPP = Thiamine pyrophosphate

Fig. 1. Metabolic pathway of citric
acid by S. diacetilactis (Lindsay)

Lactic acid . Lactic acid is produced in the fermentation of lactose

primarily by S. lactis and S. cremoris . The amount produced is measured

as developed acidity in determining titratable acidity. Lactic acid is

stable and usually does not decrease once it is produced. Although

lactic acid affects the flavor of cultured buttermilk, it does not

contribute to aroma. The rate of production varies depending upon

the species of the organism in the culture as reported by Hammer and

Babel (25).



Volatile acids . In the 1920' s, Hammer et al. (16, 24, 26) reported

on total volatile acids produced by starter organisms. The method used

was steam distillation and the total volatile acids were measured by

titration with NaOH. It was found that an increase in total volatile

acids accompanied the increase in total acidity and that this increase

in total volatile acids was greatest in the later stages of the ripen-

ing period. The amount of total volatile acids also varied depending

upon the lactic culture used. Acetic acid and propionic acid were

found to be the two main acids in total volatile acids with acetic

acid being in the greater amount. Acetic acid influences flavor and

aroma by having a distinct acid characteristic. Acetic acid was pro-

duced by associate organisms and propionic acid was produced by S.

lactls and S. cremorls organisms. Later reports by Chou (14) indicated

that valeric acid was also present in buttermilk.

Hempenius and Liska (29) reported that the amount of acetic acid

recovered by steam distillation and gas chromatographic analysis in-

creased as the fat content increased. His conclusion was based on a

study in which a known amount of acetic acid was added to milk with

different fat contents.

Acetaldehyde . A number of workers (10, 32, 33, 38, 40) reported

that acetaldehyde was produced in cultured buttermilk by the action of

bacteria, especially S. lactls, S. cremoris. and S. diacetilactis . A

green flavor was noted in the lactic starter culture and in the cul-

tured buttermilk and was associated with the type of the organism and

age of the products. Keenan and co-workers (33) made a study of the

production of acetaldehyde by single-strain lactic streptococci and
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found that all cultures produced a green flavor. They found that the

production of acetaldehyde and the corresponding increase in microbial

population showed a relationship with the above three organisms.

Keenan et al. (33) and Bassette et al. (5) concluded that during the

period of incubation, a reduction of acetaldehyde to ethanol could

be expected with S. lactis and S. cremorls cultures but there was no

change in the acetaldehyde concentration with S. dlacetilactis .

Bills and Day (10) also observed that organisms that produced

lower amounts of ethanol retained higher amounts of acetaldehyde. An

increase in ethanol was reported when acetaldehyde was added to cul-

tures. This process of the breakdown of acetaldehyde to ethanol by

organisms used in the production of buttermilk and other cultured

products is very important in desirable flavor development.

Lindsay et al. (40) discussed the diacetyl-acetaldehyde ratio

where a ratio lower than 3.2tl produced a green flavor and a ratio of

5.5il produced a harsh flavor. They considered a 4tl ratio ideal

although Keenan et al. (31) found that it was not necessary to have

an exact 4il ratio to have a good flavor. From these studies, the

conclusion was that a small concentration of acetaldehyde is necessary

in the culture to arrive at a full flavored product. It is generally

felt that there is no way commercially to remove acetaldehyde from a

green flavored culture to improve the flavor although with the use of

L. citrovorum t a reduction was noted due to the metabolic change of

acetaldehyde to ethanol.



Methyl sulfide . Day et al. (18) reported that dimethyl sulfide

could improve the flavor of butter by reducing the harsh diacetyl

flavor. The work by Day et al. (18) and Reddy et al. (52) indicated

that methyl sulfide affects the flavor of dairy products and that it

was associated with feed flavor in the milk supply. However, it was

reported by Toan et al. (54) that methyl sulfide also was produced by

Aerobacter aeroqenes .

Acetone . Acetone is a chemical compound produced by the change

of acetic acid and butyric acid by special types of bacteria. In its

pure state, acetone is a colorless liquid with a pleasant odor.

Leviton and Marth (35) proposed a general pathway for conversion of

acetic acid to acetoacetic acid to acetone with the aid of certain

enzymes.

Ethanol . Bills and Day (10) indicated that there was a difference

in ethanol production between strains within a species of lactic

streptococci but that each strain was consistent in its production

of ethanol as well as acetaldehyde. Leuconostocs also were able to

produce ethanol by reducing acetaldehyde. Ethanol, in its normal

concentration produced by lactic organisms, had very little effect

on the flavor of buttermilk due to a very high flavor threshold value.

However, the esterification of ethanol and short chain fatty acids

yielded a flavor that is detectable in low concentrations.

A comparison of concentrations of acetaldehyde and ethanol in

lactic cultures made by Bills and Day (10) showed that the concentration

of ethanol generally increased as acetaldehyde decreased over a long
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incubation period. As the incubation temperature increased, both

components increased in concentration except when S. cremoris was used.

In cheese studies, Bills and co-workers (11) found a relationship

between the level of ethanol and fruity cheese. They considered that

excessive ethanol might have a direct effect on the esterification of

free fatty acids and result in the change of the level of ethyl esters.

Dlacetyl . Diacetyl, which also may be referred to as biacetyl,

is volatile and has a definite yellowish color. Numerous studies have

been made and the conclusion is that diacetyl is one of the most im-

portant flavor components in cultured buttermilk. Babel (4) found a

definite relationship between flavor and the concentration of diacetyl.

He observed that the amount of diacetyl in buttermilk varied between

1.75 and 2.5 ppm with an average of 2 ppm. If the diacetyl was much

over 2.5 ppm, a harsh flavor developed. A relationship existed be-

tween the amount of diacetyl and the acidity of the cultured butter-

milk; as the titratable acidity increased, the diacetyl concentration

increased.

Bennett et al. (9) reported on the flavor threshold value of

diacetyl in skimmilk at various pH's. He indicated that an average

diacetyl threshold In skimmilk with a pH 6.8 was 0.01 ppm and in

skimmilk with a pH 5.0, the threshold value was 0.20 ppm.

Acetoin. Acetylmethylcarbinol or acetoin is a product derived

from the metabolism of citric acid by lactic organisms in cultured

products. The associated bacteria or the citrate fermenters are

primarily responsible for the production of acetoin. Hammer and
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Babel (25) and Lindsay (37) reported that acetoin in its pure form

is odorless and flavorless and that it is important only in its direct

relationship to the diacetyl concentration of cultured products.

Acetoin is a liquid but it polymerizes to a solid especially at low

temperature. The general view is that acetoin is produced by re-

ducing the diacetyl enzymatically and that -acetolactic acid is the

precursor of both diacetyl and acetoin.

Both diacetyl and acetoin are considered to be unstable components

in lactic cultures, reducing to 2,3-butylene glycol (2,3-butanediol).

2,3-butylene glycol is of no importance in the flavor or aroma of

buttermilk because it is odorless and flavorless.

Carbon dioxide . Carbon dioxide is produced by fermentation of

citric acid and is important in developing an ideal buttermilk flavor.

Reports by Babel (4) stated that the agitation or working of cultured

buttermilk caused the release of carbon dioxide and possibly a flat

flavor defect. Many processing techniques used today include the

addition of citric acid or sodium citrate to the milk to increase

the production of carbon dioxide. Carbon dioxide is not desired

except in a very small amount in cottage cheese making as it will

cause floating curd.

Titratable Acidity and pH of Cultured Products

In cultured products, titratable acidity and pH are used as

measures of the lactic acid produced. It is known that a change in

serum solids will change the titratable acidity and pH; as serum solids
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increase, there is an increase in titratable acidity. Wilkowske (56)

reported that a relationship existed between titratable acidity, pH,

and the serum solids content of cultured buttermilk during the fer-

mentation process. He developed a good quality cultured buttermilk

with 11* serum solids, a titratable acidity of 0.90 to 0.95# and a pH

of 4.5 to 4.4.

Manufacturing Methods Used in Production of
Commercial Cultured Buttermilk

A study of cultured buttermilk practices in Ohio reported by

Kristoffersen and Gould (34) indicated that a wide variety of manu-

facturing practices existed. They found the program of purchasing

lactic cultures and the preparation of cultures and bulk starters also

varied among manufacturers. They stated that this wide variation in

manufacturing practices could be the reason for the inconsistencies

in quality of cultured buttermilk and that one procedure seemed no

better than another.

Other reports (l, 12) also indicated that a problem existed in

the manufacturing of a consistently high quality cultured buttermilk.

There have been no great changes noted in commercial processing tech-

niques in the past thirty years even though there is greater knowledge

of cultures and culture handling. A study by Bingham et al. (12) intro«

duced a new processing technique by altering the heat treatment of the

milk. The selection of the lactic culture was very important in this

process since some cultures used in the vat method of processing would
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not produce the desired body and flavor due to the altered heat treat-

ment of the milk.

Since there are various methods used in producing cultured butter-

milk, no one procedure can be called standard. In general, fresh milk

containing 1 to "3% fat and 9 to 1056 solid-not-fat is used. The milk

is pasteurized at 82 C to 88 C for 30 to 45 min by the vat method or

88 C to 90 C by high-temperature-short-time. The milk is then cooled

to 21 C and a 1 to 1.5% inoculation of a good buttermilk starter

culture is made and followed by agitation for 10 to 15 min. The butter-

milk is Incubated at 21 C for 14 to 16 hours until approximately an

0.8056 titratable acidity is reached and then it is cooled to 7 C or

below as it is agitated.

Factors Affecting Cultured Buttermilk Flavor

Elliker (21) has suggested several ways to enhance the flavor of

buttermilk by the use of selected organisms. S. dlacetilactis has

been used in lactic starter cultures but due to the large amount of

002 it produces, the trend has been away from this organism. L.

cltrovorum has been used extensively in recent years as an addition

to commercial lactic cultures. Elliker also reported a method using

the direct acidification process with L. cltrovorum . Lindsay et al.

