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The Addition of Propionibacterium freudenreichii  to Raclette
Cheese Induces Biochemical Changes and Enhances Flavor
Development
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Two mixtures of Propionibacterium freudenreichii commercial strains were tested as adjunct cultures
in pasteurized milk Raclette cheese to investigate the ability of propionibacteria (PAB) to enhance
flavor development. Cheese flavor was assessed by a trained sensory panel, and levels of free amino
acids, free fatty acids, and volatile compounds were determined. The PAB level showed a 1.4 log
increase within the ripening period (12 weeks at 11 °C). Eye formation, which was not desired, was
not observed in PAB cheeses. PAB fermented lactate to acetate and propionate and produced fatty
acids by lipolysis, branched chain volatile compounds derived from isoleucine and leucine catabolism
and some esters. One of the experimental cheeses received the highest scores for odor and flavor
intensity and was characterized by higher frequencies of detection for some minor notes (“propionic”
and “whey” odor, “sweet” taste). PAB can therefore be considered as potential adjunct cultures to
enhance or modify cheese flavor development.

KEYWORDS: Propionibacterium freudenreichii  ; Raclette cheese; adjunct culture; flavor; volatile com-
pound

INTRODUCTION to improve the development of cheese sensory quafily (
Mesophilic species dfactobacillus which are the predominant
species of nonstarter bacteria, are the most popular cheese
adjunct cultures. The addition of lactobacilli to cheese milk can
have various effects on cheese flavor depending on the species
and strains used, as well as on the type of cheese. Hence,
lactobacilli adjunct can improve cheese flavor in some cases,
although they can also lead to the formation of atypical flavors
or indeed have no significant effec3)( Besides lactobacilli,
other microorganisms have also been proposed as adjunct
cultures, such aBnterococcusPseudomonas, smear bacteria,

Most cheese types develop their characteristic flavor during
ripening through the gradual breakdown of carbohydrates, fats,
and proteins. Microorganisms and their enzymes play a major
role in these biochemical changes. They include starter bacteria,
adjunct “starters”, and nonstarter microflora. The primary
function of starters is to ensure consistent acid formation during
cheesemaking. Adjunct starters include lactic and nonlactic
microorganisms added to specific cheese varieties to perform
various functions such as openirigr¢pionibacterium freuden-
reichii in Swiss cheese) and rind formatioBrévibacterium el
linens in smear-ripened cheeses). Nonstarter microflora can Y€@sts (3), ané. freudenreichii(4).
originate from the milk, especially if raw milk is used, or from P. freudenreichiis commonly used as an adjunct starter in
the cheesemaking environment and can also contribute to theSwiss type cheeses, a variety of cheeses with characteristic round
development of cheese flavor. Cheeses made from raw milk “eyes” (5) such as Emmental and Maasdam cheeses, where this
generally have a more intense flavor than pasteurized or Species grows during the ripening and constitutes one of the
microfiltered milk cheesesl], thus stimulating the interest in  major microflora ). Propionic acid bacteria (PAB) are involved
the development of adjunct cultures for addition to pasteurized in the formation of the characteristic flavor and opening of this
milk for cheese flavor enhancement. variety of cheeses, via the fermentation of lactate to ethanoate

Adjunct cultures have been defined as selected strains of (acetate), propanoate (propionate), anc G Because of their

cheese-related microorganisms that are added to the cheese milRbility to produce a high amount of GOPAB can also be
involved in undesirable fermentation reactions and defects

* To whom correspondence should be addressed. Tel: 33(0)2 23 48 53 0bserved in several varieties of hard and semihard cheeses, such

37, 'L:Ja'\;l(R 31?5(%2823 48 53t5T0- E-mla”i_ agnelithitergyd@rr’egne?.inra.fr. as Comté and Italian cheeses (8—10). As a result, PAB have
tUMR 782 Gé‘,’{i”g? l\ﬁicrgt?io?c?gci)«glgesuPr'g%se A"%en&’ré& rarely been tested for use as adjunct cultures in cheese. However,
8 Standa-Industrie. P. freudenreichiiNCDO 853 has been successfully used in
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experimental Cheddar cheese manufacture. Cheeses containingNA fingerprints using pulsed field gel electrophoresis (PFGE). To
PAB received better flavor and texture scores than the control this end, 40 isolates were picked from the LGA plates obtained from
cheeses4). In ultrafiltered milk cheese, the addition &. samples of cheeses A and B at 10 weeks of ripening. DNA samples
freudenreichiicells did not modify the levels of proteolysis but ~ Were prepared according to Gautiar7}, from the isolates grown in
induced an increase in some volatile compourtiy).(Intra- yeast extract—lactate medium. DNA samples were digested foat
cellular crude extracts of PAB were also added to ultrafiltered 37°C using the restriction enzymebiil (Eurogentec, Liege, Belgium).

. . . Restriction fragments were separated by electrophoresis for 20 h at
milk cheese and to Ras cheese. In ultrafiltered milk cheese, the,gq v and 14°C in a 1% agarose gel, with a pulse time of20 s

addition of PAB extracts did not significantly modify either the using a Chef DRIl system (BioRad, Richmond, United Kingdom).

level of proteolysis or the profile of volatile compoundsl}. PFGE patterns were visually compared. A size marker was loaded in

In Ras cheese, the addition of PAB extracts increased the degreghree lanes per gel to facilitate comparison.

of proteolysis and the intensity of flavor and bitterness, in  Compositional Analysis.Samples were taken at 6 and 12 weeks of

comparison to the control cheese (12). ripening for triplicate determination of (i) moisture, by oven drying at

The aim of this study was to test the ability Bf freuden- ~ 102°C for 7.h (18); (ii) fat, by butyrometry (9); (iii) sodium chloride,

reichii to enhance the flavor of pasteurized Raclette cheese, aP Potentiometry (20); and (iv) pH, measured on grated cheese with a
. - L . InLab423 pH combination microelectrode (Mettler Toledo SA, Viroflay,

semihard cheese. This cheese was originally exclusively manu-France)

factured in the Swiss mountains from raw milk, but it is now '

| | d df ized milk in ind ial ol Organic acid analysis and amino acids were determined at 6 and 12
argely produced from pasteurized milk in industrial pladi3)( weeks of ripening, as follows: a 20 g sample was homogenized with