(41) also reported methods of improving the flavor of lactic cultures

by the use of different strains of S. dlacetilactis and L. cltrovorum

but a lack of uniformity in the desired flavor existed.

Other factors affecting flavor include acidity caused by too

high incubation temperature and/or too long incubation time. A flat
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flavor or lack of acid development Is caused by low solids milk, too

low incubation temperature, insufficient starter culture, or too

short incubation time. Dilution of buttermilk with milk may also

affect the flavor to a point that a flat defect is noted. Bacterial

contamination, enzymatic action, poor equipment, and improper handling

are also factors affecting the flavor of buttermilk.

Surveys on Quality of

Commercial Cultured Buttermilk

A recent study by Keenan and his co-workers (31) on the quality

of commercial cultured buttermilk showed a wide variation in flavor

score and the amounts of diacetyl, acetaldehyde, and volatile acids

present. The variation in these flavor components indicated that it

was difficult to produce a consistent product using lactic cultures.

Most of the samples evaluated lacked the well-balanced flavor ex-

pected from cultured buttermilk and several samples had off flavors.

In an Ohio study (34), some of the flavor defects reported included

green, flat, unclean, rancid, oxidized and yeasty.

Keenan et al. (31) and Nageotte (49) evaluated cultured butter-

milk organoleptically by assigning numerical scores of 31 to 40 with

40 indicating no criticisms. This scale is generally similar to

those used in evaluating other dairy products. The types of defects

and their intensity determined the score which was given to each

sample. Chou (14) and Olson (51) reported the use of good, fair, and

poor in the organoleptic evaluation of cultured buttermilk and other

cultured products.
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There appears to be no standard procedure used in the method of

reporting the organoleptic properties of buttermilk. There is also a

lack of standardization and uniformity in evaluating buttermilk due

to a wide variance in individual preferences and lack of knowledge of

the various defects in buttermilk.

Application of Gas Chromatographic Analysis

to Volatile Chemical Components

In recent years, more sensitive procedures for the analysis of

volatile chemical components affecting flavor have been developed.

Recently, gas chromatographic analysis has been used to determine the

components in food products both qualitatively and quantitatively.

Workers at Oregon State (36, 47) have developed a method of distilling

the volatile flavor components from the samples and analyzing them by

gas chromatography. Bassette et al. (7) developed a method of deter-

mining volatiles, including those affecting flavor, by head space

sampling and gas chromatographic analysis. Other work done by

Bassette et al. (6, 8, 54) indicated that pure cultures of organisms

inoculated into milk produced different chromatographic patterns that

could lead to the characterization of bacteria.

A method of Hempenius and Li ska (29) for determining volatile

acids in cultured products by distillation and separation of acetic

acid by gas chromatographic analysis has been described recently. It

was suggested that propionic, butyric, valeric, and isovaleric acids

present in buttermilk could be determined by this method.
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Gas chromatography was used by Chou (14) to separate individual

volatile components from cultured buttermilk. Components affecting

flavor were determined using paper chromatography, gas chromatography

and infra-red spectroscopy. Flavor quality was compared with the

number of components per chromatogram. A good cultured buttermilk

sample averaged 17 gas chromatographic peaks, a fair sample 11 and a

poor sample 9 peaks. A relationship between the number of volatile

chemical components and flavor was indicated but this relationship

was questioned due to the wide flavor variation among samples. Com-

mercial cultured buttermilk was analyzed by gas chromatography and a

maximum of twenty-eight components were found among individual samples.

Direct Acidification of Dairy Products

Lindsay and co-workers (41) reported that 2 ppm diacetyl, 0.5 ppm

acetaldehyde, 1250 ppm acetic acid and 25 ppb dimethyl sulfide added

to acidified milk medium yielded a product that was similar in aroma to

lactic cultured products. Work with direct acidification of dairy

products has been reported by a number of workers (2, 9, 13, 19, 21,

22, 42, 43, 46, 55) in recent years. Acidified cottage cheese is

produced for consumption in a limited area but acidified cream has

been accepted as a replacement for cultured sour cream since 1962.

Day (17) reported that the chief problem with direct acidification

and added flavor was not the flavor itself but the body produced in

this process.

Little (42, 43) reported on the direct acidification process in

the manufacturing of sour cream by adding lactic acid and culture
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distillate. His findings also were supported by other studies that a

lack of a desirable body is the most criticized defect in directly

acidified products, especially sour cream. This defect also may be

influenced by the varied sources of milk as well as differences in

the ratio of certain salts in milk.

Buttermilk is not commonly manufactured by a direct acidification

process although Gerson (22) reports that the Nopco Chemical Company

has developed such a process. An erratic body characteristic of poor

viscosity was noted in direct acidification products described by

Little (43).

Olson (2) reported that direct acidification has been used in

experiments with Italian pizza cheese, cottage cheese, and blue

cheese. In this direct acidification process, only acid and rennet

were added directly to the milk. If any additional flavor is desired,

the components necessary must be added at a later point in the manu-

facturing process.

Vincent (55) used hydrochloric acid to acidify skimmilk to pH

5.8 to 5.9 for cottage cheese before adding the lactic starter culture.

A softer curd was noted and a decrease in coagulation time was ob-

tained. There was no preference in flavor and texture between com-

mercial cottage cheese and pre-acidified cottage cheese in many cases.

In another study by Boddicker et al. (13), HC1 also was used for

direct acidification of skimmilk before adding lactic cultures in

the production of cottage cheese.

Nepco Chemical Company, Newark, New Jersey.
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Bennett et al. (9) and Deane and Thomas (19) reported the use of

lactic acid and glucono-delta-lactone for acidification in the study

of diacetyl and other volatile components in milk. Bennett found the

flavor threshold of diacetyl in skiramilk varied according to the pH

of the skimmilk. The lower the pH, the higher the threshold value.

Use of Imitation and Synthetic Flavors
in Cultured Products

In the report by Deane and Thomas (19), it was indicated that a

combination of gluco-delta-lactone and citric acid produced sour cream

that coagulated in four hours and produced a flavor with no noticeable

astringent characteristics. A starter distillate was added to the

cream which resulted in a typical aroma and flavor of cultured cream.

Lindsay and his co-workers (41) reported that a prepared butter

culture flavor concentrate contained diacetyl, acetaldehyde, dimethyl

sulfide, acetic acid, and lactic acid. This concentrate was reported

to be similar in flavor to that of a natural butter culture. Equal

flavor preference was given to the natural and the artificially

flavored buttermilk, sour cream, and butter. A buttermilk flavor

stabilizer is available from a commercial source (3) to improve the

flavor of buttermilk, yogurt, and other cultured products.

Harper (28) concluded that it is almost impossible to add all

the flavor components found in cultured products back in their exact

proportions to duplicate flavor characteristics.
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EXPERIMENTAL PROCEDURES

Buttermilk samples were either prepared in the University Dairy

or obtained from retail sources. In addition, data were obtained

on commercial samples obtained in a buttermilk clinic held at Kansas

State University. All samples were evaluated organoleptically and

analyzed by gas chromatography for certain volatile chemical com-

ponents. They were also analyzed for total volatile acidity, titrat-

able acidity and pH.

Source and Propagation of Buttermilk Cultures

Five commercial mixed species lactic starter cultures and one

single species lactic starter culture recommended for cultured butter-

milk were obtained in powdered form from two national lactic starter

culture supply houses. The initial propagation of these cultures was

accomplished by inoculating whole milk which had been autoclaved for

10 min at 15 lb pressure. The inoculated milk was then incubated at

21 C. Samples remained in the incubator until a firm coagulation was

noted, then cooled in ice water. After the initial propagation, all

mother cultures were carried in sterile litmus milk and transferred

at regular intervals.

Intermediate cultures were prepared by inoculating 100 ml auto-

claved whole milk with a 1$ inoculum from the litmus milk cultures

and incubated at 21 C. In the preparation of the bulk starter, 500 ml

whole milk was steamed for 1 hour. A 1% inoculum again was used and

the milk incubated at 21 C. All cultures were placed in ice water

after removal from the incubator.
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Preparation of Cultured Buttermilk

All milk used in the experimental buttermilk study was obtained

from the University Dairy processing facilities. Pasteurized whole

milk (3.5$ butterfat) and pasteurized fortified (2% solids) skimmilk

were mixed, then sodium chloride and stabilizer ("Sta-Rit", Germantown)

were added making the composition of this mixture 2# butterfat, 9%

serum solids, 0.08% sodium chloride, and 0.05% stabilizer. Milk was

repasteurized in a 50 gal processing vat at a temperature of 85 C with

a holding time of 30 min and then cooled to 21 C. Twenty-five pound

portions of this prepared milk were placed into each of two 5 gal

stainless steel milk cans for preparation of buttermilk control samples.

The remainder of the milk in the vat was cooled to 7 C and again, two

25 lb portions were placed in stainless steel cans to be used in the

preparation of pre-acidified cultured buttermilk. Milk cans were used

in all cases except the coagulation rate study in which smaller amounts

of milk were required.

Samples were inoculated with 1% lactic starter culture and incubated

at 21 C until coagulation occurred, then removed and cooled in ice water.

Different lactic starter cultures were used to inoculate the milk de-

scribed above. After sufficient incubation, these samples were used

in comparison with commercial buttermilk samples and pre-acidified

cultured buttermilk samples by organoleptic evaluation, gas chromato-

graphic analysis, total volatile acidity, titratable acidity, and pH.
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Preparation of Pre-Acidified Cultured Buttermilk

A commercial grade concentrated HC1 was diluted to 5% with sterile

distilled water and held refrigerated at 7 C until ready to be used.

All milk that was acidified was cooled to at least 7 C then 5# HC1 was

slowly added and the milk was agitated vigorously during the acidifica-

tion process. Enough HC1 was added to lower the pH of the milk to 5.2.

Sterilized distilled water was added to control milk equal to the

amount of IC1 required to acidify milk used in preparing the pre-

acidified cultured buttermilk. This was done to prevent any effect on

the control samples due to the dilution factor in the pre-acidlfied

cultured buttermilk samples. The acidified milk was then warmed by

placing the container of milk into a warm water bath and agitated con-

tinuously until a temperature of 21 C was reached. The inoculation and

incubation of these samples were performed in the same manner as de-

scribed in the preparation of cultured buttermilk.

Organoleptic Evaluation

Three phases of this work, the commercial cultured buttermilk

study, the pre-acidified cultured buttermilk study, and the commercial

cultured buttermilk versus the pre-acidified cultured buttermilk study

required the evaluation of flavor and aroma by a selected panel consist-

ing of five experienced judges.

For organoleptic evaluation, all samples were transferred from the

original containers to 100 ml glass stoppered Erlenmeyer flasks. The

flasks and stoppers were previously sterilized in an oven at 90 C for

1 hour to remove any odors that might be present.
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A one to seven hedonic scoring system was used in the evaluation of

the samples. The descriptive scale ranged from one or "like very much"

to seven or "dislike very much". Each judge was asked also to check

defects and add comments. Different evaluation cards were used for

aroma and flavor but the scale was the same in both cases although

different defects were listed for each. Score cards used for scoring

these samples are shown in Appendix Figures 5 and 6.

Samples were prepared, coded, and refrigerated until ready for

examination. The judges knew in all cases that duplicate samples were

used but these were randomly placed.

Analyses for Volatile Chemical Components
in Buttermilk by Gas Chromatography

The instruments and procedures used in this work were described

by Loney (44) using modifications of earlier work by Bassette et al.

(7) and Toan et al. (54).

Apparatus . Two instruments were used in the separation of volatile

components and were designated "A" and "B". The "A" instrument consisted

of an Aerograph model 600-B with a 1.05 rav Brown-Honeywell recorder.

The "B" instrument was a model 550-B Aerograph with a 1.00 mv Brown-

Honeywell recorder. Both instruments were equipped with hydrogen flame

ionization detectors. Identical columns were used in both instruments}

3.05 m by 0.318 cm stainless steel column packed with 20# Carbowax on

60/80 mesh, HJffiS treated chromosorb P. Nitrogen was used as the carrier

gas with operating conditions for the two instruments as follows

i



Instrument A Instrument B

100 100

192 192

14.1 16.3

24.4 26.0

120 110

0.85 0.85
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Column temperature ( C)

Injection temperature ( C)

Nitrogen flow (ml/rain)

Hydrogen flow (ml/min)

Oxygen flow (ml/min)

Chart speed (cm/min)

Other apparatus included 15 x 52 mm, 5 ml serum vials with self

sealing rubber caps; a Hamilton no. 1001, 1 ml gas tight syringe with

a 25 gauge needle 5.08 cm longi and a Fisher clinical mechanical shaker

adjusted to operate at 275 to 285 oscillations per minute. The re-

agents included ACS grade anhydrous sodium sulfate, ACS grade anhydrous

mercuric chloride and solutions of acidic and basic hydroxylamine as

described by Bassette et al. (7).

Procedure . The method used in analyzing buttermilk samples was

by head space gas. Two ml buttermilk was measured into a serum vial

containing 1.2 g sodium sulfate. The vial was sealed with a serum

cap and placed in a hot water bath for 2 min at 60 C. The vial then

was removed from the water bath and mixed on the shaker for 5 rain.

After mixing, a clean serum cap was placed on the vial and it was

again placed in the 60 C water bath for 8 min. One ml head space

gas was withdrawn from the vial by inserting the syringe needle through

the cap being careful not to contaminate the needle with the mixture in

the vial. The 1 ml head space gas was then injected into the chromato-

graph. All chromatographic analyses in this investigation were made

in duplicate.
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Chromatographic peak times were recorded in minutes starting at

the time the gas was injected into the chromatograph. Acetone with

a retention time of 4.0 min was used for instrument standardization.

The peak heights recorded were measured by taking the distance from

the base line to the tip of the peak. This total height was then

multiplied by the attenuation factor to give the total peak height.

The total peak height was corrected daily for any instrument

sensitivity changes. This was done by measuring the total peak height

produced by 1 ppra acetone and dividing this value into 1600 (an arbi-

trary value established for 1 ppm acetone). The results gave the

adjusted acetone factor. The total peak height for each compound was

then multiplied by the adjusted acetone factor resulting in the ad-

justed total peak height.

Identification of chromatographic peaks was made by comparison of

these peaks with those of the retention times of known compounds.

Bassette et al. (7) identified sulfides, carbonyls, and esters by

eliminating these components from the head space gas. He found that

esters and carbonyl peaks were eliminated by using basic hydroxylamine.

Acidic hydroxylaraine treatment of samples resulted only in the removal

of the carbonyl compounds. Sulfides were removed by treating the samples

with mercuric chloride before removing the head space gas for analysis.

Alcohol peaks were removed by boric acid on the column reaction tech-

nique as described by Ikeda et al. (30).

Preparation of standard curves . Standard curves were determined

statistically for the concentrations in ppm of different components

analyzed by gas chromatography. At least five different concentrations
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were prepared for each compound. Analytical grade acetaldehyde,

acetone, diacetyl, and ethanol were employed. Acetoin was obtained

2
from a commercial company. Acetoin was distilled through fractional

distillation column to purify it before making dilutions.

Determination of Titratable Acidity and pH

Titratable acidity was determined on each sample using the pro-

cedure for cream as described by Goss (23). One-tenth N NaOH was used

to titrate the sample using phenolphthalein as an indicator. A Beckman

pH meter was used to determine the pH of each sample.

Total Volatile Acidity by Steam Distillation

Apparatus . Micro-Kjeldahl equipment was used to distill total

volatile acids from buttermilk in place of the equipment described by

Hammer et al. (16, 24, 26). Distilled water was used in the steam

generator at all times.

Procedure . Twenty-five grams of well mixed buttermilk was weighed

into the 100 ml digestion flask. One ml concentrated HgP0
4

was added

to the weighed buttermilk and mixed thoroughly. Three drops of anti-

3
foam agent was used to reduce any excessive foaming that might occur

in the distillation process.

2
Acetoin from Rare and Fine Chemicals - Plainview, N. Y.

3
Dow Corning Food Grade Silicone Defoamer FG 10 Emulsion -

Midland, Michigan.
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Heat was applied to the steam generator and some steam was ex-

pelled from the equipment before placing the digestion flask under the

steam outlet. The operation was adjusted to collect 100 ml distillate

in approximately 30 min. A 100 ml graduated cylinder, placed in ice

water, was used to collect the distillate.

The distillate was transferred to a 200 ml Erlenmeyer flask and

titrated with 0.05 N NaOH in a semi-micro buret with phenolphthalein

used as the indicator. The results were expressed as ml of 0.05 N

NaOH required to neutralize the first 100 ml of distillate obtained

from a 25 g sample. Distilled water was steam distilled through the

system before and between each sample tested.

Evaluation of Commercial Buttermilk

Kansas State University clinic study . A single session clinic in

the Department of Dairy and Poultry Science was conducted to evaluate

commercial buttermilk from a number of Kansas processors. Two quarts

from the same batch were required for the clinic. One quart was used

for laboratory and official evaluation and the other quart was used

for the organoleptic evaluation by the clinic participants.

Buttermilk samples were prepared for organoleptic evaluation by

five qualified judges and the clinic participants ranked the samples

for aroma and flavor. A scale of good, fair, and poor was used for

this evaluation and unusual flavor and aroma defects were noted by

each judge using the evaluation sheet shown in Fig. 2.

Titratable acidity was determined on each sample as described

earlier. Each sample also was analyzed by gas chromatography for
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volatile chemical components. The concentrations of the different

volatile chemical components were not computed in this study since

the interest was the identity of volatile chemical components and the

organoleptic evaluation of the buttermilk.

Other commercial buttermilk evaluation . In order to provide

additional data, other commercial cultured buttermilk samples were

obtained from supermarkets, except for two which were obtained from

dairies out of their cooler stock. All samples were obtained in one

quart containers. The tests used for evaluating these were organo-

leptic evaluation by the panel, volatile chemical component analyses

by gas chromatography, and titratable acidity.

Volatile chemical components in commercial milk samples . This

study was performed to determine the volatile chemical components present

in commercial whole milk and skimmilk samples chosen at random since

these are the basic products used in making cultured buttermilk. This

gave a basis for determining the development of volatile chemical com-

ponents present from the breakdown of citric acid in the fermentation

of lactic starter cultures. The skimmilk and whole milk were examined

only for components by gas chromatographic analysis and no attempt was

made to evaluate flavor or acidity of these samples.

Commercial milk and skimmilk samples were obtained from super-

markets in one quart and one-half gallon containers. All samples were

purchased shortly before testing and refrigerated until used.
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Rate of Coagulation of Pre-Acidified Milk

by Lactic Starter Cultures

This phase of the study was performed to determine if there was

any time difference in coagulation or acidity increase using the pre-

acidification method as compared with standard cultural procedures.

All milk was prepared by previously described methods. Six cultures

selected for use in the preparation of the experimental buttermilk

samples were used in this experiment. The samples were examined for

pH and titratable acidity, and were observed for coagulation at regular

intervals. The time of coagulation was recorded, then samples were removed

from the incubator and placed in ice water. Samples were again checked

for pH and titratable acidity at the end of a 24 hour period except for

two which were tested at 26 hours.

RESULTS AND DISCUSSION

In this investigation, comparisons were made between pre-acidified

cultured buttermilk and standard cultured buttermilk using different

lactic starter cultures. Gas chromatographic analysis, organoleptic

evaluation, total volatile acidity, titratable acidity, and pH were all

used as a basis of comparison. A study of the coagulation time was made

to determine any time savings in this pre-acidified process.