40 g of distilled water by mixing for 2 min at 20500 rpm using an
MATERIALS AND METHODS Ultraturrax blender (Janke & Kunkel, Staufen, Germany). Homogenates
were incubated fol h at 40°C, prior to centrifugation at 36@0for
Cheese Manufacture. Raclette cheeses were produced in an 30 min at 4°C. The supernatant was then filtered on Whatman 40
industrial plant according to the usual cheesemaking process, usingdfilters and diluted with the same volume of 0.005 M3, before
16000 L vats of pasteurized milk. Direct vat set cultures of homofer- filtering on 0.45um pore diameter membranes (Whatman). Lactic acid,

mentative mesophilic lactic acid bacteriga¢tococcus lactisubsp. acetic acid, and propionic acid were determined by high-performance
lactis and cremoris) were added (5075 g per 1000 L) during milk liquid chromatography on an Aminex A-6 ion exchange column (Bio-
storage. Milk was heated to 3Z and inoculated by actobacillus Rad, Hercules, Ca) at 5% with 0.005 M HSO, as the eluent at a
helveticusand two mixtures of lyophilizedP. freudenreichiistrains, flow rate of 1.0 mL min!. Both UV (210 nm) and refractometric

consisting of commercial strains (PAL/ITG, from Standa Industrie, detectors were used. For amino acid analysis, 803 mg of sulfosalicilic
Caen, France) and TL strain (from the collection of the laboratory acid was added to 10 mL of cheese homogenate supernatant. The
Science et Technologie du Lait et de I'Oeuf, INRA, Rennes, France), mixture was incubated fal h at 40°C and centrifuged at 36@0at 4
were used as adjunct cultures in experimental cheeses (coded A and’C for 15 min. A 400uL amount of supernatant was diluted with 1600
B) at an overall level of 1.6« 10° cfu (colony-forming unit) mc? of uL of 0.2 M lithium citrate buffer, pH 2.2, before filtering on 0.48n
cheese milk. In cheese A, the adjunct was a mixture of four strains, pore diameter membranes. Amino acids were analyzed using an amino
PAL/ITG P10, PAL/ITG P18, PAL/ITG P20, and TL162, inoculated acid analyzer (AlphaPlus serie 2, Pharmacia, Uppsala, Sweden). All
at 4.1 x 10° cfu mL™? each, while in cheese B, the adjunct was samples were analyzed in duplicate.
composed of three other strains, PAL/ITG P9, PAL/ITG P19, and  Free fatty acids and neutral volatile compounds were analyzed at
TL160, 5.5x 10° cfu mL™™. All of these strains were chosen because 12 weeks of ripening. Free fatty acids (fromd3o Cys:9) were extracted
they have been shown to be salt resistdr}) (E. Roussel, Standa  using ether/heptane (50:50, v/v) at acidic pH, separated from fat on an
Industrie, personal communication). As no data were available on the aminopropyl column, and analyzed by gas chromatography (GC)
ability of these PAB strains to grow at low temperature under conditions according to the method of De Jong et &l1). 2-Methylbutanoic acid
that are far from their optimal growth conditions (11 vs°&), mixtures and 3-methylbutanoic (isovaleric) acid were coeluted by this method
of strains rather than pure cultures were used to maximize the likelihood and are referred to as “methylbutanoic acids” in the present study.
of observing the growth of at least one strain of PAB in Raclette cheese. Neutral volatile compounds were detected by dynamic headspace GC-
Traditional rennet (520 mgL* chymozyne) was added (4 L per 16000 MS analysis. Before analysis, cheese samples were thawed@t 4
L) at 32°C and at pH 6.556.60. A control batch of cheeses was  and cut into cubes (2.5 mm 2.5 mmx 2.5 mm), which were mixed.
manufactured under the same conditions using the same milk, without A 20 g sample was homogenized with 80 g of refrigerated solution of
added PAB (cheese C). Cheeses were salted by immersion in a NaCl0.5 M sodium citrate, by mixing for 2 min at 20500 rpm using an
saturated brine at 1ZC for an average of 24 h, with variation of-3 Ultraturrax blender. A 7 gample of this cheese homogenat® (05
h due to the brining device used (the cheeses entering the salt bathy) was used for each headspace GC-MS analysis. All samples were
first were the last to be removed). The resultant cheeses were ripenedanalyzed in duplicate. Volatile compounds were trapped on a Vocarb
at 11°C for 12 weeks. One cheese was used for sampling at each 3000 trap (Supelco, Bella Fonte, PA), thermally desorbed at°250
ripening time point. Some previously obtained data showed that there and cryofocused at-100 °C before being injected into a HP5890
was only low variability in cheese gross composition within the cheeses (Hewlett-Packard) gas chromatograph-HP5972A quadrupole mass
from the same batch (e.g50.5% for dry matter and fat), except for  spectrometer (GC-MS). Volatiles were separated on a HP5 capillary
NaCl (up to 25% of difference, due to the variations in brining time). column (60 mx 0.32 mmx 1.0 um film thickness) and ionized by
The inner part of the cheese was aseptically sampled for microbiological electronic impact, as previously describ€@)( Twenty-seven volatiles
analyses after brining (3 days) and at 6, 8, 10, and 12 weeks of ripening, were identified by comparison of mass spectra and retention times with
to follow PAB growth throughout the ripening. Samples were also taken those of authentic standards purchased from Sigma-Aldrich (St. Quentin
from middle-aged (6 weeks) and ripened (12 weeks) cheeses for Fallavier, France) and from Extrasynthése (Genay, France). The other
biochemical analyses and were frozen-0 °C until use. volatile compounds, for which standards were not available, were
Microbiological Analyses.The outer part of the cheese samples (4 tentatively identified on the basis of mass spectral data from the
cm under ring) was discarded, and 20 g of cheese was dispersed inHewlett-Packard Chemstation NIST 75K mass spectral Database. Peaks
180 g of a 2% sodium citrate solution, homogenized, diluted with were quantified by the areas of the total ion current (TIC) or of selected
peptone saline solution, and plated on specific media. The presence offragments (m/z) in the case of two coeluted compounds. Nineteen
contaminating nonstarter lactobacilli in experimental cheeses was neutral volatile compounds were quantified using an external calibration
checked on facultative heterofermentative lactobacilli agar (15) incu- method based on the addition of standards to cheese homogenate, to
bated at 37°C anaerobically for 3 days. PAB were enumerated on avoid the approximations related to the commonly used internal standard
lithium—glycerol agar (LGA) 16) incubated at 30C anaerobically calibration (23). We used the regression curves that we previously
for 6 days. The strains that grew in cheese were identified by their obtained using spiked Emmental cheese homogef4)e és Raclette
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and Emmental homogenates have the same fat cont&n8 g kg) Table 1. List of the Odor and Flavor Descriptors Used by the
and a close dry matter content12.5 and 11.8 g kg, respectively,  assessors to Describe the Odor and the Aroma of Raclette Cheese
in Emmental and Raclette cheese homogenates).