Quality and Some Chemical Characteristics

of Commercial Buttermilk

Evaluations of commercial buttermilk were made in a buttermilk

clinic held at Kansas State University in March, 1967, and on commercial
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samples subsequently obtained in retail outlets. With clinic samples,

results of the gas chromatographic analysis were expressed only in

adjusted peak heights for the volatile chemical components. In later

buttermilk studies, the concentrations of these components were expressed

in parts per million (ppm).

Kansas State University Clinic . The flavor rating of the eighteen

commercial buttermilk samples showed a wide range of flavor quality

(Tables 1 and 2). The official judges rated only three of the samples

good and half of the total poor (Table l). The remainder were con-

sidered fair. There was also a wide variety of flavor defects among

the different samples as indicated by the criticisms, with high acid

and green being the most common.

The same samples evaluated by clinic participants (Table 2) re-

ceived flavor ratings similar to those of the official judges with

most of the samples being rated fair or poor. Not only was there con-

siderable variation in flavor defects indicated among samples but

individual samples were criticized for a wide variety of defects by

the different participants. No correlation between titratable acidity

and flavor ranking could be determined.

Some volatile chemical components present in the buttermilk

samples as determined by gas chromatographic analysis are shown in

Table 3 and Fig. 3. Figure 3 shows a typical chromatogram of a cultured

buttermilk sample. Each component present in the buttermilk is repre-

sented by a peak produced at a time specific for that component. The

value reported for each sample is the adjusted peak height for each

component as shown on the chromatogram and is an indication of
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Table 1. Evaluation of commercial buttermilk samples by official

judges at the Kansas State University clinic - March, 1967.

Sample
Titratable
acidity

Flavor
rating8

Flavor
criticisms

1 0.76 P unnatural

2 0.85 P+ green, unclean

3 0.87 P high acid, foreign

4 0.89 F off flavor

5 0.97 G- si. high acid

6 0.87 G- si. high acid

7 0.86 P+ green, flat, unclean

8 0.88 G- high acid

9 0.75 P high salt, green, cooked

10 0.74 F- cabbage, cheesy

11 0.90 P rancid

12 0.80 P salty, oxidized

13 0.83 P high acid, green

14 0.87 P- high acid, green

15 0.94 F+ high acid, cabbage

16 0.84 P+ foreign, flat

17 0.88 P cooked, stale, high acid

18 0.83 P+ green, high acid

G-Good, F-Fair, P-Poor - consensus of judges.
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Table 2. Evaluation of commercial buttermilk samples by participants

at the Kansas State University clinic - March, 1967.

Sample Flavor rating Flavor criticisms

1 F flat, high acid, low solids, metallic,
salty, yeasty

2 P green, high bacteria, metallic, rancid

3 P+ bitter, cheesy, high acid, low acid,

rancid, unclean, yeasty

4 F flat, high acid, green, salty, yeasty

5 G- coarse, green, high acid

6 G- green, high acid, mild, unclean

7 P+ flat, green, high acid, metallic,
unclean

8 F flat, green, high acid, salty

9 G- acid, flat, rancid, undeveloped

10 P- flat, green, high acid, mild, metallic,
unclean

11 P green, metallic, rancid, unclean

12 P cheesy, flat, green, high acid,
metallic, rancid, salty

13 F cheesy, green, high acid, low acid,
rancid, unclean

14 F cheesy, coarse, flat, green, high
acid, unclean, yeasty

15 F cheesy, flat, green, high acid, low
acid, metallic

16 Pf acid, flat, green, metallic, unclean

17 F cheesy, flat, metallic, unclean,
undeveloped

18 P cheesy, flat, green, metallic, unclean

a G-Good, F-Fair, P-Poor - consensus of judges.
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Table 3. Some volatile chemical components and adjusted peak

heights determined by gas chromatographic analysis on

commercial buttermilk samples at the Kansas State

University clinic - March, 1967.

Sample

Adjusted peak heiqht

Acetaldehyde Acetone Ethanol Diacetyl Acetoin

1 106 2585 1653 431 99

2 5697 1969 1917 844 259

3 97 3131 4190 325 69

4 64 2063 2040 881 180

5 109 2012 2085 786 263

6 45 1748 1980 1552 172

7 511 963 2045 559 84

8 40 2625 2256 1025 69

9 60 2154 2045 650 96

10 52 1832 2040 1437 110

11 43 1994 1414 649 93

12 42 1503 1530 769 127

13 104 2394 3269 789 81

14 60 1094 1301 1002 121

15 147 1820 1748 1249 268

16 36 1623 1410 491 85

17 85 1499 1641 928 76

18 4755 1829 1884 823 174
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concentration. There was considerable variation in the amount of each

component among the different samples. With few exceptions, there was

no consistent relationship between the peak heights of individual com-

ponents and the organoleptic quality of the buttermilk. However, a

high peak height for acetaldehyde was definitely associated with what

was criticized by the official judges as a green flavor (Table l).

Although samples rated good had a relatively high peak height for

diacetyl, many of the poorer samples also showed equal value. There

appeared to be little relationship between acetoin peak heights and

flavor. With the exception of one sample (No. 3) which had the highest

acetone and ethanol peak and was rated poor with a foreign flavor, there

appeared to be no consistent relationship between the amounts of these

constituents and flavor. With respect to acetone, it might be noted

that the component is present in the initial milk (Table 6) and was

not greatly influenced by fermentation.

This clinic study showed that much of the commercial buttermilk

in Kansas was of poor flavor quality. It was also evident the organo-

leptic evaluation of buttermilk lacks the standardization that exists

in judging certain other dairy products and that accurate evaluation

is extremely difficult. This was emphasized particularly by the

various concepts of flavor quality shown by inexperienced judges.

Also, although certain volatile chemical components are recognized to

be important in flavor of cultured products, little consistent relation-

ship was found in the clinic samples.

Commercial buttermilk evaluation . Results of organoleptic evalu-

ation of the 13 commercial cultured buttermilk samples obtained from
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supermarkets are shown in Table 4. A panel of five experienced judges

scored these samples and an average of their scores was recorded. The

flavor scores had a slightly wider range and were ranked lower than

the aroma scores. It appears that the results of the organoleptic

evaluation of these samples were similar to those in the Kansas State

University clinic. Only one sample was comparable to a good rating

in flavor evaluation with a score of 2.75. As indicated in the clinic

samples and again confirmed in this study, no correlation between

titratable acidity or pH could be found with flavor ranking and flavor

criticisms.

Table 5 shows the total concentration in parts per million of five

volatile chemical components of the cultured buttermilk as determined

by gas chromatographic analysis. As in the clinic study, there was

marked variation in the concentration of each component among the samples.

The flavor and the chemical concentration of these samples did not always

relate. However, sample C (Appendix Table 20) was criticized for a

cheesy defect in both flavor and aroma by several judges and this could

be related to a high ethanol concentration. No pattern could be de-

tected in the acetone concentration as affecting the flavor and aroma.

The ratio of diacetyl to acetaldehyde varied from 13.2il to as high as

1613.7:1 but at no time did a judge criticize the flavor as being harsh

as reported by Lindsay (40) when in his studies a ratio of 5.5il or

higher resulted in a harsh flavor or aroma. Furthermore, there were no

correlations between the acetaldehyde-diacetyl ratio and the flavor and

aroma scores in the group of buttermilk samples.
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Although the judges in this series were more experienced than the

clinic participants in the Kansas State University study, there was

still a wide range in flavor and aroma scoring and in the types of

defects criticized. This again indicated the wide variation in in-

dividual preference and the lack of standardization in judging butter-

milk quality. The samples of commercial buttermilk obtained at random

could not be considered quality products.

Evaluation of milk for volatile chemical components. Six skimmilk

samples and six whole milk samples were analyzed by gas chromatography

to determine the volatile chemical components present and the concen-

tration of each. Since all commercial cultured buttermilk is made

with either skimmilk or whole milk, it was necessary to know the

components present before inoculation. This gave an indication of

the changes that took place in the fermentation process regarding the

concentration of the five components detected by gas chromatographic

analysis. The results are presented in Table 6.

The volatile chemical components in the skimmilk and in the whole

milk varied in concentration among the samples. No relationship among

the components of the individual samples could be determined. An

average of the component concentration in the six samples was made

to permit a more effective comparison with the component concentra-

tions in buttermilk.
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Table 6. Some volatile chemical components of commercial skimmilk

and whole milk.

Concentration ppm

Sample Acetaldehyde AcetoM Ethanol

1 skim whole skim whole skim whole

1 0.010 0.006 1.943 1.950 2.430 3.348

2 0.000 0.000 1.974 2.102 12.204 7.316

3 0.000 0.009 0.598 0.565 0.394 0.386

4 0.004 0.010 1.876 1.439 8.624 4.630

5 0.006 0.000 1.475 1.499 2.403 2.699

6 0.007 0.000 1.553 1.319 1.238 1.162

Av. 0.005 0.004 1.570 1.479 4.549 3.257

Parts per million - average of duplicate samples.

Evaluation of Pre-Acidified Cultured Buttermilk

Comparison of pro-acidified cultured buttermilk with cultured

buttermilk . Six different lactic starter cultures were used in this

study. Buttermilk was prepared with and without supplementary

acidification. Evaluations were made the day samples were removed

from the incubator and again after a four-day storage period. Cul-

tures 2, 3, 7, 8 f and 10 were commercial lactic starter cultures

consisting of streptococcus and leuconostoc species and culture 9 was

the single species S. diacetilactis culture.
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The milk used in this phase of study varied in titratable acidity

from 0.17 to 0.20 and in pH from 6.4 to 6.7. These values are higher

than those found in regular milk due to the addition of solids-not-fat.

The titratable acidity (Table 7) of the buttermilk on the fourth day

of storage was greater than on the first day in both the control and

pre-acidified samples. Generally on both days, the acidified samples

had less titratable acidity than their corresponding control samples,

ranging in arithmetic mean from 0,66 to 0.97 in the acidified sample

and from 0.85 to 0.98 in the control, although in some cases, this was

reversed for unexplained reasons. There was no significant variation

in the pH of the samples as indicated in Table 7.

Most of the samples were given a more desirable aroma score than

flavor score by the panel members as indicated in Table 8. With the

scoring method used in this study, a lower score is indicative of a

better flavor or aroma. The aroma of pre-acidified samples using the

single species lactic starter culture was preferred over the pre-

acidified samples using the mixed species lactic starter cultures

in both the first day and the fourth day evaluations. Generally,

the aroma score was improved in the pre-acidified samples the fourth

day over the first day.

The flavor score was shown to be a more reliable evaluation of

the buttermilk than the aroma score as indicated by the criticism and

comments of the panel members (Appendix Table 22 and 23). The fourth

day samples generally had a preferred flavor score than the first day

samples and were criticized less frequently for a green defeat. The
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Table 7. Titratable acidity and pH of cultured buttermilk with
and without pre-acidification.a

Lactic Titratable acidity pH

culture .b _c ,b _c
No. J J J

B

2 Control 0.92 + 0.08 0.97 + 0.07 4.53 + 0.11 4.47 + 0.21

2 Acidified 0.82 + 0.16 0.91 + 0.10 4.40 + 0.10 4.30 + 0.10

3 Control 0.85 + 0.00 0.90 + 0.06 4.57 £ 0.06 4.47 + 0.16

3 Acidified 0.77 + 0.08 0.86+0.05 4.50 + 0.10 4.43+0.06

7 Control 0.93 + 0.03 0.95 + 0.03 4.43 + 0.16 4.45 + 0.09

7 Acidified 0.83 + 0.16 0.92 + 0.06 4.47 + 0.25 4.23 + 0.11

8 Control 0.90 + 0.00 0.99 + 0.05 4.53 + 0.06 4.40 + 0.00•» mm «» —

8 Acidified 0.79 + 0.12 0.94 + 0.07 4.50 + 0.10 4.35 + 0.09

9 Control 0.95 + 0.05 0.98 + 0.03 4.63 + 0.11 4.52 + 0.11

9 Acidified 0.89 + 0.06 0.97 + 0.08 4.57 + 0.11 4.47 + 0.16

10 Control 0.86 + 0.03 0.95 + 0.05 4.53 + 0.06 4.68 + 0.11

10 Acidified 0.87 + 0.06 0.93 + 0.05 4.40 + 0.27 4.42 + 0.23

Arithmetic mean of three trials with standard deviation indicated.

Samples tested same day as removed from incubator.

Samples tested after four days storage.
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Table 8. Aroma and flavor evaluation of cultured buttermilk with
and without pre-acidification. a

Lactic
culture
No.

Aroma score Flavor score

A
C

B
d

A
C

B
d

2 Control 4.27 + 0.90 3.53 + 0.31 4.57 + 0.93 4.33 + 0.81

2 Acidified 3.47 + 0.42 3.30 + 0.82 4.00 + 0.87 4.00 + 0.92

3 Control 3.60 + 0.79 3.20 + 0.44 4.33 + 0.50 3.67 + 1.12

3 Acidified 3.43 + 0.42 3.67 + 0.16 4.30 + 0.69 3.70 + 0.76

7 Control 2.90 + 0.72 3.07 + 0.23 4.37 + 0.06 3.70 + 0.35

7 Acidified 3.23 + 0.16 3.40 + 0.48 3.40 + 0.87 3.27 + 0.64

8 Control 3.13 + 0.16 2.87 +0.35 4.30 + 1.10 3.77 + 0.84

8 Acidified 3.00 +0.36 2.83 + 0.32 3.60 + 0.79 3.70 + 0.35

9 Control 3.23 + 0.06 2.60 + 0.40 3.37 + 0.75 3.87 +0.29

9 Acidified 2.97 + 0.16 2.80 + 0.20 3.37 + 1.40 3.67 + 0.16

10 Control 3.23 + 0.29 2.73 + 0.16 3.67 + 0.50 3.13 + 0.38

10 Acidified 3.33 +0.59 2.90 + 0.00 3.17 + 0.32 3.40 + 0.20

Arithmetic mean of three trials with standard deviation indicated.

b
1-7 hedonii: scale; 1-Like very much, 7-Dislike very much.

c
Sample evaluated same day as removed from incubator.

Sample evaluated after four days storage.
1
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flavor was improved in the buttermilk using the single species culture

on the first day. In general, the pre-acidified samples were preferred

over the control samples on both days according to the organoleptic

evaluation. There was some correlation between a lower titratable

acidity and a preferred flavor score for the pre-acidified samples.

A variation in the concentration of different components was

noted in the control and pre-acidified buttermilk samples. The

analyses by gas chromatography of buttermilk using the six cultures

are summarized in Tables 9 to 14. The concentration of acetaldehyde

in the samples was lower on the fourth day than the first day which

agrees with the general pattern in the breakdown of citric acid during

the fermentation process. In many cases, the pre-acidified samples had

less acetaldehyde than the control which was confirmed by a decrease in

the number of green flavor criticisms in the organoleptic evaluation

(Appendix Tables 28-33). The amount of acetone in the initial milk

and the cultured samples indicated that this compound is not produced

in the normal fermentation process. The importance of acetone in the

flavor or aroma evaluation of the buttermilk could not be determined

because of its high threshold level.

The amount of ethanol, diacetyl, and acetoin was directly related

to the amount of acetaldehyde present in the samples. The amount of

ethanol increased in most cases from the first day to the fourth day

as would be expected in the metabolism of citric acid; the few excep-

tions could not be explained. The amount of acetoin increased in most

fourth day samples as would also be expected although there was a



45

0>

•o
>.
-C
0)

•o
• irt

c
1 O 5 ITi •rt 1
+>

OS
<
••

ftr-ir-tf-tr-tftt-tft .rti-4r-tirt«rt<rtirtfrt tt
tO

I HOinaniftin^ CMtfO^t^^rtO^CM 1•H •-* • #•••••• • •••••••
«H >. O^J"»HvOOOO<-t 00^«HP)0>(M >
•H +> CM r-4 ft
•o 0) e
•H o ?O at M
7
I

•H

s
ia >-

c
+» •H v0t"-QlOCM«rt\0»rt r*cOrHooooxoif)>o

cocoa^oQ5cM<N^r
•D

3
5

Q
1

0) • ••••••• • ••••••• B
+»

1
o
<

P) NNCM (NlH

^NOos^HOor-sco

"O 1
c irt +»
A >. to

A iT>CMC*£-<^nOI>*CM

in\o\0^4\oo\c>CM
i
4->

+> O
% m • ••••«•• • ••••••• <D

•rt OOiONPIhOh OO^OOhMMN •rt
*—*

J* CM
Q | J

s fl>~ a en

1 8
e
5
I 8

HNiOCMOOCMma ^r^r-inocMoco
h-co^-NOooinovo

0) (0
M

' $
+> a c 5 < to

+» H o • ••••••• »••••••• •

5 3 •H +»
Ul

OCOCOpCMCMCOCM
CMCMCMCM^«CM~4CM

coocMo-tin^r* to

1
••> 10

.-I

s
•-I CQ to

tJ 3 & •o

1 3 +> *°
.c 0) to C H

• c M?cot-r-cMf-cor- 00cO.rtin'<*CMNOCO <0 10 3
•-»

o
c 5 o <£

3
1 i • ••••••• • ••••••• +>

o oooooooo oooooooo n *^ H< B •C 0)

•g \ •rt o +>
O ft

a
tO «*-

& to
10 a> 3

g
c

i
0)

cor^c^^ococ-cococoKcoqCmNooo trtCO^r^oO^CO
-trooS^'cgQcoCxj
vooocjcjitSo^o en

a, s
>-t +*
Q. (0

1o

o <o e &
^4 • ••••••• • ••••••• to +>

5 «rt
WhOOhhhh

>
w

c
1 Io

40 £&
1

< 1 +> B
B < CO < 03 c £ tfi

1 A 1 1 1 1

o
•rt

•—

i

J i < ea < eei < cq • • < a < CQ < CQ • • •rt CQ
o M i i i i i i > > 1 1 1 I 1 1 > > •rt to

h HH(M«nO<< HH(\ic\inn<< & H
1 H 10 t

M •h h
5 1

0)

a
•H •rt

•
8

it +»o O 0) •rt H £2•H *H +» 73 10
<D +» 3 • c •rt a. H 'H
r-t O -4-> O o

sa 10 -4 C o «o A4 3H O CM CM



CD

a

to

I
&
"O
i-i

a
u
<

+>
to
u
m

•H CO

E

+»

I 3
3 J

c
c

3
ro

U

c
5
o
c

0)

o<

Iu

8

UJ

c

to

u

0>

•o

to

•o

(0

to
u
<

H

to

JO

+> 3
o +»
re r-i

-4 3
U

46

1C
r-lr-lr-ir-tr-lr-lr-lr-l f-H i-t «H ^4 iH .-1 r-i —

1

o*coco*xcoini-iCM in co cm o ^t CM CO *f 1• ••••••• • • • 1 • « • • >\OCM^O*»OCOt-in o co ^ grh h h rt 28 CM vO i
r-l rt HH r-l f-4 CM

1IS
10
•

oocooi\pirtcoin
CM TJ- CO CO

^h In co !B
8$ r-* if)

-o in

1
v^iftM^acoin vO CO O O 1*••••••• • • » • • • • • H
CO C0C0vO00f>HH ®8§Z <jf vO CO o 03^ vO ^f O

<-t #-t

2
COQ*Or-4Cp'Qp-4CQ
COOO>^tNr*t-<N

HhvOO r- s r-i f~ v
<q?88 O CM

tift
• t « • • • • • H0>-4t-4r-<<-4<-l«HtH «-4 «H -« CM iH CM r-l CM

|jre to

in oi

. 2tOh-rHOQCOOJCM
\o^ococococot>»

co »> *o o in o CO V
5> oO CM

co r- cm in 2 kco co o^ t • w
• ••••»•• • • » • • • • • ••>

COvOf-Ot^OOCO CM ^ .H CM r-i CM -» CO i ^-«. 0)
r-l

110
10

03 >.

t^cocococococovo
CMcocoh-coc^iBJB

HHOOOr
5?