Six high purity chemicals (3-methylbutanal, 3-methylbutanol, ethyl family descriptors?
propionate, ethyl butanoate, 2-heptanone, and dimethyl disulfide), —|4ciic acetaldehyde butter fresh milk
purchased from Sigma-Aldrich, were used as external standards. Stock blue cheese fresh cream whey
solutions of standard compounds were prepared in high purity (99.8%) boiled milk
methanol at concentrations of-Z mg g and stored at-20 °C. floral floral honey
Amounts of each stock solution were used to prepare a standard mix fruity apricot/peach lemon pineapple
containing 50—110Q«g g=* of each standard compound. An aliquot hazelnut pear walnut
(~15 mg) of standard mix was accurately weighted and used to spike Vegetable cabbage (cooked) mushroom straw
a 35 g sample of control cheese homogenate, resulting in final g?rhc onlo? (cooked) wet gox
concentrations of 10602200ug g * cheese. Seven additional calibration ﬁ;;,ss Pgsiio woo
standard solutions were prepared by further dilution (weight to weight) spicy clove nutmeg pepper
of the spiked cheese homogenate in blank cheese homogenate, to obtain cumin
eight different concentrations covering the following ranges:—1.@&0 toasted bread crust coffee oily?
(dimethyl disulfide), 1.4—180 (3-methylbutanal), 8—1000 (2-hep- burnt malty toasted?
tanone), and 172200 (ethyl propionate, ethyl butanoate, and 3-me- caramel
thylbutanol) ng g* cheese. Six compounds were quantified from the ~ animal animal shed sweat socks
regression curve of the corresponding standard. Thirteen other com- meat broth .
pounds were quantified from the regression curves of a standard having others :ﬁgfm ?r?all(r%aceutical rszz)r;%d
the same chemical function and a close molecular mass as follows: ammoniac plastic sulfurous
2-propanol, 1-propanol, 2-butanol, 2-methylpropanol, 1-butanol, and butyric propionic yeast
2-methylbutanol from 3-methylbutanol; 2-methylbutanal from 3-meth- ground putrid

ylbutanal; n-propyl acetate from ethyl propionate; propyl propionate

and propyl butanoate from ethyl butanoate; 2-pentanone and cyclo-  aprench terms were translated according to Bérodier (37). Some descriptors

pentanone from 2-heptanone; and dimethy! trisulfide from dimethyl yere not described and were tentatively translated as follows: moldy (cave), wet

disulfide. box (buis mouillé), yeast (levure de boulanger), sweat socks (pied), ground (terre),
Flavor AssessmentSensory evaluations of ripened cheeses were and grass (herbacé).  Oily and toasted were used only for “hot evaluation” (see

performed by Les Maisons du Godt (Bourg-en-Bresse, France). A panel Materials and Methods).

of 21 highly experienced trained assessors participated in the sensory

analysis. All panelists were selected for their ability to memorize various

odor and flavor descriptors, trained over 10 sessions to recognize the . o2

presence of these descriptors for many types of cheese, and retraine&heesgS .(‘]F Clément, personal cc_;mmumcatnon). .

and controlled at least every 2 weeks. The cheeses were evaluated in Statistical Analyses.Concentratlo_n _data of dupllcate analyses of

duplicate by each assessor, at 1 week intervals (after 12 and 13 week&ach compound were used for statistical analysis. One way analyses

of ripening, respectively). Cheeses were coded with randomly selectedmc variance (ANOVA) was perfgrmed by using Fhe Genera] Linear

three digit numbers for presentation, and the order of tasting was Model proced_ure of Statgraphlc_:s Plus (Statistical Graphlc Corp.,

balanced. On the day of assessment, the outer layer of cheese (5 mmj-n9lewood Cliffs, NJ) to determine the effect of the additionFof

was discarded. Samples20 mmx 20 mmx 50 mm) were presented reudenreichii (mixture A or B) on the concentration data of each
in disposable flasks and were allowed to warm t8@For 1.5 h before compound. The Fisher’s least significant difference (LSD) test was used

evaluation (referred to as “cold evaluation”). As Raclette cheese is © c:%termlnle v‘hgh mealzjstwere S'g”"lc'ca”d“)t: d'ﬁ?re'lltlzazt aﬂ95%
traditionally consumed in a melted form, samples were also served hot COMA€NCE [EVEL. Sensory data were analyzed by using software.
after being heated at 20 for 5 min in glass ramequins without a The ability of qdor apd flavor |_nten3|ty scores to discriminate between
cover and then for 1 additional min with an aluminum foil cover to Cheeses was investigated using one way ANOVA for both types of

concentrate odors (referred to as “hot evaluation”). All assessments eva:;;atu()jn (cold andhhot: evaluations). T_he_f[\lewrlna(;]_;Keuls testgv;gs
were conducted in individual booths under conditions complying with used to determine which means were significantly ditferent at a °

French standard for the design of test rooms (AFNOR NF V09.105) confidence level. For each odor/aroma descriptor having a perception
. . frequency over 10% for at least one cheese, the ability of the frequency