3fflDHO*
cm co r- \o CO CO

CD < O
• ••••••• • • • • • • • t reoooooooo o o o o o o o o o

•rl

r-l

a
3
•D

XX u
O 0)

re +>
0) Hi

re
<n

CVCOCNICOOOCOO O CO CM f> CO CO co ^ o>H C U> <0 C8 (? o CO re•-tOr0OO»-i»HO -« o o o o o o o (0 i
• •••»••• • • • • • • • • CD 10 4->oooooooo o o o o c >

re ii
i ftc £. co< m < m o
•H

4-> (0

1 1 i i r-l S 1

< CO < CO < BQ • • < co. < m < ea • •
^i

</> CQ
1 1 1 1 1 1 > > 1 1 1 1 1 1 > > g t-lHHN(\icon<< r-i r-i CM CM C < < re *

h •rl u
CD

a S|
i (0 d> js

1
e i

CO 3
(4 U

«H re JC c
c
6 I

a
re a

ro CO
1



47

c
o

co
o

3
•H
O
co

I
•P
3

I

]«

•s

•-«

1

i
5

I 3

3
o

(0p
c
CD

c

8

CO
o
•n
B
<D

JZ
o
0)

a

CD

CO

H

8

5

0)

}
H

0)

u
<

0)

o
CO

1
o
<

p
CD

o
CO

o
c

C CO

P tu

2p
c a>
a c

1<

01

i
CD

CD

O
<

n
•H

H

O 0)
•H f-(

4) 3 •
O -P o
• -H C
-4 3

a

r-CNrHCOt^tfO^lf)
• •••••••
t^^^Ht-of-o^cM

inr-r-c\cNh-»-<oo
OO'frr-O'^CNOCO
• •••••••
CMCMO^C000v0.-H
«-iQ«-tcocMcoooc>
-H<*5CMCMCMCM.-tCM

COOCO\OMDC>CMQ>N CNHO C0 00O'(f
)^coocococooco

• ••••••ft
O-COOvCMlOfli-lCM

cMrMtncMTi-iftM-vo
tO^-tvCC-CMif)^^-

oo*'J'c*jcNo»»Mr^c>
• ft ft ft ft ft ft ft

^•oinr^ONOvooo

os in t^ co ^ r- io

oooooooo

OOCMCMlO^TCMgp
\CvOO\OQinCMCM
OCM>r-IMD<N.-ICN
• •••••••oo«-hooo»ho

< m
I I

< CQ < CQ < 03 • •
I I I I I I > >
ftHftHCMCMCOC0<<

I-p
c
3

OOOOhOvOhO»•••••••
CO -I CO CM -I CM

ohincM.-i\ooo<x>
• •••••••
^n^<5j-5r\ocoi>co
M3\OCNif>>O^0«-«CM

P) H M H (*) H P)

CMf-OO^h-CMOr-l
ChinrH >-«^Dtntf^'s-CMm^^Of-CNCM

• •••••••
CMt-lOlOCOCMiOiO

C0^-C*)0\UJC0OC>00hhNHCMCMf>
• •••••••H^CMCO^inCMt

CMCO|T)vOCOO>OCO
^rmcsiQCMco?)'*
C0COCO(*)C0COC0C0
• •••••••oooooooo

r-iCM^roosocor^oOOlnHC)Hlf)H
• ••••••ftoooooooo

< m
I I

< OQ < CD « CO • •
I I I I I I > >
«-«»HCMCMC0CO<<

T3
•H
o

CD ->
-* GQ

CD

a
in

•p
J-t

CO

I
<4-l

!

!

f

1

•o
CD
•p
40
CD
•p

CO CD

to D>

. 2

CO

fco
(0

CDp
CO
u

a
3
•o

CD

o>
CO

CD

>

c
o

>»
ce

c
CO u

<l— M~

x: h
O <D

co -p
CD «4i

ce
CO

SI
£ (0

CO Oi
10 -P

ft.c co
•P CO

3 1 .

e »h
«0 •>

<d .q
CD 3
J-l o
.c c



48

c
o
•H
+»
<o
u

o

ia
+»
3

+>

c
n
x:

»-» CO

(0

I

+>

1

»-«

3
O

ro

8

u

3U

e
a
a
c
c
•H

n
p
c
I
o
c

I

Q>

2

a>

i
73
•-•

tO
+>
0)

o
<

p
u

$
o

u
(D

§

c

u

i
4)

*o

(0
+>
<u

u
<

O 0)
•H M
+» 3 •
O -P O
10 ^ C
•-! 3

U

• •••••••

coHNonvocoin

f-oscor-roin^co
• ••••#••
lOCOCMCOCOCOCMCO

Oino>iflHr)r)C0
t^r-t-ir-oJooo<N#••••••
CM|^r-«r-OJCT>CMC0

• •••*•••oooooooo

O^CJiHrHi-HOr^-OO
• ••••••«

< CO

i i

< 00 < CQ < £Q • •
I I I I I I > >
-HrHCMtX(T)C0<<

gp
c

6
CO

i-lO^iO^^OOO^

"RSSS&SR

lf)CNJC0i?)COi-<'3'CT> 0>»0'-lt-^"C40JCVI

COOiOOO^vOO^CO

00tOC0lf)^CSIO-«
oincofOi-tinooo

• •••••••

h0Qe)Q<o^iOi-ttOQHricO'THCM
C0«OJO^C0CMC0nO
• •••••••

^coo^^Oioro^g^WrHQlOfO^vOCO
• •••••••oooooooo

'Oinh*cotif>H
t^cotoCir-«co\o

• ••••••oooooooo

< CO

I I

< CQ < 03 < CQ • •

I I I I I I > >

0)

0)

1

I

«

t

1p
10

a>p

<0 0)
«o o>

. 2

ID

n
to

03 >.

I

I*
3

o «s oP ^»K

«H O O
r-4 « Pa <yM-«

10

0)

<o
ft

>

c
o

31
H<o a>

to +j

g£
•p

'

x:

2 1
•g .2

u
c
a
10p
u
<0

a.

(0 co

09 •
•H M
h Op p
V JQ
0) 3

I|
« X)



c
o
1-t

+>
(0
o

.-I

u

I

49

I
T>
£•J

fo •(->

•H
+»
(0

u
<
••

HHrlrtHHrlrl

.-4CO<-4CN^-\OC\IO»3 CN >-l #-4

36.9*1 27.5*1

2.2*1
26.7*1 25.6*1 18.2*1

8.4*1
25.3:1 >

<o 40
•H •

1
cr>a\a\o\coc}C)^r oocNf-oococ^o

O
+>
io
<

147.26

81.39' 81.39'
81.39 66.84 40.04 98.50 67.61

•-4 .-1
ted

same

t-4
(0

i><P
u
«o

6.633 4.038 5.549 3.984 5.369 2.269 5.850 3.430

oincMt^-Soocor*
........oo^o^- t«-4inco & .a (0 01

to en

"e 1
1 ua

a
c
o

O
c

JB
2.691 3.515 2.350 5.828 0.433 5.283 1.825 8.209

OMncoo^cMo*^

CMinco\oco\Ovoo
samples.

and

B);

A

r

days

sto

+> ai t-4C\l«-4i-4<-4«-4<-4»-4 fl r-4

(0

c
o
40

c
ai

I
c

vO<Nt>Ofcr>OOvO OOCQ03r-*ONOi-4t;
CMOJ^f^-WcOCOCO

3m < o
+> W«4h

<s
1
U
<

oooooooo ..•.a...OOOOOOOO
duplies

s

each
after

<1> "O

i
TJ

(1) <-4 <D

C0rr<N\OCNr-4\OQ
CM<Nf-I^<f^r ,a'00vONHHrtHlOH ........ erag samp

test

to
•J

io

nonoHowo oooooooo
10 o o>

i +» a
< 41

< m < CQ o +»
jl ^
•-4 5 1

J3 i i 1 1

(0 < co < co < to • . < CD < CO < CO . • «h w CQ
m| t i i i i i > > 1 1 1 1 1 1 > > S «-4

H
.-l*HCMCMC0C0<< r4H(M«C0C)<< «0 •«

<D M Q
0. +» -P

1 <n «D J3
gpg <9 +* a, 3

&
52 MHO

o <u 3 a sx c
«r4 M +> 2 a h «h
+> 3 •
O •-> O

c
2 a sx

an c <
o* ON



50

«
T>

}
•

c
o 1 1
«H O P •5p
10

•H
+1

0)

u t-H«-l»-li-<t-l>-»<-li-H ftflflftflflflfl
"Oo

•H
•o

(0 <
••
mj
>.p •H r-i -!

ococoor-cMc^^o
• •••••••
cMionco'»o>co'*

cm o ft ^- HH
>

!
«H 1

!
u I
«o IS

I

a
a •

5

c COOOCM^vO^O Oi-iocor-o^cooo

5
t»-ftcocMcpcocoQ
O^O^CM^f^flCMin

<D

6
P
t

0) • ••*••• • ••••••• (0

< m\o ,tfir><oir>Tr»o

1
1 1

>.p

I

p
(0
0)