Assessors were also provided with water and bread to cleanse their f this d intor to discriminate betw h . tigated usi
palates between tasting. Cheese odor (nasal perception) and flavoP! IS descriptor o discriminate between cheeses was investigated using

2
(retronasal perception) intensities were rated using a 10 cm undif- ay” test
ferentiated scale anchored at both ends with extremes of the intensities
(0 = none and 10= intense). Four descriptors were used to describe RESULTS

the taste of cheese. Fifty-three descriptofal{le 1) were used to o -
describe the odor and the aroma of Raclette cheese in cold evaluation. Cheese Gross CompositioriThe gross composition of the

These descriptors were chosen from lists of descriptors most frequentlyCheeses did ngt S|gn|f|pantly differ between the three cheeses
reported in the published literature about cheese. Pure chemical@nd Was consistent with the expected values. At the end of
compounds chosen among those present in cheese (45 varieties) anfiPeNing (12 weeks), cheeses contained 99 15% total solids,
reminiscent of each descriptor were used in training. Two additional 48.7 £ 1.2% fat in dry matter, and 57.% 1.8% moisture in
descriptors were selected for use during hot evaluation of cheese:nonfat cheese. The pH increased from 5430.04 (at the end
toasted and oily. For each of these descriptors, the assessors indicatedf brining) to 5.53+ 0.04 at the end of ripening. The NaCl
whether the corresponding odor, aroma, and taste were perceived olconcentrations slightly differed between cheese samples, with
not, allowing a frequency of perception (number of “presence” \3jues of 27.0+ 0.1, 21.54+ 0.2, and 26.3+ 0.1 g kg%,

responses out of the total number of responses, i.e., 21 assesgors respectively, for cheeses A, B, and C, which corresponded to
replicates= 42), expressed as a percentage, to be calculated. Data were

~in- i 0, ~in-
collected and analyzed using FIZZ software (Biosystemes, Couternon,vah.JeS of salt-in T“O'S“"e of 6'.7’ 5.3, and 6.5% of salt n
France). moisture, respectively. These differences can result from dif-

This method of sensory evaluation was devised by Les Maisons du ferences of brining times, which ranged from 18 to 27 h between
Godt to show a maximum of odor and aroma notes, whereas classicalcheese batches.

quantitative sensory evaluation considers only a limited number of odor/ ~ Growth of Propionibacteria and Nonstarter Bacteria. In
aroma descriptors. This method proved useful to compare the impactboth experimental cheeses, PAB were 8.5 cfu per g cheese

of different starters or to show the sensory particularities of PDO
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Table 2. Growth of Propionibacteria in Raclette Cheeses Inoculated (A 150 50
and B) or Not (C) with P. freudenreichii as Adjunct Culture
ripening time cheese A cheese B control cheese (C) 40 |
3 days 8.5 % 10 8.5 10 ND? ‘; 2‘ acetate propionate
6 weeks 4.9 x 107 5.2 x 107 3.0x10% = 100 = =
8 weeks 3.0 x 107 5.4 x 107 3.6 x 102 g £
10 weeks 1.2x108 1.1x 108 3.0 x 10° £ g 30 4
12 weeks 2.0 x 107 1.5 x 108 ND < @
= e
aNot determined. o 2 20
|
50 g
Table 3. Identification of P. freudenreichii Strains Present in Two i
Experimental Cheeses Inoculated with P. freudenreichii as Adjunct T 10
Culture at 10 Weeks of Ripening? 3
<
no. of isolates counts
cheese strains (percentage) (cfug™ 0 0
cheese A TL162 18 (53) 6.4 x 107 wks:6 12 wks:6 12 U
P18 9(26) 32100 Figure 2. Concentration of lactate, acetate, and propionate at two st
P20 6 (18) 21 % 107 igure 2. Concentration of lactate, acetate, and propionate at two stages
P10 103) 3 x 106 of ripening in Raclette cheeses inoculated (A, thin hatched bars; B,
total 34 (100) 1.2 x 108 horizontal hatched bars) or not (C, solid bars) with P. freudenreichii. Bars
cheese B P19 19 (50) 5.7 % 107 and error bars show the means and the standard deviation of duplicate
TL160 15(39) 45 x 107 analyses
P9 4(12) 1.2 x 107 '
total 38 (100) 1.1 % 108

the strain TL162 reaching the highest populations. The three

aThe initial counts of each strain (after brining) were 2 x 108 and 3 x 105, Stra_ms inoculated grew.m cheese B, but strain PAL(lTG P9
respectively, in cheeses A and B. achieved lower populations than the two other strains. The
differences of behavior of PAB strains could not be explained
by the known data about the strains used. For example, PAL/
ITG P9 was one of the most salt resistant in mini Swiss type
cheese but showed the slowest growth in Raclette cheeb#)B (
Other factors, such as temperature of ripening, could also have
induced variations in growth between strains.

Propionic Fermentation. The fermentation of lactate to
acetate and propionate occurred in cheeses A and B and was
concomitant with PAB growthi-igure 2 shows the concentra-
tions of these acids in the three cheeses at 6 and 12 weeks of
ripening. The concentrations of lactate decreased in all of the
cheeses during the ripening but was more marked in both
experimental cheeses than in the control cheese. About 4 mmol
kg~ propionate was detected after 6 weeks of ripening in both
experimental cheeses. At week 12, the concentration of propi-
onate was 10 and 34 mmol kY in cheeses A and B,
respectively, whereas the propionate level remained undetectable
in the control cheese C (Figure 2The production of propionate
and acetate in experimental cheeses from week 6 to week 12
of P. freudenreichii. Lanes 1, 5, and 10, TL size standard; lanes 2—4, 6, was c_ompared_ t_o those that COL.”d be predicted f_rom Fitz's
and 7, isolates from cheese A, identified as TL162; lane 8, TL162; and equation describing PAB metabolism (2 mol of propionate and
lane 9, ITGP10. 1 mql of acetate for 3 mol of lactate). In cheese B, 31 mol of