41p
t
M r-f

tDOO^O W00S hinoHa^innH
• •••••••
O <*) CM ft «-l —< .-( CM

f^.incMco^>ocoPO
• •••••••o^^csi^rcMCMO

<p

10 c

I
IPP
3
,0

•

o
c
a>

"
6
a
Q

g f-COCQCOCO—l«T)«H
• •••••••
t>-incotoo<ococr)

3P)rtMDOHQ
oocMr~r-or-cNCD
• •••••••HMOooNinn

. s

3p
•-<

c
o 59

a to

Ml ft &
c. «o& •D'D
1 s .
to a h

3 9 tu r-t »H ft ft ft r-i ft ft CM ft
"9

5

tJ 2p
3

1

o

c
I
ic
cS

C

|o<
• •••••••oooooooo

0%0^fvOCMCOCMC-
oooo^^fcotoroco
• •••••••OOOOOOOO

3
o> < o
+» «— «f
10

m A k
•h o a>
fl MP
CL <l) «-<

jj

1o
i

3 (0
"O to

fl> ft $
a cMCMr-coco>o5f

ino>o>CMft^tf>CM W O.P
I 6 1M ro aI

"O
0\OhOO>0>hCM
•tfftfiCMOCMCMCM

PJ* r-i • ••••••• • ••••••• 0) to P
8

10p r-iOOOOOOO OOOOOOOO
f£

1
Ml

i
1 P Q.

c x: 1
< 03 < CQ O P to

B •H «rl

I A 1 1 1 1 ft S I

g t-t < CQ < CQ < CQ • • < pa < ax < cq • • •h to CQ

•H 1 1 1 1 1 1 > > i i i i i i > > e »h

1
K flf)CMCMCOC0<< *-<f*piotmco<< (0 »

h a* fa
I 0) t-t Oa p p<8 1

ft M| W <D JQ

2 U 0)
8p 5

P 3
h fi 1
m A c

«H M c •ri Q. H «H

3
+> 3 •
O P O 6 1 « ^J
<a —i c
J 3 O o

H p ft f»



51

decrease in a few samples indicating a further reduction to 2,3-butylene

glycol at the end of four days storage. The 2,3-butylene glycol could not

be identified with the chromatograph used in this study but the breakdown

of citric acid indicates that this component is the final product. There

was no diacetyl and acetoin in the milk used for preparation of butter-

milk. The amount of ethanol in the milk was very small (Table 6) and

did not influence the final concentration in the buttermilk samples. The

ethanol concentration varied only slightly among the buttermilk samples

that were made using the same culture. The pre-acidified samples were

consistently lower than the control samples in the concentration of

ethanol present. This indicates that ethanol is related more to the

culture used than to the processing technique and the age of the product.

It is believed that ethanol is not significant in flavor evaluation until

it reaches a very high concentration.

The concentration of volatile chemical components was least with

culture 3 (Table 10) which suggested that there were fewer leuconostoc

organisms present. From the results of organoleptic evaluation and gas

chromatographic analysis, there appeared to be no significant difference

using the S. diacetllactis culture (No. 9) and the commercial mixed lactic

starter cultures (Nos. 2, 3, 7, 8, and 10) in preparing buttermilk.

Comparison of pre-acidified cultured buttermilk with commercial

buttermilk . This phase of study was to compare pre-acidified cultured

buttermilk, normal cultured buttermilk (control), and commercial butter-

milk samples. Two cultures were used in this experiment; culture 7 was

a mixed commercial lactic starter culture and culture 9 was S. diacetllactis.
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Culture 7 was chosen from five available mixed commercial lactic starter

cultures as it contained a high concentration of flavor components in

addition to giving a preferred flavor score in the organoleptic evalu-

ation. Culture 9 was selected as it was the only single species lactic

starter culture among six cultures used in the preparation of the experi-

mental buttermilk in the previous study. The control buttermilk sample

and the pre-acidified buttermilk samples prepared with these cultures

were compared in eight different trials with different brands of com-

merical buttermilk obtained in several areas in Kansas.

In the organoleptic evaluation of the control buttermilk and the

pre-acidified buttermilk samples, the most common defects mentioned by

the panel were lacking aroma (Appendix Table 34) and high acid flavor

(Appendix Table 35). The hedonic aroma and flavor scores summarized in

Table 15 show very little difference between the control buttermilk and

pre-acidified buttermilk samples although the aroma of the pre-acidified

samples was preferred over the control samples by a small margin. The

flavor scores for the control and pre-acidified samples also were close

and there was no preference shown as with aroma. The titratable acidity

and pH of the pre-acidified buttermilk varied little from the control

buttermilk. The total volatile acids are an influencing factor in the

flavor and aroma of buttermilk.

The concentration in ppm of the volatile chemical components present

are summarized in Tables 16 and 17. The average acetaldehyde concentration

indicated that the control sample using culture 7 produced more acetalde-

hyde than the pre-acidified sample using culture 7 by approximately 44.5#.

The results also indicated that the control sample using culture 9 produced
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more acetaldehyde than the pre-acidified sample using culture 9 by

approximately 26. 5#. Acetone varied very little among individual

samples and between the control and acidified samples. Although

acetone is not produced by any chemical change during the fermentation

process, a slight variation was noted. This variation could be due to

the addition of HC1 and distilled water to the milk in the preparation

of the samples.

Diacetyl was one of the more important flavor components produced

during the fermentation process and varied only slightly between the

control and pre-acidified samples. No significant pattern could be de-

tected although the buttermilk using culture 7 produced a greater amount

of diacetyl than did the buttermilk with culture 9 in most cases. Since

acetoin is odorless and tasteless, its only importance is in its relation-

ship to the amount of diacetyl since diacetyl is the precursor of acetoin.

In all cases, the amount of acetoin was directly related to the amount of

diacetyl present.

Sixteen commercial buttermilk samples from eight individual com-

panies (two samples each) in Kansas were used as comparison with the

pre-acidified and control buttermilk samples. The results on these

commercial samples are summarized in Tables 18 and 19. In Sample A, the

high concentration of acetaldehyde with the low diacetyl-acetaldehyde

ratio of 0.6il and 2.81I (Table 19) and the green flavor defect reported

by the panel confirmed the report by Lindsay et al. (40) that green flavor

corresponds to a ratio of 3.2il or lower. Sample A-2 had a lower acetalde-

hyde concentration but a high diacetyl concentration indicating a greater
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Table 18. Organoleptic evaluation, titratable acidity,

volftile acids of commercial buttermilk.
PH and total

a
Sample

b m b
Aroma Flavor

Titratable
acidity pH Volatile acids

A-l 4.8 5.8 0.90 4.4 4.08

A-2 4.3 4.5 0.92 4.5 4.13

B-l 5.4 5.5 0.93 4.3 4.08

B-2 3.2 3.7 0.97 4.3 5.48

C-l 4.3 4.8 0.98 4.3 5.20

C-2 4.4 5.0 1.01 4.2 5.83

D-l 2.9 3.4 0.92 4.2 4.58

D-2 4.3 3.0 1.00 4.3 5.12

E-l 3.6 4.3 0.95 4.3 5.54

E-2 4.2 4.8 1.00 4.2 5.12

F-l 3.4 3.6 0.88 4.2 2.11

F-2 3.7 4.6 0.87 4.2 2.44

G-l 4.8 6.4 0.92 4.4 5.09

G-2 3.6 3.8 0.91 4.35 4.86

H-l 3.1 3.4 0.97 4.25 3.87

H-2 3.8 3.3 0.97 4.25 4.60

Letters designate companies
for each company.

and corresponding numbisrs the samples

b
l-7 hedonic scale; 1 - Like very much, 7 - Dislike very much.

Expressed in ml of 0.05 N NaOH.
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breakdown of components, although there was less acetoin as compared

to Sample A-l. The high acetaldehyde, low diacetyl, and high acetoin

of Sample A-l does not correspond to the accepted theory of the path-

way of citric acid metabolism.

A higher ethanol concentration was noted in Sample B-l than in

all others which could be related to the cheesy defect indicated by

the panel. Samples D-l, F-l, and F-2 had a much higher concentration

of diacetyl but less acetoin suggesting an incomplete breakdown of

citric acid in the fermentation process.

Sample G-l was criticized for being rancid by three of the five

judges, but this defect could not be traced to any single component

or any combination of components by gas chromatographic analysis. A

high diacetyl-acetaldehyde ratio of 281.1 il for this sample was noted,

but since D-l also had a high ratio and was not criticized for rancidity,

no relationship could be determined.

As in previous tests, the titratable acidity and the pH (Table 18)

showed little relationship to the organoleptic evaluation. Volatile

acids showed even less influence on the flavor and aroma in this series

of tests so no conclusion could be made.

The results of organoleptic evaluation (Tables 15 and 18) showed

that both the control buttermilk and the pre-acidified buttermilk

varied less in aroma and flavor than the commercial buttermilk. It

also was noted that the pre-acidified samples were preferred in both

aroma and flavor over most commercial samples. In many cases, the aroma

was preferred over flavor in both the pre-acidified buttermilk and com-

mercial buttermilk.
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Less variation in volatile chemical components, titratable acidity,

pH, and volatile acids (Tables 16, 17, and 19) were noted in the experi-

mental samples. Processing techniques of the commercial buttermilk were

not known and no attempt was made to determine the age of the samples.

There was no significant preference for one lactic starter culture

over the other used in the production of buttermilk in this series. How-

ever, there was some preference for the pre-acidified buttermilk over

the control buttermilk using the same culture. The experimentally pro-

duced buttermilk in this study was more uniform in organoleptic evalu-

ation and in the concentration of volatile chemical components as

analyzed by gas chromatography than the commercial cultured buttermilk.

Effect of Pre-Acidification on Rate of
Coagulation by Lactic Starter Cultures

Figures 4 and 5 indicate the changes in the titratable acidity and

pH in the control buttermilk and pre-acidified cultured buttermilk during

incubation. Six commercial lactic starter cultures consisting of five

mixed strains of at least two species of organisms and one culture con-

sisting of a single species (S. diacetilactis) were used for this study.