propionate and 9 mol of acetate were produced for 57 mol of
lactate consumed-{gure 2), whereas the production of acetate
at day 3 and grew to 1. 10° cfu g~* at 10 weeks of ripening ~ and propionate in cheese A was markedly lower than those
(Table 2). The microbial development somehow differed in expected from lactate consumption. It is likely that the observed
cheeses A and B after 10 weeks of ripening. In cheese A, the concentrations result from metabolism by various microflora,
PAB population showed a 0.8 log decrease from week 10 to including surface microflora. It should also be noted that the
week 12, whereas it slightly increased in cheese B, reachingvalues observed for duplicate analyses varied by up to 30% due
1.5 x 10° cfu g! at 12 weeks of ripeningT@ble 2). In the to coelution phenomena.
control cheeses, the contaminating PAB remained below 3 Free Amino Acids. The presence of PAB did not signifi-
10 cfu g~ throughout ripening. In all cheeses, nonstarter lactic cantly affect the total amount of free amino acids in cheeses,
acid bacteria were not detectable at 6 weeks and ranged from 2which showed average concentrations of £.0.88 g kg at
x 10Pto 7 x 10° cfu g1 by the end of ripening. The results of 6 weeks and 9.7 0.63 g kg! at 12 weeks of ripening. As the

Figure 1. PFGE separation of Xbal restriction fragments of genomic DNA
from five of the 34 propionibacteria clones isolated at 10 weeks of ripening
from Raclette cheese A. This cheese contained a mixture of four strains

the identification of PAB strains are summarizedTiable 3. values for duplicate analyses differed by 5%, only differ-
An example of PFGE patterns obtained for five clones isolated ences above 30% between cheeses were considered as signifi-
from cheese A at 10 weeks of ripening is givenHigure 1. cant. Hence, cheese B contained less Asp, Asn, and more

Three out of the four strains inoculated grew in cheese A, with y-amino-butanoic acid (gaba) than the control cheese C (86 and
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Figure 3. Free amino acids at 12 weeks of ripening in Raclette cheeses inoculated (A, thin hatched bars; B, horizontal hatched bars) or not (C, solid
bars) with P. freudenreichii. The values for duplicate analyses did not differ by more than 15%. Differences above 30% between experimental and control
cheeses are marked with * and are considered as significant.

1000 mixture of positional and geometric isomers of CLA, including

= the main isomer (rumenic acid,§», 9-cis, 11-trans), which

generally makes up to80% of the total CLA in dairy products

(25). Apart from the fatty acids resulting from fat hydrolysis,

! methylbutanoic acids (3-methylbutannoic and 2-meth-

‘ ylbutannoic acid), which originate from the catabolism of
branched chain amino acids leucine and isoleucine, respectively,

|‘ were also detected. The concentrations of methylbutanoic acids

|

!

|

2]
(=]
o

o
o
o

400

were significantly higher in cheeses A and B than in the control
cheese (Figure 4).

Free fatty acids, mg kg
S
(=]

: o il Volatile Compounds. The main volatile compounds in the

2
L

=1

N N O U D three Raclette cheeses and the results of one way ANOVA are
& 3 "5“ 5 5 E E E g 3 g E &) reported inTable 4. Nine alcohols, three aldehydes, seven esters,
10 ketones, and two sulfur-containing compounds were identi-
Figure 4. Free fatty acids in Raclette cheeses inoculated (A, thin hatched fied. The concentrations of 16 of these volatiles were signifi-
bars; B, horizontal hatched bars) or not (C, solid bars) with P. freudenreichii cantly affected in the presence of PAB (Table 4). Except for
at 12 weeks of ripening; brCso, 2-methyl- plus 3-methylbutanoic acids; ethanol and pentanol, which showed similar concentrations in
CLA, conjugated linolenic acid. The values for duplicate analyses did not the three cheeses, alcohol concentrations were significantly
differ by more than 10%. increased in cheese B and, to a lesser extent, in cheese A, as
compared to the control. The level of 1-propanol was increased
39% less and 36% more, respectively), whereas cheese A20-fold in cheese A and 93-fold in cheese B, which also
contained less Asp than cheese C (79% le$syufe 3). contained the highest levels of the corresponding propyl esters.
Regardless of which cheese, five amino acids (Phe, Leu, Glu, Two branched chain alcohols, 3-methyl-1-butanol and 2-methyl-
Lys, and Val) accounted for about 50% of the total free amino 1-butanol, were also detected at significantly higher concentra-
acids detected. In addition to the amino acids originating from tions in experimental cheeses than in the control chekelal¢
casein, all cheeses contained gaba, deriving from Glu decar-4). Five of the seven esters detected were present at significantly
boxylation, and citrulline (Cit) and ornithine (Orn), two products higher concentrations in cheese B: three propyl esters, ethyl
of Arg catabolism. butanoate, and ethyl propionate. The increase in propyl ester
Free Fatty Acids. The concentrations of all free fatty acids concentration in cheese B can be related to the increase in
derived from lipolysis were 25-fold higher in the experimental ~ concentration of the corresponding alcohol (1-propanol), whereas
cheeses than in the control cheese (C) at 12 weeks of ripeningthe increase in ethyl ester can be related to the increase in
The highest concentration of total free fatty acids was observed concentration of the corresponding acids (propionate, butanoate)
in the experimental cheese B (2.93 gkgs compared to 1.69  in this cheese, in comparison to the control cheese. Regarding
and 0.88 g kg, respectively, in cheeses A and Gidure 4). the other volatile compounds, no obvious clear-cut effect of PAB
The levels of the short chain fatty acids showed the highest adjuncts could be identified on the concentration of ketones,
increase in the presence of PAB, with butanoic acid concentra-although PAB B seemed to slightly increase the formation of
tions of 27, 77, and 155 mg kg, respectively, and hexanoic = methyl-ketones (2-pentanone and 2-heptanone). In contrast, PAB
acid concentrations of 10, 40, and 62 mg kgespectively, in B adjuncts decreased the concentration of the two sulfur-bearing
cheeses C, A, and B. In addition, the concentrations of aroma compounds detected in Raclette cheeses, dimethyl
conjugated linolenic acid (CLA) were 4.4-fold higher in the disulfide and dimethyl trisulfide (Table 4).
experimental cheeses than in the control cheese (22, 22, and 5 Sensory AssessmenfThe results of intensity of odor and
mg kg1, respectively, in cheeses A, B, and C). The CLA peak flavor, averaged across assessors and replicates, as well as the
corresponded, under the chromatographic conditions used, to aesults of one way ANOVA are shown ifable 5. For both