The average time required for coagulation of the pre-acidified buttermilk

using the five mixed cultures was shortened by 2 1/2 to 4 hours. In the

pre-acidified samples with S. diacetilactis coagulation time was shortened

1/2 hour. The milk used in all the tests had an initial titratable aci-

dity of 0.20JK. This appeared rather high but the added solids could

cause the increase.



61

A FIRM COAGULATION

21-C0NTR0L

-j

]

7r

3

HOURS
6 2j 21+

5^

"^Q

ACIDIFIED

_s: CONTROL

Fig. 4.

8 .-

HOURS
Titratable acidity and pH changes
during coagulation of pre-acidified
cultured buttermilk with culture 9.

20 24



A FIRM COAGULATION

CONTROL

12

HOURS
24

0-

6

:-

CONTROL

ACIDIFIED

4b-

4

Fig. 5.

Q 12

hou:^s
20

Average titratable acidity and pH changes
during coagulation of ore-acidified cultured
buttermilk with cultures 2, 3, 7, 8, and 10.

24



63

Figures 4 and 5 show that a greater amount of acid was produced

by the control buttermilk at the early stages of incubation than by

the pre-acidified buttermilk. However, after about 7 hours incubation,

the rate of increase in acid was about the same. The time required to

coagulate the control buttermilk varied from 13 to 17 hours. The pre-

acidified buttermilk varied from 11 1/2 to 14 hours in the time required

to coagulate the samples. The change in acidity was very small during

the remainder of the 24 to 26 hour holding time.

The pH decreased during the time required for coagulation from an

average of 5.48 to 4.71 in the pre-acidified buttermilk and from 6.58

to 4.78 in the control buttermilk. There also was a small decrease in

these values at the conclusion of the holding time.

Although there was a saving of time, it may not be considered

significant in the total buttermilk production time. However, the

control buttermilk using mixed commercial lactic starter cultures

appeared to have a greater effect on the coagulation time than the

sample using the S. diacetilactis culture.

SUMMARY AND CONCLUSIONS

Organoleptic evaluation of buttermilk was found to be much less

consistent than with other dairy products. There appeared to be a

wider range of flavor preference in buttermilk than in other dairy

products in addition to a lack of recognition of flavor and aroma

defects. This was especially noticeable in the scoring of commercial

cultured buttermilk samples by participants of the Kansas State



University clinic. In many cases, the individual realized there was

a defect in the buttermilk but was unable to identify that defect.

Even with the experienced judges, there was a variation in buttermilk

preference and identification of defects although this was not as

pronounced as with the inexperienced judges participating in the

clinic.

The commercial cultured buttermilk samples were not as consistent

in quality as the experimental samples produced under more controlled

conditions. Variations in processing techniques may be responsible

for the lack of consistency in commercial cultured buttermilk. In

many cases, there were no noticeable differences in the body and

texture between the commercial buttermilk samples and the experimental

samples.

Gas chromatographic analysis was performed on all buttermilk

samples, both commercial and experimental, to determine the concentra-

tion of volatile chemical components which affect flavor and aroma.

Commercial whole milk and skimmilk samples were examined by gas chro-

matographic analysis to determine the volatile chemical components

present before inoculation.

Of the various components indicated by gas chromatographic

analysis, the dlacetyl and acetaldehyde concentrations of the butter-

milk samples varied greatly and generally could be related to the organo-

leptic evaluations. These components are important in the flavor develop-

ment of buttermilk although there was no noticeable relationship between

the diacetyl -acetaldehyde ratio and a harsh flavor defect. The green
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defect was noted and in several instances was related to a high

acetaldehyde concentration which confirmed a previous report that

a diacetyl-acetaldehyde ratio of 3.2»1 or less was a cause of this

defect.

In the studies of buttermilk produced by the normal culturing

procedure and the buttermilk produced by using the pre-acidified

culturing procedure, the lactic starter cultures were shown to have

a greater influence on the organoleptic quality of the buttermilk

than the methods of production. A variation was noted in the con-

centration of each volatile chemical component for each sample. The

titratable acidity and pH appeared to be related more to the lactic

starter cultures used than to the processing methods. However, the

pre-acidified cultured buttermilk samples were often lower in final

titratable acidity and were sometimes criticized by the judges as

being flat or lacking flavor and aroma. Nevertheless, it appeared

that the panelists preferred a flat or milder flavor product and

showed a definite preference for the pre-acidified cultured butter-

milk.

There was a decrease in coagulation time using a pre-acidified

culture procedure but it was not significant in the total buttermilk

production time. Additional study using increased inoculum and a

variation of temperature to further decrease the coagulation time of

the pre-acidified cultured buttermilk appears to be warranted.

The wide variation in quality of commercial buttermilk in this

study indicates a definite need for a more consistent product. Using
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pre-acidification in combination with lactic starter cultures in the

production of buttermilk, a more consistent product was obtained with

a more uniform production of volatile chemical components and a product

that was preferred over commercial cultured buttermilk by organoleptic

evaluation.
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DAIRY PRODUCTS AROMA SCORE CARD

PRODUCT « BUTTERMILK

NAMEs DATEs

your attitude toward the
n the proper space below.

Circle the number which most nearly expresses

product. Check any unusual characteristics ii

Code
A

: Codei
B

Code: Code: Codes Codes Codes Codes

C D E F G H

Like - Very much 1 1 1 1 1111
Moderately 2 2 2 2 2 2 2 2

Slightly 3 3 3 3 3 3 3 3

Indifferent 4 4 4 4 4 4 4 4

Dislike-Slightly 5 5 5 5 5 5 5 5

Moderately 6 6 6 6 6 6 6 6

Very much 7 7 7 7 7 7 7 7

Defecti

High acid

Cheesy

Yeasty

Lack

Misc.

Fig. 6. Aroma
buttermilk.

score card used in organoleptic evaluation of
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DAIRY PRODUCTS FLAVOR SCORE CARD

PRODUCT i BUTTERMILK

NAME: DATEi

Circle the number which most nearly expresses your

product. Check any unusual characteristics in the
attitude toward the
proper space below.

Codei

I

t Code: Codes Codes Codes

J K L M
Codes Codes CodesNOP

Like - Very much 1 1111 1 1 1

Moderately 2 2 2 2 2 2 2 2

Slightly 3 3 3 3 3 3 3 3

Indifferent 4 4 4 4 4 4 4 4

Dislike-Slightly 5 5 5 5 5 5 5 5

Moderately 6 6 6 6 6 6 6 6

Very much 7 7 7 7 7 7 7 7

Defects

i

High acid

Green

Metallic

Stale

Bitter

Cheesy

Flat

Yeasty

Misc.

Fig. 7. Flavor
buttermilk.

score card used in organoleptic evaluation of
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Much investigation has been conducted with lactic starter cultures

used in commercial buttermilk. Most of these cultures consist of a

combination of two or more species of streptococci and leuconostocs or

a mixture of a number of strains of each species which are combined

to produce desirable flavor and aroma characteristics.

Some volatile chemical components present in buttermilk as deter-

mined by gas chromatographic analysis include acetaldehyde, acetone,

ethanol, diacetyl, and acetoin. Acetaldehyde and diacetyl are con-

sidered to be the two most important volatile chemical components

affecting flavor and aroma.

In recent years there has been considerable research into the

direct acidification of milk products. However, very little has been

done using a combination of lactic starter cultures and direct acidifi-

cation to produce buttermilk. Most direct acidification processes have

been used in the production of sour cream and cottage cheese, although

buttermilk produced by this method recently has been placed on the

market. With sour cream and buttermilk, an imitation or synthetic

flavor must be added to produce the desired flavor required in a high

quality product.

The objectives of the present investigation were to determine some

standards for buttermilk and whether an improved quality, a more uniform

product, and a savings of production time could be achieved by pre-

acidification of cultured buttermilk. In this study, five commercial

mixed lactic starter cultures and one single species of Streptococcus

diacetilactis were used. Control buttermilk was prepared by a standard



procedure. The pre-acidified buttermilk was prepared by the combination

of direct acidification and culture procedure. Samples were analyzed

for differences in culture characteristics and were compared with

commercial cultured buttermilk. Organoleptic evaluation by a selected

panel of five members was used to determine flavor and aroma quality

with a 1-7 hedonic scale (1 - like very much, 7 - dislike very much).

Gas chromatographic analysis was performed on all samples to determine

neutral volatile chemical components and their peak heights which were

converted to concentration expressed in parts per million. Titratable

acidity, pH, and total volatile acids also were determined on each

sample and these results were compared with flavor and aroma score

and/or component concentration.

The results of a Kansas State University buttermilk clinic study

consisting of one sample from each of 18 companies and evaluation of

29 additional commercial samples from 13 companies indicated a marked

variation in the quality of buttermilk found on the market today. In

addition to culture differences, these variations appeared to be the

result of the different techniques used in processing buttermilk and/or

handling in distribution channels. It also was evident that the organo-

leptic evaluation of buttermilk lacks the standardization that exists

in judging certain other dairy products and that accurate evaluation is

extremely difficult.

The six different lactic starter cultures studied indicated that

the amount of volatile chemical components produced varied between

cultures, although there was less variation in different trials using



the same culture. A more uniform product with fewer flavor defects

was noted in the pre-acidified cultured buttermilk than in control

and commercial buttermilk samples. The flavor of pre-acidified

cultured buttermilk generally was preferred over the control and

commercial samples with the control samples preferred to the com-

mercial cultured buttermilk. The time saved in the pre-acidified process

varied from 1/2 to 4 hours depending upon the lactic starter culture used

in the preparation of the buttermilk. Using pre-acidification of cul-

tured buttermilk, a more consistent product resulted with a more uniform

production of volatile chemical components than in control and commercial

cultured buttermilk.