C4:0
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Table 4. Volatile Compounds of Three Raclette Cheeses Inoculated (A and B) or Not (C) with P. freudenreichii as Adjunct Culture Extracted by

Head Space GC-MS at 12 Weeks of Ripening

concentration in cheese® odor threshold
RI compound? A? B? C state value (ng g~
482 ethanol® 545.3 429.7 415.8 0.269
499 2-propanol 11.7a 28.7b 129a <0.001 15000001
551 1-propanol 177.2b 8175¢ 88a <0.001 800000t
581 2,3-butanedione® 10.0 6.4 9.9 0.062
590 2-butanone® 25.7 25.3 21.0 0.313
597 2-butanol 29a 11.7b 53a 0.005 16000t
609 ethyl acetate® 47 6.5 4.6 0.256
622 2-methyl-1-propanol 700 7.0b 47a 0.058 200000!
647 3-methylbutanal® 2.3 11 35 0.142
653 3-methyl-2-butanone® 0.7 0.6 0.6 0.412
657 2-methylbutanal 20b 6.2¢c 03a <0.001 1250,140-130,2130°
657 1-butanol 58a 25.1b 105a 0.039 200000, 5002
680 2-pentanone 27.0 ab 32.9b 19.3a 0.048 30000,1 5003
688 2,3-pentanedione®* 15 0.9 1.0 0.085
705 ethyl propionate’ 32b 113¢ <04a <0.001 4,9-9.9
708 n-propyl acetate 14b 28¢ <04a 0.028 unk
727 3-methyl-1-butanol® 217.3b 148.0 ab 413a 0.046 300-4750,2 32003
732 2-methyl-1-butanol 19.3b 1029¢ 29a <0.001 65000, 5500, 6250°
733 4-methyl-2-pentanone$ 17 12 13 0.217
741 dimethy! disulfide’ 56.4 ab 175a 101.5b 0.032 1202
747 3-methyl-2-pentanone® 1.3 0.9 13 0.660
761 1-pentanol® 05 0.2 0.5 0.312
782 2-hexanone® 0.5ab 06b 03a 0.092
796 cyclopentanone” 10b 0.6a 0.6a 0.040 unk
792 ethyl butanoate’ 9.0a 165b 114a 0.008 400,10.13-450,2 16°
801 propy! propionate <0.2 15 <0.2 <0.001 unk
883 2-heptanone’ 11.8ab 18.0b 93a 0.071 2000, 140-3000, 700°
887 propyl butanoate <0.2 17 <0.2 0.002 unk
894 heptanal® 0.3 <0.1 0.3 0.103
958 3-methylbutyl propionate® 0.9 0.4 0.1 0.123
973 dimethy! trisulfide” 76¢ 20a 38b 0.002 0.13

R, retention indices. ? Volatiles were identified by comparison of mass spectra and retention times with those of authentic standards. Four compounds marked with
* were tentatively identified by comparison of mass spectral data with those of the NIST 75K database. ¢ Volatiles were quantified by TIC excepted for 2-methyl-butanal and
1-butanol, for which the selected fragments 56 and 57, respectively, were used. Values are means of duplicate analyses and are expressed in ng g, except for 12
compounds marked with $, expressed in arbitrary units. Six compounds were quantified by a regression curve obtained using authentic standards (marked with 1), and 13
other compounds were quantified using the regression curve of a closely related standard, as described in the Materials and Methods. Values in the same row with the
same letter do not significantly differ by LSD test (o < 0.05). @See Table 2 for a description of PAB cultures added in cheeses A and B. € Results of the analysis of
variance: probability of F-test. Values below 0.05 are in bold. fFlavor threshold, given for compounds showing a significant difference in concentration in the presence of

propionibacteria, evaluated in: 1, beer; 2, water; 3, milk; from refs 35 and 38-40; unk, unknown.

Table 5. Results of ANOVA on Intensity of Odor and Aroma of Three
Raclette Cheeses Inoculated (A and B) or Not (C) with P.
freudenreichii, Evaluated at Room Temperature (at 20 °C) or after
Heating (at 200 °C)

means (standard deviations) of
odor and flavor intensity scores?

samples cheese A cheese B cheese C p

not heated  odor 5.63(1.79)b 4.84(1.74)a 0.016

flavor  4.93(1.97)a  556(1.74)b 564 (1.37)b  0.025
heated odor  4.82(1.84)ab 537(1.84)b 443(1.78)a 0.011
@b (184)b (142)a

5.55 (1.44) b

flavor  5.05 (1.77 5.33(1.84 4.57 (1.42 0.007

aScores on a 0 (none) to 10 (intense) scale. Values are means of 42
assessments (21 assessors, duplicate evaluations). Values in the same row with
the same letter were not significantly different according to the by Newman—Keuls
multiple comparison test (o < 0.05).

30 odor and 29 aroma descriptors were found with a frequency
of over 10% during cold evaluation vs only 20 and 23,
respectively, during hot evaluation (data not shown). Regardless
of the evaluation conditions (cold/hot), the descriptors most
frequently used to describe the odor and the aroma of cheeses
were boiled milk, butter, and, to a lesser extent, bread crust.
The aroma and the odors of unheated cheeses were also
described with descriptors related to milk (fresh milk, whey),
vegetable (hay, straw, grass), floral (apricot/peach), and animal
(shed, animal) descriptors. Terms more frequently used to
describe heated cheeses were related to toasted (bread crust,
oily, toasted) and vegetable (straw, cooked onion, hazelnut).
The four taste attributes used (salty, sweet, acidic, and bitter)
reached high scores for all cheeses. The results presented in
Tables 6 and 7 contain data for 18 of the 55 odor/aroma
descriptors used in this study that achieved frequene3%

for at least one cheese. Cheeses significantly differed in the

cold and hot evaluations, cheese B received the highest scorefrequency of only a few descriptors. Most differences were
for odor and flavor intensity. The scores received by cheese A observed for cold evaluatioféble 6). Cheese B was charac-

were more variable and difficult to interpretgble 5).

terized by having a propionig@(= 0.03) and wheyg = 0.05)

Forty out of the 55 odor/aroma descriptors used to describe odor and a sweet tastp & 0.01) as compared to cheeses A

the flavor of Raclette cheeses were cited at a frequeridd?o,

and C. At lower levels of significance, cheese B also differed

at least for one type of evaluation (odor/cold, odor/hot, aroma/ from the other cheeses by a grass=p0.07) and hay (p=
cold, and aroma/hot). The odor and aroma were perceived as0.15) odor. Cheese A was characterized by having a more floral
more complex when cheese samples were evaluated cold. Hencegdor (p= 0.005) and animal odop(= 0.20) and aromap(=
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Table 6. Results of Descriptive Analysis of Flavor of Three Raclette
Cheeses Inoculated (A and B) or Not (C) with P. freudenreichii,
Evaluated at Room Temperature (20 °C)?

odor flavor
family descriptors A B C p A B C e
lactic fresh milk 19 33 26 033 17 10 17 0.56

boiled milk 50 41 55 041 38 47 47 0.60
fresh cream 14 5 17 020 14 21 5 0.08

butter 52 52 48 083 60 55 43 0.29
whey 21 45 29 005 29 26 19 0.58
blue cheese 100 0 2 007 7 5 5 ND
vegetable  grass 10 29 17 007 7 10 19 0.20
hay 7 21 12 015 7 5 14 0.27
onion (cooked) 14 7 12 058 14 17 5 0.20
straw 7 17 17 034 14 19 21 0.70
fruity/floral ~ apricot/peach 24 14 12 030 12 10 O 0.08
hazelnut 17 14 12 082 14 14 19 0.79
lemon 10 19 10 032 19 12 12 0.56
floral 24 2 7 0005 5 2 2 ND
toasted bread crust 26 17 12 022 21 12 12 043
animal shed 26 21 10 013 14 17 14 0.51
animal 19 7 10 020 14 2 7 0.13
others propionic 0 12 2 003 10 5 7 0.70
rancid 7 10 2 040 7 12 2 0.24
tastes salty 45 33 52 0.20
sweet 36 57 17 0.01
acidic 36 33 48 0.36
bitter 57 60 71 0.35

2Values are perception frequencies, expressed as percentage [number of
presence responses divided by the maximal number of responses, i.e., 42 (21
assessors, duplicate evaluations)]. © Probability of %2 test. Values below 0.05 are
in bold.

Table 7. Results of Descriptive Analysis of Flavor of Three Raclette
Cheeses Inoculated (A and B) or Not (C) with P. freudenreichii,
Evaluated after Heating at 200 °C (“Hot Evaluation”)2

odor flavor
family descripors A B C fod A B C [
lactic fresh milk 12 12 7 071 5 2 7 ND

boiled milk 79 55 74 004 69 69 71 0.96
fresh cream 21 24 14 053 12 14 14 0.93

butter 7% 69 69 071 74 69 62 0.50
whey 7 7 5 ND 19 14 7 0.27
blue cheese 0 2 2 ND 7 7 7 ND
vegetable  grass 5 5 2 ND 14 14 12 0.93
hay 14 7 10 05 7 12 7 0.68
onion (cooked) 12 10 14 080 26 21 29 0.75
straw 2129 21 068 14 14 21 0.60
fruity/floral  apricot/peach 0 5 0 ND 7 7 5 ND
hazelnut 14 21 14 060 19 19 24 083
lemon 2 12 2 009 24 10 19 0.21
floral 10 2 0 007 2 2 5 ND
toasted bread crust 38 21 33 023 33 43 24 018
oily 71 71 62 056 50 52 43 0.67
toasted 14 17 21 069 14 7 29 0.03
animal shed 12 14 10 080 21 12 12 0.37
animal 14 14 10 080 21 12 12 0.37
others propionic 2 5 0 ND 7 2 0 ND
rancid 5 10 7 070 10 7 ©0 0.14
tastes salty 64 43 57 0.13
sweet 33 45 36 0.50
acidic 24 24 31 0.59
bitter 41 41 36 0.88

2Values are perception frequencies, expressed as percentage [number of
presence responses divided by the maximal number of responses, i.e., 42 (21
assessors, duplicate evaluations)]. © Probability of y2 test. Values below 0.05 are
in bold.

0.13) together with a sweeter tasfe= 0.01) than the control
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cheeses (A and B) had a more shed ogor(0.13) and a more
apricot/peach aromag (= 0.08) than the control cheese. When
cheeses were tested after heating, few significant differences
in descriptor frequencies were revealed. Cheese B was charac-
terized by a less marked odor of boiled milk£p0.04) and a

less toasted aroma & 0.03) than control cheesd&dble 7).
Moreover, both experimental cheeses showed a tendency to have
a more rancid aroma (g 0.14).

DISCUSSION

This study shows thad. freudenreichiis capable of growth
in a semihard cheese under conditions that are much less
favorable than those encountered by this species in Swiss cheese.
Six of the seven strains used as adjunct, which were chosen for
their salt tolerance, effectively grew in Raclette cheese. Their
growth rate, however, was rather low. Hence, populations of
PAB increased by only-1 log over 10 weeks of ripening, as
compared to a23 log increase within 34 weeks of ripening
in Emmental cheese. This difference in growth rate could be
explained by at least two factors, salt and temperature. The salt-
in-moisture content is around 6% in Raclette (as compared to
around 1% in Emmental), and the ripening temperature was 11
°C in the present study (as compared to°2tin Emmental
cheese). The two types of cheeses, however, have comparable
pH values. In one of the experimental cheeses (cheese A), a
decrease in PAB level was observed at the end of ripening,
concomitantly with a reduction in the rate of increase in acetate
and propionate concentrations. This observation, which remains
to be explained, could be related to the high salt level in cheese
A, which contained 25% more than the other experimental
cheese (B). The limits of salt concentration tolerated by
propionibacteria vary as a function of other growth conditions
such as pH. In rich laboratory media (yeast extract lactate
medium, for example), 0.79 M NaCl (4.6% salt-in-moisture)
was needed to double the generation timé ofreudenreichii
subspshermaniiCIP103027 26). At cheese pH (5.25.5), the
critical salt-in-moisture at pH 5.3 for PAB has been evaluated
around 3.0% 14). The strains used in the present study were
chosen from previous results which compared PAB strains for
their ability to grow and ferment lactate in mini Swiss cheeses
containing different levels of salt-in-moisture (1.0, 1.8, and
3.2%) (L4). These concentrations are, however, much lower than
the levels of salt determined in Raclette cheese (about 6% salt-
in-moisture).

Various biochemical changes were observed in experimental
cheeses as compared to the control cheese: the fermentation of
lactate to propionate and acetate, a marked enhancement of
lipolysis, some modifications of the amino acid profile, the
conversion of branched chain amino acid to a variety of aroma
compounds, and the increase in other volatile compounds such
as esters and ketones. As only three cheese vats were used, all
made differently, all differences cannot be explained by the
addition of PAB, and it would be necessary to reproduce these
experiments to be able to generalize these results. However,
the changes that were observed in experimental cheeses are in
accordance with the results previously observed in Swiss cheeses
where PAB are known to ferment lactate and aspartate and to
produce propionate and acetaf®.(PAB were shown more
recently to play a key role in Swiss cheese lipolys4,27),
in the production of branched chain compounds, in particular
those coming from isoleucine catabolism, and in the formation
of esters of propionate24, 28, 29). Regarding lipolysis in
Raclette cheese, PAB seemed to favor the release of short chain

cheese. At lower levels of significance, both experimental fatty acids and CLA, contrary to that observed in Swiss cheese,
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where saturated long chain fatty acids were preferentially are common volatile compounds in cheese, where they are
released by PAB24, 27). CLA is formed in the mammary gland  responsible for fruity flavors that can be considered as a flavor
and occurs naturally in milk fat. However, CLA can also be defect or contribute positively to cheese flav86). Although
formed by conversion of linoleic acid (&) by various cheese-  high levels of alcohols were found in Raclette cheese in the
related bacteria, including some straing’ofreudenreichi{30— presence of PAB, the direct contribution of alcohols to cheese
32). This ability to convert g, to CLA has only, however,  flavor is unlikely due to the high odor threshold values of these
been demonstrated in liquid media, and not in cheese, wherecompounds.

CLA concentration is comparable to its concentration in milk ~ Eye formation was not observed in Raclette cheese containing
fat (25, 30). This study showed that the proportions of free CLA PAB, which would have been considered as a defect. The
were 0.6, 0.8, and 1.3% of free fatty acids, in the control (C), formation of gas holes during Swiss cheese ripening opening
A, and B Raclette cheeses, respectively, which indicates thatresults from the fermentation of lactate to acetate, propionate,
free CLA was either more easily released from cheese fat or and carbon dioxide by PAB. However, eye formation is a
partly derived from Gg:» conversion. Branched chain alcohols  complex phenomenon, determined by the rates of gas production
and adehydes can originate from the conversion of amino acids,and diffusion and by the mechanism of hole nucleation and
namely, leucine and isoleucine, by PAB, through a transami- growth in a protein matrix with appropriate structural properties
nation step 3). The resultingr-ketoacid can then be decar- (6). It is likely that, in the present study, the low ripening
boxylated, giving rise to the corresponding acids, methylbutanoic temperature used (I'C) played a key role in limiting the rate
acids, or to the corresponding aldehydes, 3-methylbutanal andof propionic fermentation and the resulting rate of £O
2-methylbutanal (34), which were also detected at low concen- Production.

trations in the cheeses. Because of the reducing conditions within N conclusion, this study shows that propionibacteria can be
the cheeses and because of their elevated reactivity, aldehydeySed as adjunct microflora to enhance cheese flavor, even in
are readily reduced to the corresponding alcoh®®.(Numer- some cheese varieties where no opening is desired. These results
ous straight chain alcohols (in particular 1-propanol) and methyl- Were obtained in real scale cheeses, manufactured under
ketones were observed to increase in Raclette cheese in th&onditions strictly similar to those u_sually used by industry (milk
presence of PAB. The production of these compounds by PAB treatment, starters, and technologlqal parameters of manufacture
has not previously been reported in Swiss cheese, but it has@nd ripening). However, technological parameters, such as salt

been observed for PAB grown in the aqueous phase of sSwisscontent, temperature, and time of ripening, could be slightly
cheese (29). modified to enhance the growth and the metabolic activity of

PAB. The strains of PAB used in the present study were selected
for their salt resistance, but adjunct PAB should also be selected
‘on their ability to grow at low temperature. The original sensory
evaluation performed in the present study had showed the flavor
notes that showed the greatest variability for the treatments and
that could be used in quantitative flavor evaluation in further
studies. The first results obtained in this study open new
?)‘ossibilities for cheese flavor diversification.

The flavor of cheese was modified in both experimental
cheeses by inclusion of PAB as adjuncts. Cheese B, in particular
which contained the highest levels of PAB at the end of ripening,
received the highest scores for odor and flavor intensity. The
difference in PAB counts between cheeses A and B could be
responsible for the difference in intensity of the biochemical
and sensory changes observed in the two experimental cheese
However, an additional effect of the PAB strains cannot be
deflnltely exclude(_j as P_AB strains; many_abllmes of PAB_are ACKNOWLEDGMENT
strain-dependent in Swiss type cheeses (i.e., rate of propionate
production, degree of lipolysis, formation of branched chain We thank J. Hannon for critical review and fruitful discus-
compounds, and influence on cheese flavor). The increase insjons.
flavor observed originates from changes in the volatile and
nonvolatile compounds induced by the presence of PAB. LITERATURE CITED
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